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Severe acute respiratory syndrome coronavirus type 2 (SARS-CoV-2) virus is the cause of coronavirus disease 2019 (COVID-19).
It has caused millions of infections and deaths globally over a 2-year period. Some populations including those living with HIV
and/or cancer are reported to be at a higher risk of infection and severe disease. HIV infection leads to a depletion of CD4+ T
cells which impairs cell-mediated immunity and increases the risk of malignancies such as Kaposi sarcoma (KS) and viral
infections such as SARS-CoV-2. However, several other factors including level of immunosuppression and chemotherapy may
also affect the immune response against SARS-CoV-2. In this study, we investigated factors affecting SARS-CoV-2-specific T
cell immunity towards the spike, nucleoprotein, membrane protein, and other open reading frame proteins in individuals with
HIV-associated KS. The KS patients were SARS-CoV-2 seropositive with detectable T cell responses, but had no history of
symptomatic SARS-CoV-2 infection. We observed that the T cell responses increase from baseline levels during follow-up,
with responses towards the NMO peptide pool being statistically significant. Low CD4 counts below 200 cells/μl were
associated with lower SARS-CoV-2-specific T cell responses. Cancer chemotherapy and KS T staging did not have a significant
effect on the T cell responses.

1. Introduction

The recently discovered SARS-CoV-2 virus is the cause of
the ongoing coronavirus disease 2019 (COVID-19)
pandemic [1]. There have been hundreds of millions of
infections due to SARS-CoV-2 and millions of deaths
due to COVID19 since the first few cases were reported
in late 2019 in China [2]. SARS-CoV-2-infected individ-
uals with HIV/AIDS-associated malignancies remain at a

higher risk of morbidity and mortality due to the immu-
nosuppression associated with both the HIV infection
and the malignancy [3, 4].

Despite HIV-infected individuals being at a higher risk
of infection with SARS-CoV-2, a high proportion is reported
to be asymptomatic when they get infected [5]. This reduces
the likelihood of detecting SARS-CoV-2 infections among
the HIV-infected and isolating these individuals from the
general population. Also, due to the immunosuppression
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associated with HIV disease, these individuals are less likely
to clear the virus, and this may lead to prolonged infection
and a higher probability of mutation of the virus in these
hosts [6]. More specifically, the HIV virus infects CD4+ T
cells and causes a depletion of these cells with a resultant
deficiency in cell-mediated (T cell) immune responses [7].

Both HIV and Kaposi sarcoma (KS) are associated with a
defective cell-mediated immune response [8, 9]. KS is an
AIDS-defining angio-proliferative malignancy commonly
affecting the skin, lungs, and gastrointestinal tract and is
caused by the Kaposi sarcoma-associated herpes virus
(KSHV) [10]. A defective cell-mediated immune response,
largely attributed to HIV infection, is insufficient in control-
ling KSHV replication, hence increasing the risk of KS devel-
opment [10]. KS is the most prevalent HIV-associated
malignancy and is among the top 10 cancers in most sub-
Saharan Africa countries (GLOBOCAN, 2022). Despite pre-
vious studies observing no increased risk of COVID19
among patients presenting with some of the most common
cancers [11], individuals with HIV-associated KS may be
an exception due to the role of HIV in KS pathogenesis
and in compromising T cell immunity in this population.

T cell immunity is crucial in the body’s defense against
intracellular organisms such as viruses and the body’s fight
against cancer [12]. Key players in T cell immunity include
CD4 and CD8 (cytotoxic) T cells. These cells recognize
human leukocyte antigen-peptide complexes and kill cancer-
ous cells and cells infected by viruses [13]. A deficiency in
this immunity may predispose an individual to chronic viral
infections and cancer. Studying SARS-CoV-2-specific cell-
mediated immunity in potentially vulnerable populations
such as HIV-associated KS patients may be important in
the development of strategies to control infections and also
prevent emerging variants. Also, other factors including
cytotoxic cancer chemotherapy administered to KS patients
may potentially worsen the immunosuppression which
may further dampen the anti-SARS-CoV-2 T cell response.

This study was aimed at longitudinally studying SARS-
CoV-2-specific T cell immunity in HIV-associated KS
patients. We investigated how T cells in these individuals
are likely to recognize and clear SARS-CoV-2 infection,
and also how factors including disease stage, level of immu-
nosuppression, and treatment with cancer chemotherapy are
likely to affect this T cell immunity. Our study is unique
because it was done in an African setting where HIV-
associated malignancies are common, and where SARS-
CoV-2-specific T cell immunity has not been well-
characterized in cancer patients.

2. Materials and Methods

2.1. Study Design and Participants. This was a prospective
cohort study to investigate SARS-CoV-2-specific T cell
immunity and factors affecting this immunity in SARS-
CoV-2-seropositive individuals with HIV-associated KS.
The participants were recruited from the University Teach-
ing Hospital (UTH) in Lusaka, Zambia. The UTH is the
largest referral public hospital in the country and receives
patients from other hospitals in the capital city and other

parts of the country. After obtaining informed consent,
clinical and sociodemographic information was collected
followed by collection of venous whole blood. All the partic-
ipants were asymptomatic but seropositive for SARS-CoV-2
at the time of recruitment. Past infection with SARS-CoV-2
was determined at the time of recruitment using a rapid
antibody test (PANBIO COVID-19 IgG/IgM rapid test).
The study participants were followed up for approximately
8 weeks after recruitment. During the follow-up period, the
participants also underwent cytotoxic cancer chemotherapy
for KS. Ethical approval was obtained from the University
of Zambia Biomedical Research Ethics Committee (REF.
No. 019-017-18) and from the National Health Research
Authority (Ref No: NHRA00001/17/09/2021).

2.2. Sampling. 16 ml of venous whole blood was collected
from all the participants at both baseline and at follow-up.
A portion of the whole blood was used for CD4 counting
and another portion for T cell immunophenotyping by flow
cytometry, and then, the rest underwent centrifugation to
separate plasma. A portion of the plasma was used for
HIV viral load quantification, while the rest was stored at
-80°C. After separating plasma, the remaining cellular com-
ponent of the blood was then subjected to density gradient
centrifugation to separate peripheral blood mononuclear
cells (PBMC) for subsequent interferon gamma enzyme-
linked immunospot (IFNγ-ELISpot) assays.

2.3. CD4 Counting and HIV Viral Loads. The BD TriTest kit
(BD biosciences) was used to quantify CD4 counts on a 4-
color BD FACSCalibur (BD Biosciences). The Aptima
HIV-1 Quant Dx assay kit was used to determine HIV viral
loads on a Hologic Panther (Hologic) according to the man-
ufacturer’s protocol.

2.4. ELISpot Peptides. PBMCs were stimulated with the pep-
tide pool covering the SARS-CoV-2 S1 subunit of the spike
(S) protein which contains the receptor binding domain
(RBD) and is important for viral entry into cells [14], the
SARS-CoV-2 nucleoprotein (N) which is important for viral
replication and packaging [15, 16], the membrane (M) pro-
tein which is important in production of virus-like-particles
[17], and other open reading frame (O) proteins which were
obtained from MABTECH AB (Sweden). The NMO was a
combined peptide pool.

2.5. ELISpot Assay. An IFNγ-ELISpot assay, which detects
IFNγ-secreting cells at a single cell level, was conducted.
Both at baseline and after 8 weeks of follow-up, 96-well pre-
coated plates (MABTECH AB, Sweden) were used to con-
duct the assays in duplicate. A total number of 250,000
freshly isolated live PBMCs were added to each well and
stimulated with peptides. Responses to 2μg/ml of the pep-
tide pools were measured. Anti-CD3 monoclonal antibody
was the stimulant in the positive control well, while dimethyl
sulfoxide (DMSO) was used instead of peptides in the nega-
tive control wells. Co-stimulation of the T cells was done by
adding anti-CD28 in all the wells. The plate was incubated at
37°C in a humidified incubator with 5% CO2 for 24 hours.
Detection antibody was added followed by the development
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of spots the next day (on day 2), according to the manufac-
turer’s protocol. Counting of spots was done using an AID
ELISpot reader (Autoimmun Diagnostika) (Figure S1). An
average of the spots in the 2 wells for each peptide pool
was calculated and used for the final analysis. A final count
of at least 55 spot-forming units (SFU) and 4 times the
count in the negative control for each participant were
considered to be a positive response.

2.6. Flow Cytometry. We used CD3-APC-Vio770, CD4-PE,
CD8-PE-Vio770, and CD45RO from Miltenyi Biotec
(Germany) and CD197-CCR7-FITC from BD Biosciences
(Belgium) to stain the whole blood for 30 minutes. A 6-
color BD FacsVerse instrument (BD Biosciences) was used
to conduct the flow cytometry, and Flow Jo (version 10)
was used to analyze the data. The gating strategies are shown
in Figure S2.

2.7. Statistical Analysis. Statistical analysis was done using
STATA version 17. We used summary statistics to analyze
the baseline characteristics. Continuous variables are
presented as median and interquartile range, while categori-
cal or binary variables as percentages. The Wilcoxon rank-
sum test was used to compare the counts or other continu-
ous variables between two groups. The Wilcoxon matched-
pairs signed-rank test was used to compare the counts
between baseline and follow-up time points. The Spearman’s
rank correlation was used to determine whether there was
any significant correlation between continuous variables. A
p value of < 0.05 was considered statistically significant.

3. Results

3.1. Characteristics of Study Participants. We recruited and
prospectively followed up 22 SARS-CoV-2 seroreactive,
mainly SARS-CoV-2 unvaccinated, individuals with newly
diagnosed HIV-associated KS. The study participants were
treatment (cytotoxic cancer chemotherapy)-naïve at the
time of recruitment, and the majority (about 91%) was on
antiretroviral therapy (ART). None of the study participants
had previously been hospitalized due to COVID19, and only
4.5% had experienced COVID19 symptoms. The rest of the
baseline characteristics are shown in Table 1. After 8 weeks
of follow-up, the participants had received a median of 4
doses [IQR: 3-6] of cytotoxic cancer chemotherapy as part
of standard care for KS. The chemotherapy is comprised of
1 to 3 drugs/doses (doxorubicin, bleomycin, and vincristine)
administered every 3 weeks. Three (3) KS patients died dur-
ing the follow-up period due to advanced KS disease, and
another one was admitted with severe visceral KS disease
at the time of follow-up and hence could not be sampled.
Four (4) other participants were lost to follow-up. We there-
fore successfully followed up 14 study participants out of the
recruited 22.

3.2. SARS-CoV-2-Specific T Cell Responses at Baseline
Compared to Follow-Up. At baseline, 18/22 (81.8%) of the
participants had detectable T cell responses towards S1
subunit of spike, while 13/16 (81.3%) of the participants
had detectable T cell responses towards NMO. At follow-

up, 13/14 (92.9%) of the followed-up participants had
detectable T cell responses against spike S1 subunit, while
14/14 (100%) of followed-up individuals had detectable T
cell responses against NMO. There was an increase in T cell
responses against both spike and NMO peptide pools after 8
weeks of follow-up, with a statistically significant increase
for the NMO peptide pool at the time of follow-up
(p = 0:01) (Figure 1).

3.3. Effect of CD4 Counts on SARS-CoV-2-Specific T Cell
Responses. To investigate whether the level of immune sup-
pression in newly diagnosed HIV-associated KS patients
affected the SARS-CoV-2 T cell responses, we categorized
the study population into those with CD4 count above or
below 200 cells/μl and compared the responses between
these two subgroups. Overall, there was a statistically signif-
icant increase in CD4 counts from baseline levels after 8
weeks of follow-up (199 cells/μl [103-339] vs. 206 cells/μl
[147-465]; p = 0:025). At baseline, we observed statistically
significant higher T cell responses towards the spike S1 sub-
unit peptide pool in individuals with higher CD4 counts
compared to those with low CD4 counts as expected
(p = 0:012) (Figure 2). There was a trend towards an increase
in T cell responses against the NMO pool in individuals with
higher CD4 counts compared to those with low CD4 counts;
however, this difference did not reach statistical significance
(p = 0:065). During follow-up, responses towards both spike
S1 subunit peptide pool (p = 0:01) and NMO peptide pools
(p = 0:001) were statistically significantly higher in individ-
uals with higher CD4 counts than those with low CD4
counts. Also, there was a statistically significant positive cor-
relation between CD4 counts and T cell responses towards
spike S1 subunit and NMO peptide pools at baseline
(r = 0:61, p = 0:01 and r = 0:61, p = 0:012, respectively) and
follow-up (r = 0:65, p = 0:011 and r = 0:68, p = 0:01, respec-
tively) (Figure S3).

3.4. Effect of KS Stage, Chemotherapy, and Gender on SARS-
CoV-2-Specific T Cell Responses. The KS patients were
categorized according to the AIDS Clinical Trial Group T
staging criteria which is based on extent of the tumor. T0
stage often represents less extensive disease and less severe
immunosuppression, while T1 stage often represents more
advanced disease and more severe immunosuppression.

Table 1: Baseline characteristics of study participants.

Median age in years 37.5 [32-42]

Males 17 (77.3%)

BMI in kg/m2 24.3 [21.1-26.1]

CD4 count in cells/μl 199 [103-339]

HIV viral load in copies/ml 0 [0-42.5]

On ART 20 (90.9%)

Symptomatic for COVID19 1 (4.5%)

Vaccinated at baseline 2 (9.1%)

KS ACTG T1 stage 13 (59.1%)

BMI: body mass index in kg/m2; ART: antiretroviral therapy; KS: Kaposi
sarcoma; ACTG: AIDS Clinical Trials Group.
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About 59% of the participants had the advanced T1 stage at
baseline. We observed no significant differences in T cell
responses between those with the T0 stage and those with
the T1 KS stage at baseline (Table S1). Also, there was no
significant difference in T cell responses between males and
females. Since we had a narrow age range, we did not
investigate the effect of age on the T cell responses.

During the follow-up period, the participants received
cytotoxic cancer chemotherapy for KS. At our facility, KS
patients often receive 2-3 chemotherapy drugs at each cycle
for 6 cycles and a total of about 12-18 doses. Given the two-
month follow-up period, the participants were still under-
going chemotherapy at the time of follow-up. The number
of doses received ranged from 3 to 8 depending on clinical
eligibility and consistency in patient’s presentation to the

hospital for drug administration. There was no significant
correlation between the number of doses administered dur-
ing the follow-up period and the responses to spike and
NMO peptide pools (Table S2).

4. Discussion

This study aimed at investigating SARS-CoV-2-specific T
cell responses, and factors affecting these immune
responses, in individuals with newly diagnosed HIV-
associated KS because it is the most common HIV-
associated malignancy and one of the most prevalent malig-
nancies in our setting. It was hypothesized that T cell
responses may be weaker in individuals with lower CD4 T
cell counts than those with higher CD4 counts [18]. Also,
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Figure 1: SARS-CoV-2-specific T cell responses between baseline and follow-up. (a) T cell responses against spike S1 subunit at baseline and
follow-up. (b) T cell responses against NMO at baseline and follow-up.
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Figure 2: SARS-CoV-2-specific T cell responses by CD4 counts. (a) SARS-CoV-2-specific T cell responses against Spike S1 subunit and
NMO peptide pools by CD4 count categories at baseline. (b) SARS-CoV-2-specific T cell responses against Spike S1 subunit and NMO
peptide pools by CD4 count categories at follow-up.
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cytotoxic cancer chemotherapy administered to KS patients
was expected to dampen the T cell responses as it often
causes an immunosuppression [19].

We observed that, at baseline, over 80% of the study par-
ticipants had detectable SARS-CoV-2-specific T cell
responses towards the two peptide pools. After 8 weeks of
follow-up, T cell responses towards both spike and NMO
peptide pools increased, with a statistically significant
increase towards the NMO peptide pool. The observed
improvement in T cell responses after 8 weeks of follow-up
could be attributed to reconstituted immune system as a
result of HIV control by ART and/or T cell responses that
develop slowly over time due to a dysregulated and senes-
cent immune system as has been observed in the elderly
who also have a senescent immune system [20, 21]. Since
the majority of our study participants had no history of
experiencing symptomatic SARS-CoV-2 infection or under-
going a PCR diagnosis, it is not known when they actually
got infected and how the immune response changed over
time from the time of infection. However, they were
recruited after a third COVID19 wave in Zambia, which
was dominated by the delta variant, and was approximately
8-12 weeks prior to commencing this study. Therefore, it is
possible that the observed increase in the T cell response
may be due to a slow response rather than sustained
improvement over time. If that is the case, this slow response
and asymptomatic nature of the SARS-CoV-2 infection war-
rants further investigation. Individuals with HIV-associated
KS are likely to harbor the virus for a longer period and
may thus be a source of new variants as the virus has enough
time to mutate [22]. Also, most of the HIV-associated KS
patients may be asymptomatic and thus may be a source of
asymptomatic viral transmission in the general population.

The level of immunosuppression appears to be a major
factor contributing to weaker T cell responses in individuals
with HIV-associated KS. We observed that individuals with
CD4+ T cell counts below 200 cells/μl had weaker SARS-
CoV-2-specific T cell immunity. This observation is in
agreement with previous studies that have reported that
lower CD4+ T cell counts are associated with suboptimal
SARS-CoV-2 T cell and humoral responses in people living
with HIV [23, 24]. CD4+ T cells are an important compo-
nent of adaptive immunity in the control of viral infections
such as SARS-CoV-2. These cells can have a direct cytotoxic
effect on infected cells, can help B cells mature and produce
neutralizing antibodies, and can also help support the differ-
entiation and function of CD8+ cytotoxic T cells [25, 26].
Hence, a deficiency or impaired function of these cells can
have a detrimental effect in the control of viral infections
such as SARS-CoV-2. This underscores the need to com-
mence ART early in individuals infected with HIV, includ-
ing those presenting with HIV-associated KS, in order to
prevent HIV-induced depletion of CD4+ T cells which may
lead to weaker control of SARS-CoV-2 infection.

Individuals with HIV-associated KS present at different
stages of disease, according to the AIDS Clinical Trials
Group (ACTG) staging criteria. Also, these individuals
undergo treatment with cytotoxic cancer chemotherapy to
control the KS tumors. We observed no association between

the T stages (T0 vs. T1) reflecting the extent of KS disease,
with T cell responses at baseline before commencing chemo-
therapy in our study cohort. This was similar to a previous
study on cancer patients by Fendler et al., where it was
observed that cancer staging was not correlated with
SARS-CoV-2 immune responses [27]. Similarly, the number
of chemotherapy doses administered to KS patients did not
associate with T cell responses measured. Overall, compared
to baseline responses, the T cell responses improved during
follow-up period despite chemotherapy in the entire cohort.
This was also similar to a study where both humoral and T
cell responses were evaluated in vaccinated patients with
lymphoid malignancies after receiving anti-CD20 and che-
motherapy treatment, and it was observed that the majority
had detectable T cell responses (>80%), while the humoral
responses were detected in fewer individuals (<15%) [28].
It therefore appears from our study and others that SARS-
CoV-2 specific T cell immunity is not significantly affected
by cancer stage and chemotherapy. This is an important
observation because cytotoxic cancer chemotherapy is a
key component in the management of advanced HIV-
associated KS patients, especially in resource-limited set-
tings. However, this observation may be due to the study
design as we did not compare individuals who received che-
motherapy to those who did not, as all the participants were
eligible for chemotherapy. Nevertheless, the participants
were on ART, which led to an improvement in CD4 counts
during treatment, and can partly explain the improvement
in the T cell response during chemotherapy. Also, the partic-
ipants were followed up and sampled at least 3 weeks after
receiving chemotherapy, and hence, their T cells may have
recovered from the effects of chemotherapy at the time of
sampling. On the other hand, there was no significant differ-
ence in T cell responses between males and females in our
study cohort, although a larger sample size may be required
as the majority of the KS patients were males, as KS affects
more males than females.

The presence of cross-reactive humoral and adaptive
immune responses against SARS-CoV-2 has been previously
reported in our settings [29, 30]. The lack of COVID-19
symptoms and hospitalization for the majority of this
cohort could be due to cross-protective immune response
against SARS-CoV-2 infection. Alternatively, immunosup-
pression associated with HIV-associated KS could be the
reason for the asymptomatic nature of SARS-CoV-2 infec-
tion in the cohort. This is supported by the fact that
COVID19 disease symptoms are a manifestation of a
heightened immune response, as observed by a previous
study that reported that asymptomatic individuals had a
weaker immune response to SARS-CoV-2 infection, lower
levels of pro- and anti-inflammatory cytokines, and pro-
longed viral shedding [31].

5. Study Limitations

Because our cohort of HIV-associated KS patients was
serologically diagnosed, we could not estimate the time of
SARS-CoV-2 infection. This is important because immune
responses, particularly T cell responses, are known to
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decrease with time, and so the lack of association in some
comparisons could be due to loss of response as a function
of time and not the lack of association. However, we
observed an increase in T cell immunity during the
follow-up period, which could indicate more recent infec-
tion at the time of recruitment. The asymptomatic infec-
tions in HIV-associated KS patients also affected the study
design in that we could not compare them to HIV-
infected individuals without KS who were usually symp-
tomatic or diagnosed by PCR. Also, the small sample size
in our study might have limited the power to detect a dif-
ference for some of the variables. In addition, we did not
follow-up both seropositive and seronegative individuals
to investigative any potential changes in serostatus. Never-
theless, this study has highlighted the presence of SARS-
CoV-2 specific T cell responses and how these responses
change over time in HIV-associated KS patients.

6. Conclusion

We report for the first time the presence of SARS-CoV-2
specific T cell responses in individuals with newly diagnosed
HIV-associated KS in sub-Saharan Africa. The majority of
these individuals have asymptomatic infection. Low CD4
counts below 200 cells/μl are associated with much lower
SARS-CoV-2-specific T cell responses. Cytotoxic cancer
chemotherapy and extent of KS disease do not have a signif-
icant effect on T cell responses against SARS-CoV-2.
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Supplementary Materials

Figure S1. T cell responses in individual wells showing the
spot-forming units. (a) Responses in a well for one of the
peptide pools under investigation; (b) a negative control
well where DMSO was added instead of peptide pools;
(c) a well showing responses in the positive control well
where stimulation of CD3, a T cell co-receptor, was done.
Figure S2. Gating strategies used for immunophenotyping
by flow cytometry. (a) Forward and side scatter with a
gate on lymphocytes; (b) gating on CD3+ cells; (c) gating
of CD4+ and CD8+ cells among the CD3+ cells; (d) sub-
sets among the CD4 or CD8 cells including effector mem-
ory (Q1), central memory (Q2), naïve (Q3), and effector
(Q4) cells. At least 100,000 events were collected in the
lymphocyte gate. Figure S3. Correlation between CD4
counts with SARS-CoV-2-specific T cell responses. (a) a
significant positive correlation between CD4 counts and
T cell responses to spike at baseline; (b) a significant pos-
itive correlation between CD4 counts and T cell responses
to NMO at baseline; (c) a significant positive correlation
between CD4 counts and T cell responses to spike at
follow-up; (d) a significant positive correlation between
CD4 counts and T cell responses to NMO at follow-up.
Table S2. Correlation between chemotherapy doses
received and responses to SARS-CoV-2 at follow-up. Table
S1. T cell responses by KS stage and gender at baseline.
(Supplementary Materials)
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