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Abstract: Background: The presence and level of anti-SARS-CoV-2 antibodies in PLWH from the
Lower Silesia region in Poland. Material and Methods: A total of 216 serum samples of both sexes,
aged 21–77, and treated with TDF or TAF together with FTC and INSTI at two points of time. Anyone
who did not experience COVID-19 symptoms. Samples were checked for the presence and levels of
anti-SARS-CoV-2 antibodies regarding CD4 + T and CD8 + T cells counts, the ratio of these cells, age,
sex, VL, and type of tenofovir used. Results: The average level and prevalence of anti-SARS-CoV-2
antibodies during the first wave were 65.81 IU/mL and 4.17%, while during the second wave, they
were 125.98 IU/mL and 14.29%, respectively. There was a significant correlation between the number
and type of lymphocytes and the presence of anti-SARS-CoV-2 antibodies. We did not find the same
correlation regarding anti-SARS-CoV-2 levels. The average level of antibodies was higher during the
second wave. There was no difference between the type of tenofovir used and the humoral response,
as well as no correlation of anti-SARS-CoV-2 levels with age, gender, or VL. Conclusion: PLWH
can have asymptomatic SARS-CoV-2 infection, which can influence the presence, but not levels, of
anti-SARS-CoV-2 Ab. No correlation with type of tenofovir was observed.

Keywords: SARS-CoV-2; HIV; tenofovir

1. Introduction

COVID-19 is a new nosological entity that we still know very little about. On 11 March
2020, the World Health Organization (WHO) announced the COVID-19 pandemic, caused
by the SARS-CoV-2 virus. However, the situation in which SARS-CoV-2 is co-infected
with the human immunodeficiency virus (HIV) still seems not to be obvious. As both HIV
and SARS-CoV-2 are immunocompromised, it was expected that HIV-infected individuals
would be at high risk of developing severe COVID-19. Meanwhile, it turned out that the
risk of developing severe COVID-19 disease affected only those people infected with HIV
with extreme immunodeficiency [1]. The answer to the question of why the HIV infected
do not develop COVID-19 more often than the population of uninfected people may be
the young age of this group of patients [2]. It is known that young people are more likely
to suffer from mild illness or be asymptomatic [3]. Perhaps the asymptomatic course of
coronavirus infection is influenced by the so-called broadly neutralizing antibodies. There
is a concept that these antibodies have the ability to recognize the glycan envelope of the
SARS-CoV-2 protein and block it [4]. In addition, it has been shown that in HIV-infected
people treated with an effective antiretroviral therapy, a higher number and activity of CD8+
T cells correlated with a milder course of COVID-19. A lack of this activity in HIV-infected
patients correlated with a more severe course of COVID-19 [5]. The impact of antiretrovirals
in reducing the risk of SARS-CoV-2 infection cannot be excluded. It has been suggested that
lopinavir and ritonavir may have antiviral activity with respect to SARS-CoV-2. Ultimately,
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such an action was not confirmed, based on the results of the RECOVERY study, among
others [6]. For nucleoside reverse transcriptase inhibitors (NRTIs), it has been suggested
that both tenofovir, emtricitabine, and abacavir may inhibit SARS-CoV-2 replication, by
affecting the viral RdRp protein. In addition, tenofovir disoproxil has been shown to have
immunomodulatory effects. In vitro, a decrease in the secretion of IL-8, IL-10, and MCP-1
in the monocytes and mononuclear cells of peripheral blood was demonstrated, as well
as an increase in the synthesis of IL-12 (Th1 dependent response) [7–10]. As COVID-19
is associated with the occurrence of an abnormal, excessive inflammatory reaction, the
improvement of the specific immune response to a specific pathogen may be of significant
importance in patients with COVID-19 with an increased inflammatory reaction [11,12].

Objective of the Work

The aim of this study was to assess the occurrence and the levels of anti-SARS-CoV-2
IgG antibodies in a group of HIV-infected patients treated with antiretroviral drugs.

2. Materials and Methods
2.1. Material

The material consisted of archival plasma samples collected from 216 HIV-infected
patients from the Prevention and Treatment Clinic of the Wrocław Health Center in Wrocław,
who received antiretroviral drugs: tenofovir disoproxil with emtricitabine (TDF/FTC)
or tenofovir alafenamide with emtricitabine (TAF/FTC) in combination with integrase
inhibitors for antiretroviral therapy. The first samples were collected from 4 February 2020
to 29 September 2020 during standard visits to the clinic. The second samples were tested
from June 2020 to 22 February 2021 after the second visit of recruited patients. Previously
negative people were qualified for the second determination, and this group excluded
patients who did not report to the consultation point in the test interval. The two ranges
corresponded to the first and second “waves” of SARS-CoV-2 infections, respectively.

The samples originated from patients without symptoms of COVID-19 on the day of
their first visit to the clinic. Nobody was vaccinated against COVID-19. The patients did
not report any symptoms of COVID-19 and were not aware of this disease. They came
from the Lower Silesia region, Poland.

The characteristics of the study group are presented in Table 1.

Table 1. General characteristics of the participants.

First Samples Second Samples

Number of participants 216 154
Women 42 32

Men 174 122
without ARV Treatment 36 0

with ARV Treatment 180 214
Age (years) 41 (21–77) 41 (21–77)

Median Age 39 39
Viral Load, copies/mL 4,433,357–not detected 141–not detected

CD4 (+) T cells/µL median (min–max) 608 (65–1502) 606 (41–1350)
CD8 (+) T cells/µL median (min–max) 779 (192–4000) 756 (163–2569)

CD4 (+) T cells/CD8 (+) T cells ratio median (min–max) 0.775 (0.05–2.99) 0.785 (0.11–3.03)
First Positive Sample (Date) 10 March 2020 15 September 2020
Last Positive Sample (Date) 29 September 2020 18 February 2021

The regimens containing tenofovir are presented in Table 2.
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Table 2. Regimens containing tenofovir (BIC: bictegravir, COBI: cobicistat, EVG: elvitegravir, FTC:
emtricitabine, TAF: tenofovir alefenamide, TDF: Tenofovir disoproxil).

A Treatment Drug
Containing Tenofovir Number Cumulative Number Percent Cumulative

Percentage

BIC/FTC/TAF 20 20 9.17431 9.1743
FTC/TDF 30 98 13.76147 44.95413

FTC/TAF 200 mg/10 mg 1 218 0.45872 100.0000
FTC/TAF 200 mg/25 mg 91 141 41.74312 64.6789

EVG/COBI/FTC/TAF 76 217 34.86239 99.5413

2.2. Methods

Plasma samples were collected using EDTA, centrifuged, and stored in aliquots at
−70 ◦C for later use. The presence of anti-SARS-CoV-2 IgG antibodies was determined
using an Anti-SARS-CoV-2 ELISA (IgG) test (EUROIMMUN MedicinischeLabordiagnostica
AG, Luebeck, Germany). Samples positive in Anti-SARS-CoV-2 ELISA (IgG) were then
tested in a quantitative assay. The Anti-SARS-CoV-2 QuantiVac ELISA (IgG) (EUROIM-
MUN MedicinischeLabordiagnostica AG, Luebeck, Germany) was used for quantitative
evaluation of anti-SARS-CoV-2 antibodies by means of a six-point calibration curve. The
assay was standardized against “First WHO International Standard for anti-SARS-CoV-2
immunoglobin” (NIBSC 20/136), so the quantitative results are given in standardized units:
IU/mL (IU—international units), which are identical to BAU/mL (BAU—binding antibody
units).

In both enzyme-linked immunoabsorbant assays, the S1 domain of the spike protein
of SARS-CoV-2 including the receptor binding domain (RBC) was used as an antigen. This
antigen is characterized by the lowest homology with analogous regions of other human
pathogenic coronaviruses.

ELISA assays were performed and the results were evaluated as recommended
by the manufacturer. The percentages and absolute counts (cells/µL) of CD3+, CD4+,
and CD8+ T lymphocytes were tested. CYTO-STAT tri-CHROME CD8-FITC (fluorescein
isothiocyanate)/CD4-RD1 (phycoerythrin)/ CD3-PC5 (phycoerythrin cyanine 5) reagents
(Beckman Coulter Inc., Brea, CA, USA) were used. This reagent is a combination of three
murine monoclonal antibodies and allows simultaneous identification and enumeration of
total CD3+, total CD4+, total CD8+, dual CD3+/CD4+, and dual CD3+/CD8+ lymphocytes
in whole blood. Samples were analyzed using a Navios EX flow cytometer (Beckman
Coulter). Peripheral blood samples were collected in EDTA anticoagulant tubes.

A cobas® HIV-1 quantitative real-time nucleic acid test (Roche Diagnostics GmbH,
Mannheim, Germany) performed on a cobas® 4800 System was used for the determination
of the HIV-1 RNA viral load.

2.3. Statistical Methods

A chi-square test was used to calculate the relationship between the presence of anti-
SARS-CoV-2 antibodies and gender or treatment. The relationships between age, levels
of CD4 + T cells, CD8 + T cells, ratio of CD4 + T cells to CD8 + T cells, viremia and the
presence and level of antibodies were calculated using the Kendall tau test and Spearman’s
rank correlation. A Mann-Whitney U test was used to calculate the relationship between
sex and antibody levels. A p < 0.05 was considered a significant value.

The study was approved by the bioethics committee, No. KB-714/2020.

3. Results

The study group consisted of 216 HIV-infected people aged 21 to 77 years. The average
age was 41 years. The study group included 174 men (80.56%) and 42 (19.44%) women
at the first sampling. Previously anti-SARS-CoV-2-negative people were tested for the
second time. The percentage of people with a positive test for antibodies was 4.17% in the
first sampling) and 14.29% in the second sampling. They were mostly men, reflecting the
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characteristics of the whole group. The age of the two groups was similar. The measurement
results are presented in Table 3. The values of the level of anti-SARS-CoV-2 antibodies
depending on the wave of infections are presented in Figure 1.

Table 3. Characterization of the group of patients with positive anti-SARS-CoV-2 IgG antibody
results.

First Term Second Term Total

Positive Samples 9 (4.17%) 22 (14.29%) 31 (14.35%)

Level of
anti-SARS-CoV-2

antibodies average
value (min–max)

IU/mL

65.81 (39.4–107.8) 125.98 (32–384) 108.51 (32–384)

Age 37.4 (26–53) 37.2 (26–60) 37.2 (26–60)
Female 2 (22.2%) 5 (22.7%) 7 (22.6%)
Male 7 (77.8%) 17 (77.3%) 24 (77.4%)
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The chart shows the minimum and maximum values. The opening value represents the median, the
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difference between the opening and closing value is greater than 0; black color—less than 0.

There was no statistically significant difference between the presence of anti-SARS-
CoV-2 antibodies and gender, age, HIV viral load, or type of tenofovir used. However,
CD4 + T cell count, CD8 + T cell count, and CD4+ to CD8+ ratio had a statistically signifi-
cant effect on the presence of anti-SARS-CoV-2 antibodies, see Table 4.
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Table 4. Correlation of the presence or level of anti-SARS-CoV-2 antibodies with the number of CD4+
cells, CD8 + T cells, the ratio of CD4+/CD8 + T cells to age, calculated Spearman’s rank order, and
Kendall tau correlation (the p values). CD4 + T cells, CD8 + T cell count, and CD4 + to CD8 + ratio
had a statistically significant effect on the presence of anti-SARS-CoV-2 antibodies.

Correlation of the Presence or Level of Anti-SARS-CoV-2 Antibodies with the
Number of Lymphocytes CD4+, CD8+, the Ratio of CD4+/CD8+, and Age

Number of CD4+
T Cells

Number of CD8+
T Cells

Ratio of
CD4+ T Cells to CD8+

T Cells
Age

presence of anti-SARS-CoV-2
antibodies—Spearman’s rank

order correlation
0.027176 0.029565 −0.00078 −0.09257

presence of anti-SARS-CoV-2
antibodies -Kendall tau correlation 0.021075 0.023614 −0.00033 −0.07603

level of anti-SARS-CoV-2
antibodies—Spearman’s rank

order correlation
0.506073 0.903972 0.525919 0.460506

level of anti-SARS-CoV-2
antibodies—Kendall tau correlation 0.414195 0.891751 0.517723 0.484320

Despite the correlation between the presence of anti-SARS-CoV-2 antibodies and the
CD4 + T cells, CD8 + T cell count, and CD4+ to CD8+ ratio, we did not observe such a
correlation regarding the levels of anti-SARS-CoV-2 antibodies, see Table 4.

In the course of our study, special attention was paid to one patient who on 10 March
2020 had IgG anti-SARS-CoV-2 antibodies in serum. This 39 year old man under the care
of the clinic was treated with ARV preparations containing TDF/FTC and did not show
any symptoms during this period. In his interview, he did not mention any trips outside
Poland in the months preceding the first study (the last trip abroad was 15 years ago). At
the same time, he did not travel outside Wrocław and did not contact people going abroad.
An interesting piece of information is that he worked in a city cleaning company, where he
could potentially have come into contact with infectious material. This suggests that the
SARS-CoV-2 virus may have been in the Polish environment much earlier, especially since
the first media case was reported on 4 March 2020 with a patient traveling from abroad.
Taking into account that antibodies in the IgG class appear about a week/one and a half
after infection, the patient included in the study could have become infected earlier than
the Patient “0” in the media.

4. Discussion

The main goal of our study was to assess the prevalence of anti-SARS-CoV-2 antibodies
in the group of HIV-infected people in the period from 4 February 2020 to 29 September
2020, who were patients of the Consulting and Diagnostic Center in Wrocław, Poland
and received antiretroviral regimens containing tenofovir with emtricitabine or tenofovir
alafenamide with emtricitabine in combination with integrase inhibitors. After 6 months,
another serological test for the presence of anti-SARS-CoV-2 antibodies was performed
in those negative in the first test. The seroprevalence calculated from the first time point
in our study, at the first determination, was 4.17%. Comparing with the data obtained
by researchers in Poznań, the seroprevalence in the general health population of the city
as of 24 September 2020 was low and amounted to 0.93% [13]. The percentage of people
with positive anti-SARS-CoV-2 antibodies in a similar period in other large cities included
Madrid 13.6% [14], Geneva 10.8% [15], Warsaw 17.3 % [16], and Gdańsk 10.4% [17]. It can
be concluded that the seroprevalence of our research group was much lower than that of
the general population.

The percentage of people infected with the SARS-CoV-2 virus in the general population
of Lower Silesia as of 22 February 2021 was 3.71% [18]; however, this result applies only
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to positive PCR swabs. In our study group, this percentage was 14.37% and concerned
the presence of antibodies. However, it should be noted that in our study, patients did not
report SARS-CoV-2 infection or flu-like symptoms during the observed period. At the same
time, in the Republic of Poland, swabs for SARS-CoV-2 infection were performed only from
people with symptoms of COVID-19. In this case, it can be assumed with high probability
that the percentage of 3.7% in the general population of Lower Silesia was underestimated
and did not include people with mild symptoms and asymptomatic infections. At the
same time, due to the lack of research and determination of the prevalence of anti-SARS-
CoV-2 antibodies in the population of Lower Silesia during this period, it is technically not
possible to compare our results, which is why we compare our results with cities with a
population of similar size, at a similar time. There is an interesting observation of higher
antibody levels at the second test term compared to the first term test in a population that
was previously negative. This can be explained by the difference in the types of virus that
dominated the successive waves. The second wave was related to the alpha variant, which
spread more efficiently, and those infected with it were at a higher risk of severe disease
and death than the original variant of SARS-CoV-2. At the same time, more severe courses
of SARS-CoV-2 infection were associated with higher levels of antibodies [19,20]. Of course,
there is the possibility that the higher level of anti-SARS-CoV-2 antibodies could also have
been due to the time interval of blood sampling. A certain group of patients may have been
asymptomatically infected at the first visit and not yet producing antibodies, which gave
the immune system more time to produce higher levels of Ab. There is also the possibility
of multiple exposures to the virus, which would naturally also result in higher levels of
anti-SARS-CoV-2.

It is also possible that the lower prevalence of anti-SARS-CoV-2 antibodies in the first
wave was due to impaired humoral immunity in PLWH, which could have resulted in a
lack of specific antibody production, which in turn could have led to negative results in the
test used in this study. At the same time, there is the possibility that the decreased humoral
and/or cellular responses may have been associated with a less intense inflammatory
response and a reduction in the frequency of symptoms observed.

Comparing our results to the general population, they seem to be consistent with the
observations of other researchers. The “second wave” of the COVID-19 epidemic in Poland
began in September 2020. The results of the study for the general population in Katowice,
Upper Silesia region, Poland showed that the frequency of positive IgG tests was 5.6% in
October 2020 and increased to 15.0% in November 2020 [21].

For an additional comparison, the prevalence of IgG antibodies against SARS-CoV-2
in the general health population of Upper Silesia as of 20 November 2020, calculated in a
group of 5479 subjects, was 22.9% [17].

A seroprevalence study in the PLWH population in Rome indicated that, after the “first
wave” of COVID-19, PLWH were characterized by a lower prevalence of antibodies [22].

Seroprevalence may differ significantly between the populations of individual regions
of Poland. Unfortunately, there are still very few studies describing the prevalence of
anti-SARS-CoV-2 antibodies, especially in the Polish community.

The patients included into this study were treated either with tenofovir disoproxil/
emtricitabine or tenofovir alafenamide/emtricitabine together with integrase inhibitors,
based on the reports from Spain indicating that tenofovir disoproxil, in particular, can
decrease the risk of SARS-CoV-2 infection [23,24]. In addition, tenofovir disoproxil has been
shown to have immunomodulatory effects. In vitro, a decrease in the secretion of IL-8, IL-10,
and MCP-1 in monocytes and mononuclear cells of peripheral blood, as well as an increase
in the synthesis of IL-12 (stimulation of the Th1-dependent reaction), was observed [7–10].
As COVID-19 is associated with the occurrence of an abnormal, excessive inflammatory
reaction, the improvement of the specific immune response to a specific pathogen may
be of significant importance in patients with COVID-19 with an increased inflammatory
reaction [11,12]. At the same time, it should be mentioned that antiretroviral drugs perfuse
into the lungs and other tissues, as has been shown for tenofovir in animals [25,26] and in
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humans [27]. There are also indications that TDF/FTC intake may reduce the viral load
in the nasopharynx, while accelerating the elimination of the virus [28]. Our results do
not confirm those obtained by others. There was no difference between the ratio of SARS-
CoV-2 infection in the groups receiving TDF/FTC or TAF/FTC, although the percentage of
positive results obtained at the two time points was lower than in general population.

It cannot be ruled out that there were patients whose antibody levels, despite infection,
did not exceed the detection level on the day of the test [29–33].

Another probable explanation of the lower anti-SARS-CoV-2 antibody levels in HIV
patients compared with the general population are the broadly neutralizing antibodies
(bnAbs) that are produced in a part of individuals during chronic HIV-1 infection. A
cross-neutralizing activity against SARS-CoV-2 was observed. The SARS-CoV-2 S protein,
similarly to the type I fusion proteins of viruses such as HIV-1 envelope (Env), is highly
glycosylated and may theoretically react with all neutralizing antibodies. Several types
of HIV-1 bnAb exhibited cross-reactivity with SARS-CoV-2, while one HIV-1 bnAb CD4
binding site, N6, neutralized SARS-CoV-2 in in vitro samples [34].

The cellular immune response also plays an important role in SARS-CoV-2 infection. It
has been shown that, in HIV-infected people treated with an effective antiretroviral therapy,
a higher number and activity of CD8 + T cells correlated with a milder course of COVID-19.
At the same time, the lack of this activity in infected patients correlated with a more severe
course of COVID-19. It was also observed that after undergoing COVID-19 in laboratory
tests, patients participating in the study showed an increase in the expansion (activity) of
CD8 + T cells [35].

Finally, the younger age of the study population compared with the general population
may be another explanation for the lower rate of SARS-CoV-2 infection. During the first
and the second wave, mainly older people were suffering from COVID-19.

In the course of this study, we noticed correlations between presence of anti- SARS-
CoV-2 antibodies and the number of CD4 + T cells, CD8 + T cells, and the ratio of CD4 + T
cells to CD8 + T cells. Other studies have also suggested a correlation between the number
of CD4 + T cells and the severity of COVID-19 and mortality [36,37]. At the same time, we
showed no effect of the number of CD4 + T cells, CD8 + T cells, and the ratio of CD4 + T
cells to CD8 + T cells on the level of anti-SARS-CoV-2 IgG antibodies.

HIV viral, age, sex, or type of antiretroviral therapy did not affect the frequency of
infections in the study group. Our observations are consistent with the results of similar
studies carried out around the world [20,38]. However, other researchers noticed the
influence of the type of tenofovir on the course of the infection [27,39,40]. This difference
can be explained by the low number anti-SARS-CoV-2-positive patients. However, on the
other hand, a French study found a similar prevalence of SARS-CoV-2 IgG in PrEP users
and in a matched cohort in the Paris region after the COVID-19 lockdown, suggesting that
TDF/FTC has no role in reducing SARS-CoV-2 acquisition [41].

5. Conclusions

HIV-1-positive patients are not a group at high risk for SARS-CoV-2 infection, as was
suspected at the beginning of pandemic. In many asymptomatic cases, it is impossible to
establish a diagnosis but the coronaviruses can be transmitted to other persons. Further
observations are required to establish the reasons behind the low prevalence of SARS-CoV-2
infection among HIV-infected populations without advanced immune deficiency.

The research group was small, and large-scale studies with larger groups of patients
are needed to obtain better results. There are still very few studies describing the prevalence
of anti-SARS-CoV-2 antibodies, especially in the Polish community.

The very small number of similar studies assessing the presence of anti-SARS-CoV-2
antibodies and their serum levels among the Polish population during this period did not
allow us to compare our results with the situation in the general population of our country
and region.
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