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Objectives: The aim was to investigate if there is synergy in HIV infection and COVID-19 in their influence
on human immunity, if there is an exacerbation of HIV patients’ immune status caused by SARS-CoV-2;
and if HIV infection without antiretroviral therapy (ART) leads to a more serious COVID-19 course than
HIV infection with ART.
Design: Anonymised blood samples and clinical data were collected in 47 hospitals, clinics and medical
centres in six Russian cities/regions in the period from 20 March to 15 June 2020. Three hundred and
seventy-six HIV/COVID-19 patients were studied (171 without ART and 205 with ART). The control group
consisted of 382 SARS-CoV-2-positive patients without HIV infection. Lymphocyte and cytokine amounts
were measured by flow cytometry and ELISA. This work is a retrospective study.
Results: COVID-19 led to rapid augmentation of the process of T-cell exhaustion initially caused by HIV,
and this T cell degradation was most pronounced in patients without ART. A rise in IL-10 and TGFp serum
concentrations was observed. Diminishing CD4"/CD8" cell and Th1/Th2 cell ratios characteristic for HIV
progression were accompanied by a surge in exhausted T cell count with simultaneous exacerbation of
COVID-19-related respiratory distress.
Conclusions: HIV infection without ART may be a very serious comorbidity of COVID-19, whereas
immunity of HIV/COVID-19 patients with proper ART is not generally affected by SARS-CoV-2. HIV-1 and
SARS-CoV-2 are likely to exhibit a synergic effect, and exhausted T lymphocyte dynamics may be its
effective marker.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).

Introduction

Background

From most of the studies of HIV/SARS-CoV-2 co-infection
published thus far, there is still no clear understanding of what may
be regarded as the main disease and what is a comorbidity in the
co-infection. Some research groups, on the basis of investigating

HIV-1 and SARS-CoV-2 co-action in humans is a subject of
growing research interest and clinical importance, including the
problem of searching for the most appropriate and relevant
therapy (Calza et al., 2020; Harter et al., 2020; Mascolo et al., 2020).
Both HIV-1 infection and COVID-19 (which is caused by SARS-CoV-
2) are global pandemics (Patel et al., 2020). As Sassin (2019a,b,
2020) notes, the worldwide spread of both diseases is truly global
and it is a direct consequence of digital-age globalisation with huge
level of cross-border relocation of people, tourist flows and
migration on the scale of the entire planet without any cultural,
religious, national, racial, mental or other boundaries. The
character of the simultaneous effect of these two diseases on
people concerns mainly possible deterioration of the human
immune system (Neidleman et al., 2020; Silva-Arrieta et al., 2020).

https://doi.org/10.1016/j.ijid.2020.10.049

sample sets limited in size, conclude that SARS-CoV-2 infection
doses not aggravate the course of HIV infection in people living
with HIV (PLWH) nor does HIV infection worsen the COVID-19
course (Pinnetti et al., 2020; Schmidt et al., 2020; Shah et al., 2020).
However, there is a contradictory viewpoint. Wang et al. (2020)
recently reported a case of one HIV/COVID-19 patient with a low
CD4* T cell count who had a longer COVID-19 course and lower
antibody amount. Furthermore, it has been found that HIV/SARS-
CoV-2 co-infection may lead to pneumonia complications oftener
than COVID-19 itself (Madge et al., 2020; Okoh et al., 2020). The
ability of HIV/SARS-CoV-2 co-infection to cause excessive T cell
activation has been observed in small sample sets (D’Ettorre et al.,
2020; Gao et al., 2020). Besides, it has been found that severe
symptomatic manifestations of COVID-19 may lead to a more
pronounced T cell response than a mild symptomatic clinical
course (Ho et al., 2020; Mondi et al., 2020).

1201-9712/© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open access article under the CC BY-NC-ND
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Focus

In the current work, we report T cell profiles as well as levels
and lymphocytic producing ability for a number of cytokines
involved in T cell regulation of two groups of PLWH who tested
positive for SARS-CoV-2, with proper antiretroviral therapy (ART)
and without it, as well as a control group of SARS-CoV-2-positive
patients without HIV infection.

Specific purpose

The major purpose of the study was to find out on the basis of
the T cell counts and cytokine amounts/production detected

1. if there is synergy in HIV infection and COVID-19 in their
influence on human immunity;

if there is an exacerbation of HIV patients’ immune status
caused by SARS-CoV-2; and

if HIV infection without ART leads to a more serious COVID-19
course than HIV infection with proper ART.

2.

3.

Methods
Participants

Three hundred and seventy-six PLWH who tested positive for
SARS-CoV-2 constituted group 1 (without ART, 171 persons, 22-67
years old) and group 2 (with ART, 205 persons, 18-58 years old).
ART was suspended during the COVID-19 pandemic due to
antiretroviral medication shortages in group 1 (ART interruption
of 1.5-6.5 months, with a median of 3.5 months) but was properly
continued in group 2. Group 3 (control group) was represented by
382 SARS-CoV-2-positive persons without HIV infection. Group 3
was composed in such a way to match the demographics (age, sex,
social strata, habits) and clinical data (comorbidities, COVID-19
severity) of groups 1 and 2 as closely as possible. No asymptomatic
SARS-CoV-2 carriers were considered in the current research.

Geographical distribution

The information was collected in 47 hospitals, clinics and
medical centres in six Russian regions studied in the current
research (Moscow, Moscow region, St Petersburg, Nizhny Nov-
gorod, Murmansk, Krasnodar). The number of PLWH positive for
SARS-CoV-2 and residing in the six aforementioned Russian
regions was some 3000-3500 persons. This figure can be obtained
by multiplying official statistics for PLWH in these regions
published by the Russian Statistical Agency (Rosstat) by the
average population infection rate measured by us for these regions.
Such a method has some deficiencies. First, we assume that the
population infection rate in the PLWH group is the same as in the
general population, but that can be an incorrect or not always
correct premise. Second, official governmental statistics do not
count positive results of anonymised HIV tests, as according to
Russian law, medical centres and clinics have a right not to disclose
the results of such tests taken on an anonymous basis. However,
despite the flaws described, such a simple approach allows us to
estimate the overall number of PLWH in different geographical
regions in Russia, at least roughly.

Time of study

The work was conducted from 20 March to 15 June 2020.
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Ethical guidelines

Reporting of the study conforms to broad EQUATOR and
STROBE-NI cohort study guidelines. No identifying information
accompanied the clinical data. In hospitals, government-spon-
sored medical centres and private clinics involved in treating the
patients or surveillance, written informed consent for use of
anonymised data for scientific research and publications was
obtained from every patient/carrier concerned. All written
informed consent forms duly signed are kept in the hospitals,
clinics and medical centres. The Ethical Committee of Koltzov
Institute of Developmental Biology of the Russian Academy of
Sciences gave its approval for the conduct of the study (protocol no.
39100920).

Type of study

The study was not a randomised controlled clinical trial.
Immune status detection and other relevant measurements were
performed retrospectively.

Flow cytometry

Flow immunofluorocytometry (MACSQuant® Analyzer 16 flow
cytometer, Miltenyi Biotec, Bergisch Gladbach, Germany) with
necessary Miltenyi Biotec and Vector reagents and kits was used to
perform immunological cell blood analyses. For isolation/detection
of T Kkiller cells, a MACSxpress® CD8 T Cell Isolation Kit was used
and the presence/absence of specific markers (CD27-, CD28-,
CD45RA*, PRF1™) was checked during flow cytometry. For Th1
cells a MACSxpress® CD4 T Cell Isolation Kit and an IFN+y Secretion
Assay — Cell Enrichment and Detection Kit were used. For Th2 cells
a Miltenyi® CD294 MicroBead Kit and an IL-4 Secretion Assay —
Cell Enrichment and Detection Kit were used. For Th17 cells a
Miltenyi® IL-17 Secretion Assay — Cell Enrichment and Detection
Kit was used. For central memory CD4" T cells a Miltenyi® CD4*
Central Memory T Cell Isolation Kit was used. For effector memory
CD4" T cells a Miltenyi® CD4" Effector Memory T Cell Isolation Kit
was used. For effector memory RA T cells a Miltenyi®
CD4*CD45RA" Effector T Cell Isolation Kit was used. For CD4"
naive lymphocytes a Miltenyi® Naive CD4" T Cell Isolation Kit II
and a CD4" T Cell Isolation Kit were used. For exhausted T cells
Vector® PD1 and TIM-3 isolation kits were used.

Cytokine amount measurements

IFN+y was detected by the ELISA technique with ELISA kits from
PanEco (Moscow, Russia). For IFNy production, phytohaemagglu-
tinin was used as the mitogen. Protection of monolayer cell culture
against vesicular stomatitis virus by interferon was investigated.
IL-2, IL-10, TNFa and TGFp levels were measured by the ELISA
technique with ELISA kits from Protein Contour (St Petersburg,
Russia).

Respiratory score

Usually, the PaO,/Fi0, ratio is used as an indicator of respiratory
distress. We found that use of an overall respiratory score (RS)
instead may give a better result, since RS also concerns respiratory
frequency (respiratory rate) and SpO, besides the PaO,/FiO, ratio.

We define RS

1000

RS = Pa0,/FiO, ratio

+ (100 — Sp0,) + (RR — 20),
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where RR is the respiratory rate (per minute). Therefore, normal bronchiolitis, pulmonary embolism, etc. The respiratory score
values of such an indicator will be approximately in the 0-4 range, was calculated without reference to asymptomatic patients in all
and more rarely in the 0-5 range. Higher values will indicate groups of patients. For group 1, RS up to 48 was observed (severe
respiratory  distress caused by pneumonia, bronchitis, acute respiratory distress syndrome, severe respiratory failure of
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Figure 1. T lymphocyte response to HIV/SARS-CoV-2 co-infection. The onset of COVID-19 symptoms is taken as the starting point. The confidence interval is 95%. Whiskers
show the standard error of mean. (A) Dynamics of Th1 cell [distinctive membrane phenotype CD3*CD4"CD94"CD183 (CXCR3)*CD195 (CCR5)*CCR3"CCR4™CXCR4™] count in
serum. (B) Dynamics of T killer cells [CD3"CD8"CD45RA*CD27-CD28 CCR7-CD178 (FasL)'CD107a (LAMP-1)"IFNy**GZMB"*PRF1**] count in serum. (C) Dynamics of CD4"/
CD8" ratio. (D) Distribution of exhausted T cells (distinctive cytometry markers PD1 and TIM-3) and dynamics of exhausted T cell count in serum (count versus percentage of
patients). (E) Relationship between exhausted T cell count in serum and respiratory score (see the “Methods” section for a detailed description). (F) Change of composition of
CD4" T cells in serum between the states at the beginning of COVID-19 (1-2 days), during the disease (1 week) and after it (4 weeks): 1, Th1 cells (distinctive membrane
phenotype see above); 2, Th2 cells [CD3*CD4*CD193 (CCR3)*CD194 (CCR4)*CD184 (CXCR4)*]; 3, Th17 cells [CD3*CD4*CD161*CD194 (CCR4)*CD196 (CCR6)*]; 4, CD4* naive
lymphocytes [CD3*CD4*CD27*CD28* CD45RA* CD45RO~CD127* CD197 (CCR7)*]; 5, CD4* regulatory T cells [CD3*CD4*CD27*CD25*CD152 (CTLA-4)*CD127'°“FOXP3*]; 6, CD4*
memory T cells [CD3*CD4"CD95" T cells, detected as central memory CD27°CD28*CD57 CD62L*CD127°CD197 (CCR7)* T cells, effector memory CD28-CD57"CD62L"CD197
(CCR7)" Tcells and effector memory CD27-CD28 CD57*CD62L"CD127"CD197 (CCR7) CD45R0O"CD45RA" lymphocytes]. The Th1/Th2 cell ratio is provided in the centres of the
corresponding doughnuts.
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type I). Patients with high RS values, usually more than 25, required
mechanical ventilator oxygenation or extracorporeal membrane
oxygenation. For group 2, RS of 18.6 was observed as the highest
value. Such patients required neither mechanical oxygenation nor
extracorporeal membrane oxygenation. Instead, for some of them,
non-invasive oxygenation was used to reduce RS and prevent
severe respiratory distress.

Statistical treatment

OriginLab Origin 8.1 Pro was used for statistical calculations and
visualisation.
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Results and discussion
T cell response

Figure 1 shows the T cell profiles in the case of HIV/SARS-Cov-2
co-infection. The dynamics of CD4" Th1 cells (Figure 1A) and CD8*
T killer cells, or effector cytotoxic lymphocytes (Figure 1B), shows
that SARS-CoV-2-positive patients without HIV infection exhibit a
more effective and powerful T cell response to the pathogen. The
weakest response was found in cases of HIV/SARS-CoV-2 co-
infection without ART (dark blue lines). A clear reduction of the
CD4"/CD8" ratio was observed for group 1, with the minimum
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Figure 2. Dynamics of serum concentrations and induced lymphocytic production of certain cytokines. COVID-19 symptom onset is taken as the starting point. The
confidence interval is 95%. Whiskers show the standard error of mean. (A) IL-2 serum amounts. (B) IL-2 production by lymphocytes. Mitogen: phytohaemagglutinin (10 g/
ml); 2.5 x 108 cells/ml; 24 h of exposure. (C) Percentage of T lymphocytes capable of producing IL-2. (D) Production ability of T cells with regard to IL-2, TNFa and IFNv. (E) IL-
10 serum amounts. (F) TGFp1 serum amounts.
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achieved in nearly 2 weeks from the symptomatic onset of COVID-
19 (Figure 1C). From the third week of the COVID-19 course, a
further decrease in the CD4*/CD8" ratio (in some cases down to
0.015) with large probability led to significant aggravation of a
patient’s condition and sometimes death. From that time, further
negative dynamics was detected for lethal cases (7 of 171
participants, case fatality rate 4.09%) and positive dynamics of
the CD4"/CD8" ratio for the convalescent cohort of group 1. Arise in
the CD4*/CD8" ratio from the third week usually led to faster
recovery from COVID-19.

AIDS-defining events

A CD4" count below 200 1/l (which is the usual cut-off for
commencing Pneumocystis pneumonia prophylaxis and talking of
increased risk of AIDS-defining events) became apparent in 16
patients from group 1 during the COVID-19 course. This potentially
could open wide prospects for the occurrence of AIDS-defining
events in such HIV/COVID-19 patients (recurrent bacterial, viral,
fungal or protozoan pneumonia, or more specifically the fungal
infections Pneumocystis carinii-associated pneumonia or Histo-
plasma capsulatum-related disease). In group 1, before diagnosis of
COVID-19, Pneumocystis pneumonia was diagnosed in four patients
(2.34%) and histoplasmosis was diagnosed in one patient (0.58%).
COVID-19 did not add to these numbers, but led to many secondary
bacterial pneumonia co-infections (42 cases of 70 pneumonia),
with Haemophilus influenzae, Moraxella catarrhalis and Legionella
pneumophila being the most common (12, 9 and 7 of 42 cases,
respectively). Of seven deaths registered in group 1, all patients had
bacterial pneumonias and most patients had an absolute CD4"
count less than 200 1/pl. Therefore, one can assume that the
deaths were connected mainly to AIDS-defining events. The AIDS-
defining events in patients from group 1 were not caused by SARS-
CoV-2. SARS-CoV-2 induced impairment of the condition of
untreated HIV patients.

T cell exhaustion

A close relationship between HIV infection progress and the
process of T lymphocyte exhaustion has been repeatedly described
in the literature (Blank et al., 2019; Wherry, 2011; Yi et al., 2010).
We detected exhausted T cells by their most common specific
markers PD1 and TIM-3, although sometimes different markers are
used. The surge in exhausted T cell count detected by us for group 1,
at 2 weeks from COVID-19 onset (Figure 1D), is probably related to
SARS-CoV-2 synergic action with HIV, not just HIV infection
progress, as one may observe a drop in exhausted T cells for a
longer time (possibly, due to their gradual apoptosis in PLWH after
COVID-19). A negligibly small level of T cell exhaustion was
detected for group 3. In Figure 1E, we may observe that severe
COVID-19 cases with pronounced respiratory distress (high values
of RS) are also associated with high level of T lymphocyte
exhaustion.

Th1/Th2 cell ratio

In Figure 1F, one can see that the Th1/Th2 cell ratio decreases
in group 1 (left column) during the COVID-19 course along with a
diminishing CD4*/CD8" ratio. It remains lower after COVID-19
than before the disease, while for groups 2 and 3 there is no such
tendency. Besides, we can also discern from Figure 1F, that T
helper cell activation from CD4" naive lymphocytes and
proliferation are much more effective for PLWH with ART, to
say nothing of people without HIV infection, in comparison with
patients in group 1.
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Overall cytokine dynamics

The results of the cytokine dynamics study are presented in
Figure 2. The cytokines IL-2, TNFa, IFNv, IL-10 and TGFg1, which are
deemed to be closely connected with PLWH immunity degradation
(Pett et al., 2010; Rich et al., 2019; Yarilin, 2010), were investigated.

Inflammatory cytokines

We found that SARS-CoV-2 might exacerbate the process of T
cell exhaustion by decreasing the capability of T cells to produce
sufficient amounts of IL-2, TNFa and IFNvy (Figure 2A-D). These
inflammatory cytokines are involved in regulation of T cell
activation and sustaining many T cell subpopulations. They may
be regarded as very important factors of T cell response in people
with HIV/SARS-CoV-2 co-infection. The temporal changes in IL-2
serum amounts are presented in Figure 2. TNFa and IFNvy serum
amount dynamics were strongly correlated with IL-2 (Table 1). Free
serum concentrations of all three cytokines were substantially
lower in PLWH without ART (group 1, blue line for IL-2). SARS-COV-
2 infection led to an increase in the serum amounts of the three
cytokines, with the return to pre-COVID values approximately in
the eighth week from COVID-19 onset. IL-2, TNFa and IFN+y induced
lymphocytic production was also suppressed in patients from
group 1 in comparison with groups 2 and 3 (Figure 2B). The
correlation coefficients for patients in group 1 are provided in
Table 2.

Connection of T cell exhaustion with inflammatory cytokine levels

Exhausted T cells are known to lose their ability to produce IL-2,
TNFa and IFNvy during the process of their exhaustion. At first, T
cells stop synthesising IL-2, then TNFa and finally IFN+y (Blank et al.,
2019; Wherry, 2011). Our results indicate that HIV/SARS-CoV-2 co-
infection augments the process of T cell exhaustion. Figure 2C
shows both a comparison between the groups of patients and the
time dynamics within the groups, with the quantity of IL-2-
producing T cells being the marker of exhaustion. It may be
observed that the percentage of T cells incapable of producing IL-2
in sufficient amounts grows with the COVID-19 progress for group
1 only, while groups 2 and 3 do not exhibit such a trend. Figure 2D
further explicates the composition and time dynamics of
exhausted T cells during SARS-CoV-2 infection. Both the initial
count of exhausted T cells and the dynamics of exhaustion were
much greater in group 1.

Immunosuppressive cytokines

Elevated serum concentrations of the immunosuppressive
cytokines IL-10 and TGFp in groups 1 and 2 with maximums at
around 4 weeks after COVID-19 onset (Figure 2E and F) may have
increased T cell exhaustion further. IL-10 and TGFg serum amounts
have been reported to be higher in PLWH than in the general
population (D’Ettorre et al., 2020; Ho et al., 2020; Yarilin, 2010). In
our study, we observed higher pre-COVID-19 amounts of IL-10 and
TGFB and their more pronounced growth during the COVID-19

Table 1

Correlation between dynamics of free serum amounts of IL-2, TNFa and IFNy of
group 1 patients (Pearson correlation coefficients and corresponding levels of
significance).

IL-2 TNFa IFNy
IL-2 0.8447 0.7215
TNF« p = 0.0821 0.7862
IFNy p = 0.1638 p = 0.1207
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Table 2

Correlation between dynamics of IL-2, TNFa and IFNy lymphocytic producing
ability of group 1 patients (Pearson correlation coefficients and corresponding
levels of significance).

IL-2 TNFa IFNy
IL-2 0.9023 0.8735
TNFa p = 0.0150 0.8947
IFNy p = 0.0726 p =0.0533

course in group 1 than in group 2 or especially group 3 (Figure 2E
and F). That may indicate a weaker immune response to acute
SARS-CoV-2 infection in patients in group 1 than in group 2 or
group 3. IL-10 and TGFp time dynamics were well correlated, with
the Pearson correlation coefficient being 0.8835 at p = 0.008349.

Conclusions

Our study proves that HIV infection without ART can be a
dangerous comorbidity of COVID-19, while PLWH with ART do not
generally suffer from additional immunity deterioration that may
be associated with SARS-CoV-2 infection.

Studying 30 patients with HIV/SARS-CoV-2 co-infection, a
research team from Bichat-Claude Bernard University Hospital
(Paris, France) deduced recently that HIV infection is probably not
an independent risk factor for COVID-19 (Isernia et al., 2020). We
support their view strongly, with the proviso that HIV is
virologically suppressed with proper ART, HIV viral load in serum
is less than 50 copies per millilitre and the CD4" lymphocyte count
is higher than 500 1/p.l. Indeed, in such a patient, as we observed in
our investigation, HIV infection does not represent a serious
COVID-19 comorbidity statistically, whereas SARS-CoV-2 infection
does not influence the immunity of such a patient more than the
immunity of the general population. However, if ART interruption
lasts for 2-3 months and especially 6 months or more, HIV
infection may become a very dangerous risk factor for poor COVID-
19 clinical course and outcome. Therefore, providing proper ART to
PLWH during the COVID-19 pandemic is crucial for healthcare
systems around the world (Nakamoto et al., 2020; Patel et al., 2020;
Sharov, 2020a,b). The healthcare systems must be sustained by
governmental actions aimed at prevention of pharmaceutical
supply chain disruptions, as in a truly global society such
disruptions may cause tremendous harm to the world population
(Donskikh, 2019; Etienne et al., 2020; Guo et al., 2020; Lysenko,
2019; Moskovkin, 2020).HIV-1 and SARS-CoV-2 are likely to
exhibit a synergic effect. The levels and time dynamics of (1)
exhausted T lymphocyte count in serum, (2) IL-2, TNFa and IFNvy
serum amounts, (3) IL-2, TNFa and IFN+vy lymphocytic producing
capability, and (4) IL-10 and TGFB serum amounts during the
COVID-19 course may be an effective complex prognostic marker
of this synergy.
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