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ABSTRACT

Aim COVID-19 pandemic caused by SARS-CoV-2 is spreading
throughout the world affecting both healthy individuals and people
with underlying immune-deficiencies. People living with human
immunodeficiency virus (HIV) consist a group multiply affected
by this universal crisis.

Methods Literature search aiming to identify relevant publicati-
ons referring to the consequences of the COVID-19 pandemic in
HIV infected population.

Results A body of literature is rapidly growing in regard to epide-
miological data, the interaction between HIV and SARS-CoV-2,
and clinical outcome in people living with HIV. Intensive resear-
ch is warranted to identify any interactions of the co-existence of
the two viruses in the immune system of HIV infected patients as
common pathophysiology and molecular aspects are recognized.
Human relations are diminished as a result of the social measures,
and detailed recording of the consequences in this population is
needed.

Conclusion Further research could shed light on the common un-
derlying molecular mechanisms of both conditions in an attempt to
discover treatment regimens for SARS-CoV-2 infection.
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INTRODUCTION

In December 2019 the first case of a respiratory
tract infection due to the novel SARS-CoV-2 was
reported in the city of Wuhan, China (1). Ever sin-
ce this novel virus that is classified as a member of
the Corona viridae family (2) has spread all over
the world causing a pandemic that has affected
approximately 62 million patients and resulting
at the time of this writing in almost 5 million de-
aths according to the World Health Organization
(1). SARS- CoV-2 pandemic has been considered,
especially due to many asymptomatic hosts and
its high transmissibility, a major cause of morta-
lity, especially for older people, those with severe
comorbidities or a compromised immune system
(3). However, the SARS- CoV 2 pandemic is not
the last one that the mankind has experienced, the
infection caused by the human immunodeficiency
virus (HIV) is still ongoing with devastating con-
sequences. Because of the fact that HIV targets
directly CD4 (+) lymphocytes, the infected hosts
experience a significant reduction of their immune
system function (2). The treatment and follow-up
of these patients, who would be of higher risk of a
severe disease and death due to a potential SARS-
CoV2 infection, have been a challenge for health
systems all around the globe (4).

The aim of this research was to summarize the
existing literature regarding clinical features and
outcome of people living with HIV (PLWH) who
had been infected with SARS-CoV-2. Furthermo-
re, the aim was to highlight the existing common
clinical and pathophysiological features of both
viruses and discuss the way the current SARS-
CoV-2 pandemic has affected the management
and follow-up of PLWH.

MATERIALS AND METHODS

Materials and study design

We conducted a literature search aiming to iden-
tify relevant publications referring to the con-
sequences of the COVID-19 pandemic in HIV
infected population: HIV and SARS-CoV-2 co-
infection, epidemiology and clinical outcomes,
common pathophysiology and molecular aspects,
effects of the SARS- CoV-2 pandemic on the ma-
nagement of PLWH, the role of antiretroviral the-
rapy (ART) in Covid-19 treatment, and SARS-
CoV-2 vaccine and PLWH.

Methods

A PubMed/Medline search was conducted ai-
ming to identify all relevant publications when
the terms “COVID-19 and HIV”, “COVID and
AIDS”, “SARS-CoV-2 and HIV” and “CO-
VID-19 and HIV review” from December 2019
to March 2021 were used. All types of publica-
tions were enrolled, also additional references
were searched for related studies and only En-
glish written articles were finally enrolled.

RESULTS

The vast majority of PLWH reportedly infected
with SARS-CoV-2 in the searched registries,
ranging from 50% to approximately 80%, were
males. In addition to this, the majority of PLWH
reaching the emergency room (ER) because of
SARS-CoV-2 infection was admitted for further
intra-hospital management (from about 50% to
70%). Most PLWH were reported to have co-
morbidities related to metabolic syndrome, car-
diovascular disease and chronic obstructive pul-
monary disease (COPD).

Little evidence has been published about pre-exi-
sting co-infection with hepatitis B virus (HBV),
hepatitis B virus (HCV), or tuberculosis (TB).
According to the searched publications, in about
3 out of 4 patients in average the main complaint
was related to symptoms of a respiratory infec-
tion (fever, cough, dyspnoea and/or documented
infiltration in chest x-rays or CT scans). Loss of
taste and smell was observed only in very few
patients.

Overall, about 90% of the patients in average
clinically improved and were therefore relea-
sed, and intensive care unit (ICU) admission
was required in approximately 10% of patients.
A death rate was less than 10% in all researched
publications (Table 1).

DISCUSSION

HIV and SARS-CoV-2 co-infection: epidemio-
logy and clinical outcomes

Our results showed that a few hundred cases
(approximately 400) of PLWH infected with
SARS-CoV-2 have been reported worldwide
(5-7)Scopus, and Web of Science for case re-
ports and case series about COVID-19 in HIV
patients. We finally reviewed 20 case reports
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Table 1. Co-morbidities and clinical outcomes of people leaving with human immunodeficiency virus infected with COVID-19

No. of patients
(males/females)
(mean age in years)

Clinical outcome
(No. / % of patients)

Clinical features
(No. of patients)

Co-morbidities
(No. or % of patients)

Publication

Hyperlipidaemia (15), HT (14),
HBV/HCV co-infection (5), DM Fever (41), cough (23), dyspnoea
(2), CVD (2), COPD (2), cancer  (10), diarrhoea (10), myalgia (3),
(3), CKD (4), epilepsy (2), headache (2)
organ transplant (1)

HT (10), COPD (6), DM (6),

Hospitalization 13 (need for
oxygen supply mechanical
ventilation 6/13), fully
recovered 45

Geravsoni et al., 2020 47 (36/ 11) (51)

Cough (25), fever (22), headache (7), 1oSPitalization (14), ICU

Harter et al., 2020 33(30/3) (48) 3 CVD (3), CKD (2), HBV/HCV . . . admission (6), deaths (3),
co-infection (6) anosmia (6), arthralgia/myalga (7) fully recovered (30)

Hospitalization (151), ICU

Del Amo et al., 2020 236 (204/32) No data available No data available admission (15), death (20),

fully recovered (216)

HT (46.5), obesity (32.3), DM Cough (205), fever (198), fatigue
(21.3), overall co-morbidities (140)
existing at 80.3% of patient abnormal CXR findings (150), abnor-
sample mal chest CT scan findings (38)

Anosmia (2), diarrhoea (18), headac-
Autoimmune conditions (4), he (17), fever (61), hypotension (5),
cancer (8), DM (32), CVD cough (71), hypoxia (SO2< 92%)
(17), HT (49), CKD (23), organ  (43), myalgia (33), dyspnoea (33),
transplantation (5) nose congestion (13), sore throat
(13), altered mental status (13)

HT (2), DM (8), CVD (2), Cough (21), dyspnoea (20), diarrhoea
COPD (4), asthma (3), CKD (2),(10), headache (3), myalgia (4), fever
heart failure (1), HBV/ HCV co- (17), anosmia (1), loss of taste (2),

infection (7) nausea/ vomiting (5), chest pain (3)

Fever (32/43), cough (29/43),
diarrhoea (9/43), headache (8/43),
dyspnoea (16), hypoxia (2), tachycar-
dia (11), fatigue (5), vomiting (2),
myalgia (5), anosmia (1), loss of
taste (1)

Hospital admission (164),
ICU admission (47), deaths
(27), deaths in ICU (24)

Dandachi et al., 2020 286 (212/74), (51.4)

Release directly from ER
(21), hospital admission
(72), ICU admission (19)

Hsien Ho et al., 2020 93 (58)

Stoeckle et al., 2020 30 (60.5) No data published

CVD/COPD (25), DM (9), atri-
al fibrillation (3), hypertensive
nephropathy (14)

Morani et al., 2020 43 (51.56) Recovered (37), death (6)

HT (19), CVD (19.7), DM
(9.5), obesity (13), smokers,
ex- smokers

Hospital admission (1/3),
ICU admission 3.17%,
overall death rate 3.17%

Fever (66.5), cough (66.1), dyspnoea

Cabello et al., 2020 (46.8)

63 (88.9% males)

HT, hypertension; HBV/HCYV, hepatitis B/C; CVD, cardiovascular disease; DM, diabetes mellitus; COPD, chronic obstructive pulmonary disease;
CKD, chronic kidney disease; ICU, intensive care unit; CXR, chest X- ray; ER, emergency room;

including cases of 43 patients with HIV and CO-
VID-19. The mean age of 43 adult patients was
51.56 + 27.56 years (range 24—76 years. This fi-
gure might not be indicative of the actual spread
of SARS-CoV-2 among PLWH, given the fact
that, according to the latest estimates, almost 39
million people have been infected with HIV (8,9)
with devastating effects on individuals, commu-
nities, and societies across the world. People with
chronic health conditions may be at greater risk
of contracting or experiencing complications
from COVID-19. In addition to illness or death
for those who contract the virus, the physical dis-
tancing required to flatten the curve of new ca-
ses is having a negative impact on the economy,
the effects of which intersect with mental health
and other existing health concerns, thus affecting
marginalized communities. Given that HIV also
has a disproportionate impact on marginalized

communities, COVID-19 is affecting people
with HIV (PWH, and the majority of published
cases comes mostly from developed countries
(10,13,such as people living with HIV/AIDS
(PLWHA14) and not from the areas that have
been severely hit by the HIV pandemic, in par-
ticular from sub-Saharan countries (5-7, 10,15)
such as people living with HIV/AIDS (PLWHA.

Initially it was hypothesized that PLWH might
have better clinical outcomes compared to non—
HIV infected people, based on the assumption
that due to the damage on cellular immunity
the patients would probably not experience the
immune over-activation (16) that leads to uncon-
trolled release of cytokines, that is the main cause
of acute respiratory distress syndrome (ARDS)
and/or organ dysfunction in critically ill SARS-
CoV-2 patients (17). However, the existing clini-
cal data have shown quite a different effect.
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Overall possibility of being infected with SARS-
CoV-2 has not been significantly different between
PLWH and the patients suffering from other disea-
ses (5,6,18). In detail, studies coming from Europe
and the USA suggest that PLWH are not at greater
risk of being infected with SARS-CoV-2 (19,20)
or having more severe clinical features, although
a large study from South Africa suggests that the
possibility of contracting SARS-CoV-2 could be
slightly greater for PLWH in comparison to other
people. Similarly, to the non-HIV infected patients,
age, male sex and the existence of comorbidities
are associated with an increased risk of more seve-
re clinical manifestations and death. In particular,
among PLWH an increased incidence of mortality
due to cardiovascular disease has been noticed (5).
Interestingly, PLWH infected with SARS-CoV-2
experienced overall less sense of dyspnoea and did
not experience lower oxygen saturation measured
with pulse oximetry (5,6). Moreover, as it has been
noticed in immune compromised patients (21),
mortality of PLWH infected with SARS-CoV-2 is
higher compared to the non-HIV infected patients
with SARS-CoV-2 (13,22,23). A co-infection with
SARS-CoV-2 led to further reduction of the CD4
(+) cell count, probably due to synergistic activity
of’both viruses (5,24,25), also on some occasions an
increase in the appearance of the “exhausted lymp-
hocytes” phenomenon has been observed. Both
situations are considered to be negative prognostic
factors associated with worst clinical outcome (26).

SARS-CoV-2 can be transmitted from one host
mainly through droplets originating from the
upper and/or lower respiratory system in order to
infect other people (27,28); airborne transmissi-
on is also considered as a possible way of SARS-
CoV-2 transmission on some occasions (27). On
the other hand, HIV is known to be transmitted
either through sexual contact, injury by infected
sharp objects such as needles and/or through con-
tact with infected blood (29). The latter appears
to be the main reason why HIV can be transmitted
vertically, from mother to foetus (28-30). Howe-
ver, SARS-CoV-2 has proven also to be verti-
cally transmitted from mother to foetus/newborn
child on a few occasions (31). The existing lite-
rature does not provide any explanation about the
causes and/or the underlying mechanism. It has
been reported that SARS-CoV-2 has been detec-
ted in blood samples from infected patients, and

that viremia in SARS-CoV-2 infection is associa-
ted with a worse clinical outcome overall (32).
However, no blood-borne SARS-CoV-2 infec-
tion has ever been reported after transfusion of
blood from initially asymptomatic SARS-CoV-2
patients to other patients (33,34). Since the te-
sting of donated blood for SARS-CoV-2 RNA is
not suggested by the existing guidelines (33,35),
it is unclear if SARS-CoV-2 can be transmitted
through infected blood like HIV, because so far
only a few such cases have been published (36).

An increased viral load of HIV and not taking
any anti-retroviral medication are considered
negative factors regarding the clinical outcome
of PLWH suffering from SARS-COV2 infecti-
on (6). Furthermore, a decrease in CD4 (+) cell
count was associated with worse clinical course
of the SARS-CoV-2 co-infection (5,6,37,38)Sco-
pus, Web of Science, Embase, preprint databases,
and Google Scholar from December 01, 2019, to
June 1, 2020. From an initial 547 publications
and 75 reports, 25 studies provided specific infor-
mation on COVID-19 patients living with HIV.
Studies described 252 patients, 80.9% were male,
the mean age was 52.7 years, and 98% were on
antiretroviral treatment (ART. PLWH receiving
antiretroviral treatment (ART), and in particular
tenofovir and emtricitabine had better clinical
outcomes and the need for hospital admission
was lower compared to PLWH receiving other
kinds of treatment (39).

HIV and SARS-CoV-2 co-infection: common
pathophysiology and molecular aspects

In both HIV and SARS-CoV-2 infections a sud-
den and extreme rise in the serum concentration
of inflammatory cytokines, known as “cytokine
storm”, has been observed (40,41). On both occa-
sions cytokine storm is associated with more se-
vere clinical features (23,40), and particularly in
COVID-19 it is considered the main factor that
causes ARDS and multi-organ failure, leading to
increased mortality (23,41). Some studies pro-
pose the IL-6 as the main inducer (or amplifier)
of the cytokine storm. The chemokine receptor
CCRS, which has been studied extensively du-
ring the AIDS pandemic because it functions as
the receptor — gateway to HIV in its host cell,
appears to have also a critical role in inducing
cytokine storm; it could possibly be a therapeu-
tic target for SARS-CoV-2 infection as well (17).
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Its main action is by reducing the impact or even
prevent the initiation of a cytokine storm. In this
context the knowledge about the structure and
the polymorphism of the gene of CCRS5 that has
been acquired during HIV research could be of
great value for COVID-19 as well (42,43)which,
in turn, influences HIV infection acquisition and
subsequent disease progression. Among these
polymorphisms, a 32-bp deletion in the CCRS5
open reading frame (CCRS5 A32.

HIV targets lymph cells and in particular CD4 (+)
cells, resulting in reduction in the overall lymph
cell count (lymphopenia) and an impaired function
of the entire immune system. Decreased number
of lymphocytes has also been reported in SARS-
CoV-2 infection (44) and it is associated with a
more severe clinical outcome. In SARS-CoV-2
infection CD&(+) cells are particularly reduced
and their increase is considered as an indication of
clinical improvement (45,46). The exact mecha-
nism under which SARS-CoV-2 causes lympho-
penia is still under investigation. On many occa-
sions lymph cell exhaustion has been observed
after the prolonged overexposure of lymph cells
to the increased concentrations of inflammatory
cytokines in serum, leading to the detection of
cell — death markers in the surface of lymph cells.
Furthermore, it has also been hypothesized that
SARS-CoV-2 could directly enter lymph cells and
induce their destruction or that could also infiltra-
te and have a toxic effect in lymph nodes and the
spleen (26,44). Overall, it is estimated that HIV
and SARS-CoV-2 might act synergistically and
further reduce the number of lymph cells.

Both infections of HIV and SARS-CoV-2 are
characterized by an increased incidence of
thrombus formation, resulting in the creation of
thrombotic emboli that need further anticoagu-
lation treatment and/or prophylaxis (47,48). The
creation of thrombus emboli is often associated
with the number of CD4 (+) cells, and the risk of
thrombosis increases as the CD 4 (+) cell count
decreases (49,50)and to assess the correlation of
thrombosis with the degree of immunosuppressi-
on as well as the association with active illnesses
and neoplasms, we reviewed the charts of 131
patients, which include all the patients with the
diagnosis of HIV admitted or seen in the clinic
between January 1, 1993, and January 1, 1998.
The diagnosis of thrombosis was based on docu-

mented reports of venous plethysmography or ve-
nography for deep venous thrombosis and venti-
lation-perfusion scan or pulmonary angiography
for pulmonary embolus. Risk factors for throm-
botic disease were evaluated including general
risk factors such as family history, ambulatory
status, medications, and data were also collected
regarding CD4 cell counts and the presence of
concurrent or remote opportunistic infections,
acquired immune deficiency syndrome (AIDS.
Their creation is caused by a multitude of factors,
since multiple defects in the innate anti- thrombo-
tic system have been detected, most notably the
circulation of auto-antibodies such as anti-phos-
pholipid antibodies and dysfunction in the for-
mation of thrombin (51). Although in COVID-19
autoantibodies have been detected (52), the main
reason for increased clot formation appears to be
the tissue factor up regulation (53)venous throm-
boembolic disease, and stroke. Importantly,
thrombotic complications are markers of severe
COVID-19 and are associated with multiorgan
failure and increased mortality. The evidence to
date supports the concept that the thrombotic
manifestations of severe COVID-19 are due to
the ability of SARS-CoV-2 to invade endothelial
cells via ACE-2 (angiotensin-converting enzyme
2, similarly to HIV infection, as a result of the
over-production and release of inflammatory
cytokines and the subsequent endothelial cell
damage and activation. All of the above appears
to lead to the formation of thrombus emboli re-
sulting in obstruction phenomena in the micro-
vascular and the capillary network of the lung as
part of the ARDS pathophysiology in COVID-19
(26,47). Up to date no data regarding the inci-
dence of thrombosis specifically in SARS-CoV-2
infection in PLWH have been published altho-
ugh in literature similarities regarding common
pathways of pathogenesis of thrombosis in both
HIV and SARS-CoV-2 infections have been des-
cribed (53)venous thromboembolic disease, and
stroke. Importantly, thrombotic complications
are markers of severe COVID-19 and are asso-
ciated with multiorgan failure and increased mor-
tality. The evidence to date supports the concept
that the thrombotic manifestations of severe CO-
VID-19 are due to the ability of SARS-CoV-2 to
invade endothelial cells via ACE-2 (angiotensin-
converting enzyme 2.
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Effects of the SARS-CoV-2 pandemic on the
management of people living with HIV(PLWH)

Since its first appearance in China SARS-CoV-2
has caused a crisis that has affected the manage-
ment of people with chronic diseases. Based
on data coming from the United Kingdom and
China (8,9with devastating effects on individu-
als, communities, and societies across the world.
People with chronic health conditions may be at
greater risk of contracting or experiencing compli-
cations from COVID-19. In addition to illness or
death for those who contract the virus, the physi-
cal distancing required to flatten the curve of new
cases is having a negative impact on the economy,
the effects of which intersect with mental health
and other existing health concerns, thus affecting
marginalized communities. Given that HIV also
has a disproportionate impact on marginalized
communities, COVID-19 is affecting people with
HIV (PWH,54), PLWH have experienced restric-
ted access to lab testing as part of their follow up, to
obtaining their necessary antiretroviral treatment,
also the initiation of ART has been delayed on
many occasions (8,9,54)with devastating effects
on individuals, communities, and societies across
the world. People with chronic health conditions
may be at greater risk of contracting or experien-
cing complications from COVID-19. In addition
to illness or death for those who contract the virus,
the physical distancing required to flatten the cur-
ve of new cases is having a negative impact on the
economy, the effects of which intersect with men-
tal health and other existing health concerns, thus
affecting marginalized communities. Given that
HIV also has a disproportionate impact on margi-
nalized communities, COVID-19 is affecting peo-
ple with HIV (PWH. The imposition of lockdowns
and social distancing have worsened this situati-
on by further discouraging PLWH to comply
with their follow-up. Delays or postponement of
follow-up and/or receiving and/or initiating the
ART have been associated with an increase in
HIV relapse and an overall clinical deterioration
(9,54,55). Furthermore, according to prognostic
models that have included data from African co-
untries (15,25South Africa. We used Cox-propor-
tional hazards models adjusted for age, sex, loca-
tion and comorbidities to examine the association
between HIV and COVID-19 death among (1,55),
it is expected that new HIV infections might incre-

ase in the foreseeable future not only because the
access to medical care and treatment has beco-
me more difficult during the culminating SARS-
CoV-2 pandemic, but also because during the
lockdowns the number of sexual contacts without
protections has increased and the number of peo-
ple seeking post-exposure prophylaxis has at the
same time decreased (54,56).

The role of antiretroviral treatment (ART) in
COVID-19 treatment

Medications used for the treatment of HIV infec-
tion have been evaluated as potential treatment
against SARS-CoV-2infection (57,58). The con-
cept of using such medications as a potential the-
rapeutic approach against corona viruses is not
new; it was also suggested during the SARS and
MERS epidemic (59)recent cohort studies do not
indicate this. Antiretrovirals(ARVs. During the
current pandemic the observation that PLWH un-
der ART have better clinical outcomes in some
studies, even compared to non-HIV infected pa-
tients (60), has further encouraged investigators
into the treatment of SARS-CoV-2 infection.

Both lopinavir/ritonavir inhibit the HIV- protease,
preventing HIV from entering the host cell. Both
were tested regarding their ability to inhibit the
RNA- dependent RNA polymerase that SARS-
CoV-2 uses in order to replicate its genome (61).
Although there have been some promising in vi-
tro results regarding the inhibitory effect of their
combination (62), multiple studies suggest that
their use does not provide any beneficial effect
beyond standard care and therefore they are not
indicated either for preventing or treating SARS-
CoV-2 infection (63).

Tenofovir acts as an inhibitor of the reverse tran-
scriptase. According to the latest studies it may be
helpful as treatment and/or prophylaxis against
SARS-CoV-2 (5,11,64)China, severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2.
In vitro studies have shown that tenofovir is ef-
fective in inhibiting the SARS-CoV-2 RNA-
dependent RNA polymerase (65)Chinese health
agencies reported an outbreak of a novel coro-
navirus-2 (CoV-2 and in increasing the levels of
IL-10 and IL-12, something that might contribute
to a more effective response of the immune sys-
tem against SARS-CoV-2, with increased levels
of IFN-yand IgG against the virus in serum.
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Emtricitabine is a cytosine nucleoside analogue
that inhibits HIV’s reverse transcriptase. PLWH
under treatment with emtricitabine combined with
tenofovir had overall better clinical outcomes in
comparison to PLWH under no/other treatment
regimen. Its role as a prophylactic agent against
SARS-CoV-2 is under investigation in various
ongoing clinical trials (59)recent cohort studies
do not indicate this. Antiretrovirals(ARVs.

Little evidence exists for other ART agents (ata-
zanavir, darunavir, cobicistat, saquinavir, integra-
se strand transfer inhibitors) regarding their use
in COVID-19 management (59)recent cohort stu-
dies do not indicate this. Antiretrovirals(ARVs.

SARS-CoV-2 vaccine and people living with
HIV (PLWH)

The latest development regarding the manage-
ment of the SARS-CoV-2 pandemic, the mR-
NA-based vaccines are not contraindicated for
PLWH according to the CDC (66) and the British
HIV Association (67), although there are limited
data regarding their efficacy in PLWH. A limi-
ted number of PLWH has participated in clinical
trials for the development of both major mRNA

REFERENCES

1. World Health Organisation. Novel Coronavirus —
China. www.who.int/csr/don/12-january-2020-novel-
coronavirus-china/en/ (08 November 2020)

2. Saleemi MA, Ahmad B, Benchoula K, Vohra MS,
Mea HJ, Chong P, Kumari Palanisamy N, Hwa Hong
E. Emergence and molecular mechanisms of SARS-
CoV-2 and HIV to target host cells and potential the-
rapeutics. Infect Genet Evol 2020; 85:104583.

3. Sanyaolu A, Okorie C, Marinkovic A, Patidar R,
Younis K, Desai P, Hosein Z, Padda I,Mangat J,Altaf
M. Comorbidity and its impact on patients with CO-
VID-19. SN Compr Clin Med 2020; 25:1-8.

4. TamuziJL, AyeleBT, ShumbaCS, AdetokunbohOO,
Uwimana-NicolJ, HaileZT,InuguJ, NyasuluPS. Im-
plications of COVID-19 in high burden countries for
HIV/TB: A systematic review of evidence. BMC In-
fect Dis 2020; 20:744.

5. Morani Z, Patel S, Ghosh S, Hassan FA, Doreswamy
S, Singh S, Kothapudi VN, Desai R. COVID-19 in
HIV: a review of published case reports. SN Compr
Clin Med 2020; 2:1-11.

6. Mirzaei H, McFarland W, Karamouzian M, Sharifi H.
COVID-19 among people livingwithHIV: a systema-
tic review. AIDS Behav 2020; 30:1-8.

7. Blanco JL, Ambrosioni J, Garcia F, Martinez E, So-
riano A, Mallolas J,Miro JM. COVID-19 in patients
with HIV: clinical case series. Lancet HIV 2020;
7:e314-6.

vaccines, and although the findings related to
them have not been included in the final official
publication of the trials’ outcome, no major risk
issues emerged regarding PLWH receiving any
vaccine (68,69).

A question is raised whether knowledge gained
from the HIV- pandemic management could con-
tribute to the management of the SARS-CoV-2
outbreak. Since both conditions are contagious
and some kind of distancing, either sexual or so-
cial, is necessary for getting control of the further
spread of each pathogen, behavioural measures
and strategies that have been used in preventing
the spread of HIV could be applied to the current
pandemic of COVID-19 as well. As no specific
medication treatment for SARS-CoV-2 infection
has been identified yet, intensive research based
on possible common mechanisms of action of the
two viruses is warranted.

FUNDING

No specific funding was received for this study.

TRANSPARENCY DECLARATION

Conflict of interests: None to declare.

8. Chenneville T, Gabbidon K, Hanson P, Holyfield C.
The impact of COVID-19 on HIV treatment and rese-
arch: a call to action. Int J Environ Res Public Health
2020; 17:4548.

9. lJiang H, Zhou Y, Tang W. Maintaining HIV care
during the COVID-19 pandemic. Lancet HIV 2020;
7:€308-9.

10. Costenaro P, Minotti C, Barbieri E, Giaquinto C,
Dona D. SARS-CoV-2 infection in people living with
HIV: a systematic review. Rev Med Virol 2021; 31:1-
12.

11. Kanwugu ON, Adadi P. HIV/SARS-CoV-2 coinfec-
tion: a global perspective. J Med Virol 2020; 93:726-
32.

12. Huang J, Xie N, Hu X, Yan H, Ding J, Liu P, Ma H,
Ruan L, Li G, He N, Wei S, Wang X. Epidemiologi-
cal, virological and serological features of coronavi-
rus disease2019 (COVID-19) cases in people living
with human immunodeficiency virus in Wuhan. Clin
Infect Dis 2021;73:€2086-94.

13. Stoeckle K, Johnston CD, Jannat-Khah DP, Williams
SC, Ellman TM, Vogler MA,Gulick RM, Glesby MJ,
Choi JJ. COVID-19 in hospitalized adults with HIV.
Open Forum Infect Dis 2020; 7:0faa327.

14. Zhu F, Cao Y, Xu S, Zhou M. Co-infection of SARS-
CoV-2 and HIV in a patient in Wuhan city, China. J
Med Virol 2020; 92:529-30.

15. Tesoriero JM, Swain CE, Pierce JL, Zamboni L, Wu
M, Holtgrave DR, Gonzalez CJ, Udo T, Morne JE,
Hart-Malloy R, Rajulu DT, Leung SJ, Rosenberg ES.
COVID-19 outcomes among persons living with or




Bousis et al. SARS-CoV-2 infection and HIV

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

without diagnosed HIV Infection in New York State.
JAMA Netw Open 2021; 4:¢2037069

. Mascolo S, Romanelli A, Carleo MA, Esposito V.

Could HIV infection alter the clinical course of
SARS-CoV-2 infection? When less is better. J] Med
Virol 2020; 92:1777-8.

Coperchini F, Chiovato L, Croce L, Magri F, Rotondi
M. The cytokine storm in COVID-19: an overview
of the involvement of the chemokine/chemokine-
receptor system. Cytokine Growth Factor Rev 2020;
53:25-32.

Cabello A, Zamarro B, Nistal S, Victor V, Hernan-
dez J, Prieto-Pérez L,Carrillo I, Alvarez B, Fernan-
dez-Roblas R, Hernandes-Segurado M, Becares M,
Benito JM, Rallon N, Tellez R, Castano AL, Herrero
A,Gorgolas M. COVID-19 diseasein people living
withHIV: a multicentercase-series study. Int J Infect
Dis 2020; 102:310-5.

Brown LB, Spinelli MA, Gandhi M. The interplay be-
tween HIV and COVID-19: summary of the data and
responses to date. Curr Opin HIV AIDS 2021;16:63-73.
Lesko CR, Bengtson AM. HIV and COVID-19: inter-
secting epidemics with many unknowns. Am J Epide-
miol 2021; 190:10-6

Fung M, Babik JM. COVID-19 in immunocom-
promised hosts: what we know so far. Clin Infect
Dis 2021; 72:340-50

Hadi YB, Naqvi SFZ, Kupec JT, Sarwari AR. Cha-
racteristics and outcomes of COVID-19 in patients
with HIV: a multicentre research network study.
AIDS 2020; 34:F3-8.

Ho H, Peluso MJ, Margus C, Matias Lopes JP, He C,
Gaisa MM, Osorio G, Aberg JA, Pullen MP. Clinical
outcomes and immunologic characteristics of corona-
virus disease 2019 in people with human immunode-
ficiency virus. J Infect Dis 2021; 223:403-8.

Joob B, Wiwanitkit V. SARS-CoV-2 and HIV. ] Med
Virol 2020; 92:1415

Prabhu S, Poongulali S, Kumarasamy N. Impact of
COVID-19 on people living with HIV: a review. J Vi-
rus Erad 2020; 6:100019.

Sharov KS. HIV/SARS-CoV-2 co-infection: T cell
profile, cytokine dynamics and role of exhausted lym-
phocytes.Int J Infect Dis 2021; 102:163-9.
Anonymus.COVID-19 transmission—up in the air.
Lancet Respir Med 2020; 8:1159.

Rahman HS, Aziz MS, Hussein RH, Othman HH,
Salih Omer SH, Khalid ES, Abdulrahman NA, Amin
K, Abdullah R. The transmission modes and sourc-
es of COVID-19: a systematic review. Int J Surg
Open 2020; 26:125-36.

Shaw GM, Hunter E. HIV transmission. Cold Spring
Harb Perspect Med 2012; 2:a006965.

Joseph Davey D, Bekker LG, Coates TJ, Myer L.
Contracting HIV or contractingSAR-CoV-2 (CO-
VID- 19) in pregnancy; Balancing the risks and ben-
efits. AIDS Behav 2020; 13:1-3.

Fenizia C, Biasin M, Cetin I, Vergani P, Mileto D,
Spinillo A, Gismondo MR, Perotti F, Callegari C,
Mancon A, Cammarata S, Beretta I, Nebuloni M,
Trabattoni D, Clerici M, Savasi V. Analysis of SARS-
CoV-2 vertical transmission during pregnancy. Nat
Commun 2020; 11:5128.

Di Cristanziano V, Meyer-Schwickerath C, Eberhardt
KA, Rybniker J, Heger E, Knops E,Hallek M, Kle-
in F, Holtick U, Jung N. Detection of SARS-CoV-2

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

viremia before onset of COVID-19 symptoms in an
allo-transplanted patient with acute leukemia. Bone-
Marrow Transplant 2021;56:716-9.

Bassil J, Rassy E, Kattan J. Is blood transfusion
safe during the COVID-19 pandemic? Future Sci
OA 2020; 6:FS0626.

Tan C, Li S, Liang Y, Chen M, Liu J. SARS-CoV-2
viremia may predict rapid deterioration of COVID-19
patients. Braz J Infect Dis 2020; 24:565-9

Cappy P, Candotti D, Sauvage V, Lucas Q, Boizeau
L, Gomez J, Enouf'V, Chabli L, Pillonel J, Tiberghien
P, Morel P, Laperche S. No evidence of SARS-CoV-2
transfusion transmission despite RNA detection in
blood donors showing symptoms after donation.
Blood 2020; 136:1888-91

Kwon SY, Kim EJ, Jung YS, Jang JS, Cho NS. Post-
donation COVID-19 identification in blood donors.
Vox Sang 2020; 115:601-2.

Byrd KM, Beckwith CG, Garland JM, Johnson JE,
Aung S, Cu-Uvin S,Farmakiotis D, Flanigan T, Gilla-
ni FS, Macias-Gil R, Mileno M, Ramratnam B, Rybak
NR, Sanchez M,Tashima K, Mylonakis E, Kantor
R.SARS-CoV-2 and HIV coinfection: clinical expe-
rience from Rhode Island, United States. J Int AIDS
Soc 2020; 23:e25573.

Dandachi D, Geiger G, Montgomery MW, Karmen-
Tuohy S, Golzy M, Antar AAR, Llibre JM, Camazi-
ne M, Santiago ADD, Carlucci PM, Zacharioudakis
IM, Rahimian J, Wanjalla CN, Slim J, Arinze F, Kratz
ANP, Jones JL, Patel SM, Kitchell E, Francis A, Ray
M, Koren DE, Baddley JW, Hill B, Sax PE. Chow
J. Characteristics, comorbidities, and outcomes in a
multicenter registry of patients with HIV and corona-
virus disease-19. Clin Infect Dis 2021; 73:¢1964-72.
Gervasoni C, Meraviglia P, Riva A, Giacomelli A,
Oreni L, Minisci D,Atzori C, Ridolfo A, Cattaneo
D.Clinical features and outcomes of patients with hu-
man immunodeficiency virus with COVID-19. Clin
Infect Dis 2020; 71:2276-8.

Roberts L, Passmore JAS, Williamson C, Little F, Be-
bell LM, Mlisana K,Burgers WA, Van Loggerberg F,
Walzl G, Siawaya JFD, Karim QA, Karim SSA. Plas-
ma cytokine levels during acute HIV-1 infection pre-
dict HIV disease progression. AIDS 2010; 24:819-31.
Hojyo S, Uchida M, Tanaka K, Hasebe R, Tanaka
Y, Murakami M, Hirano T. How COVID-19 induces
cytokine storm with high mortality. Inflamm Regener
2020; 40:37.

Mehlotra RK. Chemokine receptor gene polymor-
phisms and COVID-19: could knowledge gained from
HIV/AIDS be important? Infect Genet Evol 2020;
85:104512.

Mehlotra RK. New Knowledge about CCRS5, HIV
infection, and disease progression:is “old” still valu-
able? AIDS Res Hum Retroviruses 2020; 36:795-9.
Fathi N, Rezaei N. Lymphopenia in COVID-19: the-
rapeutic opportunities.Cell Biol Int 2020; 44:1792-7.
Jiang M, Guo Y, Luo Q, Huang Z, Zhao R, Liu S,
Le A, Li J, Wan L. T-cell subset counts in peripheral
blood can be used as discriminatory biomarkers for
diagnosis and severity prediction of coronavirus dise-
ase 2019. J Infect Dis 2020; 222:198-202.

Liu Z, Long W, Tu M, Chen S, Huang Y, Wang
S,Zhou W, Chen D, Zhou L, Wang M, Wu M, Huang
Q, Xu H, Zeng W, Guo L. Lymphocyte subset (CD4+,
CD8+) counts reflect the severity of infection and pre-

39



40

Medicinski Glasnik, Volume 19, Number 1, February 2022

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

dict the clinical outcomes in patients with COVID-19.
J Infect 2020; 81:318-56.

Price LC, McCabe C, Garfield B, Wort SJ. Thrombo-
sis and COVID-19 pneumonia: The clot thickens! Eur
Respir J 2020; 56:2001608.

Wise J. Covid-19 and thrombosis: what do we know
about the risks and treatment? Eur Respir J 2020;
56:2001608.

Saif MW, Bona R, Greenberg B. Aids and thrombo-
sis: retrospective study of 131 HIV-infected patients.
AIDS Patient Care STDS 2001;15:311-20.

Bibas M, Biava G, Antinori A. HIV-associated ve-
nous thromboembolism. Mediterr J Hematol Infect
Dis 2011; 3:e2011030.

Wasif Saif H, Greenberg B. HIV and thrombosis: a
review. AIDS Patient Care STDS 2001; 15:15-24.
Bastard P, Rosen LB, Zhang Q, Michailidis E,
Hoffmann HH, Zhang Y,Dorgham K, Philippot Q,
Rosain J, Beziat V, Manry J, Shaw E, Haljasmagi L,
Peterson P, Lorenzo L, Bizien L, Trouillet- Assant S,
Dobbs K, deJesus AA, Belot A, Kallaste A, Catherinot
E,Tandjaoui-LambiotteY, LePen J, Kerner G, Bigio B,
Seeleuthner Y, Yang R, Bolze A, Spaan AN, Delmonte
OM, Abers MS, Aiuti A, Casari G, Lampasona V, Pi-
emonti L, Ciceri F, Bilguvar K, Lifton RP, Vasse M,
Smadja DM, Migaud M, Hadjadj J, Terrier B, Duffy
D, Quintana-Murci L, van de Beek D, Roussel L, Vinh
DC, Tangye SG, Haerynck F, Dalmau D, Martinez-Pi-
cado J, Brodin P, Nussenzweig MC, Boisson-Dupuis
S, Rodriguez-Gallego C, Vogt G, Mogensen TH, Oler
AJ, Gu J, Burbelo PD, Cohen J, Biondi A, Bettini LR,
D'Angio M, Bonfanti P, Rossignol P, Mayaux J, Ri-
eux- Laucat F, Husebye ES, Fusco F, Ursini MV, Im-
berti, Sottini A, Paghera S, Quiros-Roldan E, Rossi C,
Castagnoli R, Montagna D, Licari A, Marseglia GL,
Duval X, Ghosn J, Tsang JS, Goldbach-Mansky R, Ki-
sand K, Lionakis MS, Puel A, Zhang SY, Holland SM,
Gorochov G,Jouanguy E, Rice CM, Cobat A, Notaran-
gelo LD, Abel L, Su HC, Casanova JL. Autoantibodi-
es against type I IFNs in patients with life-threatening
COVID-19. Science 2020; 370:eabd4585

McFadyen JD, Stevens H, Peter K. The emerging
threat of (micro) thrombosis in COVID-19 and its
therapeutic implications. Circ Res 2020; 127:571-87.
Booton RD, Fu G, Mac Gregor L, Li J, Ong JJ, Tuck-
er JD, Turner KME, Tang W, Vickerman P, Mitch-
ell KM. Estimating the impact of disruptions due to
COVID-19 on HIV transmission and control among
men who have sex with men in China. J Int AIDS
Soc 2021; 24:¢25697

Jewell BL, Mudimu E, Stover J, ten Brink D, Phillips
AN, Smith JA,Martin -Hughes R, Teng Y, Glaubius
R, Mahiane SG,Bansi-Matharu L, Taramusi I, Chago-
ma N, Morrison M, Doherty M, Marsh K, Bershteyn
A, Hallett TB, Kelly SL. Potential effects of disrupti-
on to HIV programmes in sub-Saharan Africa caused
by COVID-19: results from multiple mathematical
models. Lancet HIV 2020; 7:¢629—40.

Mitchell KM, Dimitrov D, Silhol R, Geidelberg L,
Moore M, Liu A, Beyrer C, Mayer KH, Baral S, Bo-
ily MC. Estimating the potential impact of COVID-
19-related disruptions on HIV incidence and morta-
lity among men who have sex with men in the United
States: a modelling study. med Rxiv [Preprint] 2020;
2020.10.30.20222893.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Jean SS, Lee PI, Hsueh PR. Treatment options for
COVID-19: the reality and challenges. J Microbiol
Immunol Infect 2020; 53:436-43.

Hung IFN. Treatment of coronavirus disease 2019.
Curr Opin HIV AIDS 2020; 15:336-40.

Alavian G, Kolahdouzan K, Mortezazadeh M, Torabi
ZS. Antiretrovirals for prophylaxis against COV-
ID-19; a comprehensive literature review.J Clin Phar-
macol 2021; 61:581-90

Del Amo J, Polo R, Moreno S, Diaz A, Martinez E,
Arribas JR,Jarrin I, Hernan MA. Incidence and seve-
rityof COVID-19 in HIV-positive persons receiving
antiretroviraltherapy: a cohort study. Ann Intern Med
2020; 173:536-41.

Cao B, WangY, Wen D, Liu W, Wang J, Fan G, Ruan
L, Song B, Cai Y, Wei M, Li X, Xia J, Cheh N, Xiang
J, Yu T, Bai T, Xie X, Zhang L, Li C, Yuan Y, Chen
H, Li H, Huang H, Tu S, Liu Y, Wei Y, Dong C, Zhou
F, Gu X, Xu J, Liu Z, Zhang Y, Li H, Zhang Y, Li

H,Shang L, Wang K, Li K, Zhou X, Dong X, Qu Z,
Lu S, Hu X, Ruan S, Luo S, Wu J, Peng L, Cheng F,
Pan L, Zou J, Jia C, Wang J, Liu X, Wang S, Wu X,
Ge Q, He J, Zhan H, Qiu F, Guo L, Huang C, Jaki T,
Hayden FG, Horby PW, Zhang D, Wang C. A trial of
lopinavir—ritonavir in adults hospitalized with severe
covid-19. N Engl J Med 2020; 382:1787-99.

Zhu W, Chen CZ, Gorshkov K, Xu M, Lo DC,
Zheng W. RNA-Dependent RNA polymerase as a tar-
get for COVID-19 drug discovery. J Med Virol 2021;
93:300-10.

Lu CC, Chen MY, Lee WS, Chang YL. Potential ther-
apeutic agents against COVID-19: what we know so
far. J Chin Med Assoc 2020; 83:534-6.

Del Amo J, Polo R, Moreno S, Diaz A, Martinez E,
Arribas JR, Jarrin I, Hernan MA. Antiretrovirals and
risk of COVID-19 diagnosis and hospitalization in
HIV-positive persons. Epidemiology 2020; 31:e49-

S1.

Kumar S, Zhi K, Mukherji A, Gerth K. Repurposing
antiviral protease inhibitors using extracellular ve-
sicles for potential therapy of COVID-19. Viruses
2020; 12:486

Center of Disease Control. Vaccine Considerations
for People with Underlying Medical Conditions.
https://www.cdc.gov/coronavirus/2019-ncov/vacci-
nes/recommendations/underlying-conditions.html
(10 February 2021)

British HIV Association.SARS-CoV-2 vaccine advi-
ce for adults living with HIV. https://www.bhiva.org/
SARS-CoV-2-vaccine-advice-for-adults-living-with-
HIV-plain-english-version (10 February 2021)

NAM aidsmap.com.Have COVID-19 vaccines been
tested in people with HIV? https://www.aidsmap.
com/about-hiv/have-covid-19-vaccines-been-tested-
people-hiv (11 February 2021)

Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman
A, Lockhart S, Perez JL, Marc GP, Moreira ED, Zer-
bini C, Bailey R, Swanson KA,Roychoudhury S,
Koury K, Li P, Kalina WV, Cooper D, Frenck RW,

Hammitt LL, Tureci O, Nell H, Schaefer A, Unal
S, Tresnan DB, Mather S, Dormitzer PR, Sahin U,
Jansen K, Gruber WC. Safety and efficacy of the
BNT162b2 mRNA Covid-19 vaccine. N Engl J] Med
2020; 383:2603-15.




