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Abstract: Paramount efforts worldwide are seeking to increase understanding of the basic 
virology of SARS-CoV-2, characterize the spectrum of complications associated with 
COVID-19, and develop vaccines that can protect from new and recurrent infections with 
SARS-CoV-2. While we continue learning about this new virus, it is clear that 1) the virus is 
spread via the respiratory route, primarily by droplets and contact with contaminated surfaces 
and fomites, as well as by aerosol formation during invasive respiratory procedures; 2) the 
airborne route is still controversial; and 3) that those infected can spread the virus without 
necessarily developing COVID-19 (ie, asymptomatic). With the number of SARS-CoV-2 
infections increasing globally, the possibility of co-infections and/or co-morbidities is 
becoming more concerning. Co-infection with Human Immunodeficiency Virus (HIV) is 
one such example of polyparasitism of interest. This military-themed comparative review of 
SARS-CoV-2 and HIV details their virology and describes them figuratively as separate 
enemy armies. HIV, an old enemy dug into trenches in individuals already infected, and 
SARS-CoV-2 the new army, attempting to attack and capture territories, tissues and organs, 
in order to provide resources for their expansion. This analogy serves to aid in discussion of 
three main areas of focus and draw attention to how these viruses may cooperate to gain the 
upper hand in securing a host. Here we compare their target, the key receptors found on those 
tissues, viral lifecycles and tactics for immune response surveillance. The last focus is on the 
immune response to infection, addressing similarities in cytokines released. While the 
majority of HIV cases can be successfully managed with antiretroviral therapy nowadays, 
treatments for SARS-CoV-2 are still undergoing research given the novelty of this army. 
Keywords: HIV, AIDS, SARS-CoV-2, COVID-19, ACE-2, remdesivir

Introduction: Briefing
The COronaVIrus Disease (COVID-19) changed the daily routine worldwide since 
December 2019, when an epidemic was first reported in Wuhan, China.1 This 
epidemic turned into a pandemic by March 2020.2 Its etiologic agent, the Severe 
Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) belongs to a family of 
zoonotic coronaviruses that have caused significant epidemics, including SARS in 
2003 and Middle East Respiratory Syndrome (MERS) in 2012.3

Comorbidities are of particular interest when there is a new and emerging 
disease. An estimated 22% of the people in the world have at least one health 
condition that increases their risk of developing severe COVID-19.4 One such 
comorbidity of interest is infection with pandemic human immunodeficiency virus 
(HIV), the etiologic cause of acquired immunodeficiency syndrome (AIDS). Initial 
reports of AIDS in the United States covered the news of patients with atypical 
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Pneumocystis carinii pneumonia,5 followed by reports of 
rare and aggressive Kaposi Sarcoma6 and other opportu
nistic infections, which created the foundation for 
a concept of a syndrome in which the immune system 
was completely non-functional, named AIDS, by the 
CDC in 1982. HIV/AIDS has claimed 33 million lives 
worldwide since its discovery.7 According to WHO, 
there are around 38 million People Living with HIV 
(PLWH) worldwide.8

With SARS-CoV-2 continuing to spread across the 
globe, clinicians will continue encountering co-infection 
cases of People Living With HIV and SARS-CoV-2 
(PLWH+CoV2). The first published case of SARS-CoV 
-2/HIV co-infection was a 61-year-old man from Wuhan 
who was confirmed to have SARS-CoV-2 in 
January 2020 and had diabetes and HIV infection as 
comorbidities.9 The Hospital Clinic Barcelona in 
Barcelona, Spain treated five patients with HIV and 
SARS-CoV-2 co-infection in March 2020, and 
a university hospital in Madrid reported 51 cases by 
April 30, 2020.10,11 An additional 47 cases of HIV/ 
SARS-CoV-2 co-infection were reported as of April 20, 
2020 in Italy.12 Further, the Myriam Hospital Infectious 
Diseases and Immunology Center in Rhode Island, USA 
reported 27 HIV patients were SARS-CoV-2 positive in 
July.13

The Italian cohort of PLWH+ SARS-CoV2 presented 
with dyslipidemia and hypertension as the most common 
comorbidities, and treatments administered included anti
retroviral therapy (ART) to manage HIV infection. In this 
case, patients with HIV and SARS-CoV-2 coinfection had 
better clinical outcomes on average than patients at the 
same hospital with only SARS-CoV-2 infection.12 In con
trast, the case report from Madrid reported that patients 
with HIV and SARS-CoV-2 co-infection were more likely 
to have additional comorbidities than those with HIV or 
SARS-CoV-2 alone. Also, patients with co-infection did 
not differ significantly in clinical symptoms, blood results, 
and radiological findings from the general SARS-CoV-2 
cases, except they had a higher rate for severe illness than 
SARS-CoV-2 mono-infection patients, 25% compared to 
17–21%.11 HIV infection itself is associated with a myriad 
of non-infectious co-morbidities.14 For instance, HIV 
infection increases the risk for acute exacerbations of 
chronic obstructive pulmonary disease (COPD),15,16 

chronic kidney disease,17,18 cardiomyopathies and heart 
failure,19,20 all of which are high priority conditions that 
may lead to severe COVID-19.21 In addition, the role of 

HIV antiretroviral therapy in COVID-19 remains under 
observation.

Key Components: Armaments
HIV and SARS-CoV-2 viruses are both equipped with 
different armaments for battle, which are compared in 
Figure 1. SARS-CoV-2 is a beta coronavirus consisting 
of four structural proteins genetically coded by positive 
single-stranded RNA. The viral RNA is bound by the 
nucleocapsid protein (N) and is required for replication.22 

The spike protein (S) consists of S1 and S2 subunits with 
a furin cleavage site between the S1 and S2 coding 
sequences.23 The stalk of the spike protein has three 
hinges, giving the spike protein flexibility when scanning 
cell surfaces for a receptor, and aids in protecting the spike 
from antibodies.24 The viral envelope consists of the 
envelope protein (E) and the membrane protein (M).25 

The M protein is responsible for the overall structure of 
coronaviruses, interacting with the S, E and N proteins, 
and plays a major role in membrane fusion, an important 
step in the infection process.26 Besides these structural 
proteins, the RNA encodes eight open reading frames 
(ORF) consisting of ORF1a, ORF1b, ORF3, ORF6, 
ORF7a, ORF7b, ORF8 and ORF10.27 ORF1a and 
ORF1b encode polyproteins that form non-structural pro
teins and replicase for replication.28 ORF3a has been 
shown to have pro-apoptotic activity in vitro by activating 
caspase-8.29 ORF6 subdues immune response by function
ing as an interferon antagonist.30 ORF7a in SARS-CoV 
was capable of inducing apoptosis, but clinical isolates of 
SARS-CoV-2 have shown large deletions that likely cause 
loss of function of ORF7a.31,32 ORF7b was shown to 
localize in the Golgi, in SARS-CoV, but its function in 
SARS-CoV-2 has yet to be characterized.33 ORF8 lacks 
known functional domains and no longer contains the 
sequence in SARS-CoV ORF8b that triggers stress 
pathways.27,28 ORF10 does not display homology to 
known proteins and is unlikely to be expressed.27

HIV has different equipment as a member of the lenti
virus family. HIV also has an RNA genome, consisting of 
two copies of positive-stranded RNA with nine open read
ing frames that code for 15 viral proteins.34 The RNA 
genome is enclosed within the viral core, surrounded by 
matrix proteins between the lipid envelope and viral 
capsid.35 The viral capsid also houses enzymes essential 
for viral replication, eg, reverse transcriptase, integrase 
and proteases, coded by the viral pol gene.36 The viral 
reverse transcriptase converts the HIV RNA into DNA 
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when the virus enters the host.37,38 Integrase can then 
incorporate the viral DNA into the host DNA, creating 
a permanent copy of the viral DNA in the cell.38,39 After 
the Gag polyprotein is constructed by the host cell, pro
teases are used to segregate the viral components so they 
can be assembled into new viruses.38 Newly formed, 
infectious virions also contain gp41 glycoproteins 
anchored in the lipid envelope. Viral glycoproteins of 
~120 kD (gp120) are attached to gp41, which form the 
HIV spike protein40 that is essential for interaction with 
host cell receptors, leading to infection and reinitiating of 
the full lifecycle.

Both SARS-CoV-2 and HIV have probable zoonotic 
origins. SARS-CoV-2 was initially linked to a market sell
ing seafood, snake, bats, poultry, and other farm animals in 
Wuhan, China, which originated the hypothesis of food
borne infection. Supporting viral sequencing and phyloge
netic studies suggested that SARS-CoV-2 is a recombinant 
virus from bat coronavirus.41–43 Intriguingly, the virus was 
detected in surfaces in the market but no animals tested 
positive to the virus.44 In the case of HIV, longstanding 
evidence points to simian immunodeficiency viruses (SIV) 
crossing to humans.45,46 The elucidation of the cross- 
species transmission dynamics has gained attention, as 
well as opened doors to exploring restriction factors and 
intrinsic immunity as additional paradigms.47–49

Viral Transmission: Deployment
SARS-CoV-2 is a respiratory virus, primarily spread from 
person to person through respiratory droplets containing 
viral particles. A study reported finding viable SARS-CoV 
-2 virus even after 72 hours on plastic or stainless-steel 
surfaces, although titer was reduced from 103.7 to 100.6 

TCID50 (1259-fold reduction) for both. However, on cop
per and cardboard surfaces, there was no viable SARS- 
CoV-2 after 4 and 24 hours, respectively.50 Protection 
from and prevention of respiratory droplets, in the forms 
of masks or face coverings, are important deterrents to 
avoid infecting others.51,52 Masks become essential, con
sidering that asymptomatic individuals can still shed virus 
and infect those who come in contact with their respiratory 
droplets.53

HIV is a bloodborne pathogen, also with zoonotic 
origin. According to the UNAIDS, between 1.2 and 
2.2 million people worldwide were identified as newly 
infected with HIV in 2019.8 Different from SARS-CoV 
-2, it takes different routes of transmission, relying on 
mucosal surface contact or percutaneous inoculation. 
Transmission of HIV occurs primarily via sexual contact, 
sticks with contaminated needles, and vertical transmis
sion (mother to child). Patel et al reported estimates of 
HIV transmission risk based on meta-analysis and litera
ture review of publications reporting risk between 

Figure 1 Components of SARS-CoV-2 and HIV. A schematic representation of SARS-CoV-2 (left) and HIV (right) is shown, along with key structural components. For both 
viruses, the glycoproteins, embedded within the envelope proteins are required for the initial interaction of the virus with susceptible host cells. In SARS-CoV-2, the 
membrane protein is required for membrane fusion and interacts with other elements of the virus. The envelope protein aids in viral assembly within the host cell, and the 
single-stranded RNA enclosed in the nucleocapsid comprises the genetic material. In HIV, the capsid proteins are structural proteins arranged to house the viral genetic 
material. Viral enzymes, coded by the pol gene, include proteases, reverse transcriptase, and integrase. The HIV reverse transcriptase is an RNA-dependent DNA 
polymerase essential for synthesis of viral cDNA using RNA as template. The viral integrase creates a permanent copy of viral DNA in the infected cell by catalyzing viral 
DNA integration into host cell DNA. The protease cleaves the newly formed polypeptide into the components of mature virions. The matrix proteins are key in virion 
packaging. Illustration credit: Nicholas J. Evans.
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January 2008 and February 2012. Risk of HIV infection 
per event was highest for blood transfusion healthcare 
accidents with a probability of 92.5%, with healthcare- 
related needle sticks having a probability of 0.23%. The 
probability of infection due to intravenous drug use was 
estimated at 0.63%. Risk of contraction from sexual inter
course varies by the act, with penile-vaginal intercourse 
risk estimates at 0.04–0.08%, and penile-anal intercourse 
estimates at 0.11–1.38%, with more risk occurring for the 
receptive person in both cases.54 Pertaining to vertical 
transmission, strategies to protect unborn children from 
HIV infection include strict adherence to antiretroviral 
therapy during pregnancy, avoiding the passage of the 
baby through the birth canal during labor via scheduled 
C-sections, and limiting breastfeeding. The use of antire
troviral therapy has successfully decreased HIV transmis
sion from mother to child. A meta-analyses study 
including studies from 2003 to 2011 documented that 
mothers enrolled in HIV prevention programs displayed 
a consistent decrease in HIV transmission over the years.55

Target Tissues: Flanking Maneuver
The differences in transmission between SARS-CoV-2 and 
HIV lead to different initial and subsequent tissues to be 
affected. This allows the viruses to essentially flank the 
tissues, progressing from initial contact to a systemic 
infection. SARS-CoV-2 works like a paratrooper, dropping 
in from the air either directly on or near its objective, then 
potentially deploying a boat to travel by water (blood) to 
reach objectives that are hard to access. In contrast, HIV 
would be similar to naval units, most at home in the water 
(blood) and taking out other boats (T-cells in circulation), 
but still having the ability to assault ground objectives 
(organs and tissues).

For SARS-CoV-2, droplets containing the virus may 
enter the nose and/or mouth, where they can begin infect
ing tissues in the naso-, oro- and laryngopharynx.56 At this 
point, the infected individual may experience symptoms 
such as fever, cough, loss of taste and/or smell, or they 
may be asymptomatic. From here the virus may continue 
to spread down into the trachea, bronchi, bronchioles, and 
alveoli, where it can infect the lung tissues, causing 
damage and inflammation, and has an opportunity to 
enter the bloodstream.56–58 Once this occurs, it can spread 
to other organs including the brain, eyes, heart, blood 
vessels, liver, kidneys, intestines, testis, thyroid and 
pancreas.56,57,59,60 Frontal lobe sections from a 74-year- 
old male, who died after contracting SARS-CoV-2, had 

viral particles observed through transmission electron 
microscopy present in and on neural cell bodies and 
endothelium. SARS-CoV-2 in the brain tissue was con
firmed by four parallel RT-PCR assays.60 While originally 
a concern, the female reproductive system does not appear 
to be a major target of SARS-CoV-2. This is supported by 
results from the University of California showing low 
expression of receptors and proteases for viral entry in 
uterus, myometrium, ovary, fallopian tube and breast 
epithelium by single-cell sequencing.61

HIV uses the bloodstream as a means to spread. 
Integration of the HIV provirus into the host genome and 
establishment of a reservoir allows for HIV to persist in 
many organs, even while on ART.62 The cells most per
missive to HIV infection are CD4+ T cells, with effector 
memory and central memory T cells being the most per
missive due to their high density of CD4, long lifespan and 
propensity to proliferate via IL-7.63,64 However, HIV has 
the ability to enter many others such as macrophages, 
B cells, granulocytes such as neutrophils, eosinophils, 
basophils,65 dendritic cells, and Langerhans cells in the 
epithelium,66,67 summarized in Table 1. Macrophages are 
of particular interest as these cells can have long lifespan 
of months to years,68–71 and therefore, may facilitate 
further infection of CD4+ T cells.72,73

Key Receptors: Decisive Point
A decisive point is a place, event, system or function that 
gives an advantage when acquired by a military 
commander.74 SARS-CoV-2 and HIV both have receptors 
that could be considered their decisive points, as these 
receptors are integral to their infection of cells.

SARS-CoV-2 gains entry to tissues through binding of 
the S1 portion of the spike protein, with the angiotensin- 
converting enzyme 2 (ACE2).75,76 ACE2 was also utilized 
by SARS-CoV, but SARS-CoV-2 receptor binding domain 
has differences in multiple key amino acids, enabling 
increased binding affinity than the previous virus.75 The 
C-terminal domain of the S1 protein is responsible for 
binding ACE2.23 Upon binding, host proteases such as 
TransMembrane Protease Serine-2 (TMPRSS2), prime 
the virus for entry into cells through endocytosis.77,78 

Once inside, fusion of the endosome with the virus 
releases the viral RNA into the cell.79

Binding of S1 protein to ACE2 activates the renin- 
angiotensin system (RAS), which in turn will activate 
ADAM17, a metalloproteinase normally responsible for 
cleaving and activating tumor necrosis factor (TNF).80,81 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                   

HIV/AIDS - Research and Palliative Care 2021:13 364

Evans et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


ACE2 shedding is an event where activated ADAM17 
cleaves ACE2, removing it from the cell.81 In the absence 
of ACE2, angiotensin II conversion into angiotensin1-7 is 
limited, preventing vasodilation from occurring.81,82 In 
ACE2 knockout mice, elevated angiotensin II led to myo
cardial fibrosis and hypertrophy, and caused diastolic heart 
failure. The mice also had elevated levels of superoxide 
radicals, but these effects could be remedied by adminis
tering recombinant human ACE2 (rhACE2) to the mice, 
suppressing angiotensin II pathology.83 Similar treatments 
are being explored for COVID-19, with recruitment for 
clinical trials underway.

Originally, ACE2 was the only identified receptor for 
SARS-CoV-2 S1 binding. However, Wang et al deter
mined the spike protein is capable of binding CD147, 
a glycoprotein often related to tumor development, for 
entry into the cell (Figure 2). Interaction of S1 and 
CD147 was confirmed using Co-IP and Surface Plasmon 
Resonance assays and immune-electron microscopy 
showed co-localization of the proteins.84 They also 
explored the infectivity of Vero E6 cells after CD147 
was blocked with Meplazumab, an anti-CD147 antibody, 
and found Meplazumab had an inhibitory effect on SARS- 

CoV-2 infection.84 A trial conducted by Bial et al investi
gated using Meplazumab for treatment of COVID-19, 
looking for changes in the time until viral clearance, 
determined by negative qRT-PCR, and the time until 
recovery of vital signs. They observed significant changes 
in recovery and clearance, with the Meplazumab group 
having a negative RT-PCR for SARS-CoV-2, and recovery 
vital signs earlier than the control group.85 Current evi
dence supports that CD147 is found primarily in human 
bronchial epithelial cells (HBECs), immune cells in 
bronchoalveolar lavages (BAL), skin and in the circula
tion, including granulocytes, T and B cells, monocytes, 
innate lymphoid cells, and whole blood.86 This may 
explain the spread of SARS-CoV-2 to infect tissues that 
have lower ACE2 expression.

The primary human receptor targeted by HIV, using 
gp120, is CD4 and the binding of HIV (HTLV-III/LAV) to 
CD4 (T4 molecule), was first identified in 1986 by 
McDougal et al.87 Further investigation by the scientific 
community confirmed that HIV may utilize additional sur
face proteins on the host cell as co-receptors for entry 
along with CD4 (Figure 2). These co-receptors are 
C-X-C chemokine receptor type 4 (CXCR4) and 

Table 1 Cellular and Anatomical Targets of SARS-CoV-2 and HIV

SARS-CoV-2 Targets Body System HIV Targets

Human Epithelial cells in Pharynx, Trachea, and Bronchi, Type II Alveolar cells Upper and Lower 
Respiratory Tract

Alveolar Macrophages, 
T cells, Fibroblasts, Bronchial Epithelial 

Cells, Smooth Muscle Cells

Oral Epithelium, Enterocytes of the Duodenum, Jejunum and Ileum, 

Epithelium, Hepatocytes, Muscularis Mucosae, Muscularis Propria

Gastrointestinal 

Tract

GALT, TCM, TEM, TTD, Langerhans cells 

(Tissue-resident Macrophages), Dendritic 

cells

Lymphocytes, Granulocytes, T cells, B cells, Monocytes Blood TNA, TSCM, TCM, TEM, TTD, TMM, γδ 
T cell, monocyte, NK, TH

Basal Epithelium, Sebaceous Gland Smooth Muscle Skin Langerhans cells (Tissue-resident 
Macrophages), CD4+ T cells

Olfactory and Gustatory Neurons, Brain Nervous System CD4+ T cells, Microglia (Tissue-resident 
Macrophages), Astrocytes,

Endothelial Cells, Vascular Smooth Muscle, Cardiomyocytes Cardiovascular Smooth Muscle Cells

Adrenal Gland, Hypothalamus and Pituitary Gland, Sertoli and Leydig Cells Endocrine/ 

Reproductive

Epithelial cells, Testis germ cells, CD4+ 

T cells, Macrophages

Podocytes, Mesangial cells, Epithelium, proximal cells of brush border and 

collecting ducts

Renal Tubular and glomerular epithelial cells 

(podocytes)

Note: The types of cells shown to harbor latent HIV. 
Abbreviations: GALT, gut associated lymphoid tissue; TNA, naïve T cell; TSCM, T stem cell memory; TCM, central memory T cell; TEM, effector memory T cell, TTD, 
terminally differentiated T cell; TMM, migratory memory T cell; NK, natural killer cell, TH, helper T cell; TFH, follicular helper T cell; TRM, tissue resident memory 
T cell.56–60,65,154

HIV/AIDS - Research and Palliative Care 2021:13                                                                        submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
365

Dovepress                                                                                                                                                            Evans et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


C-C chemokine receptor 5 (CCR5).88,89 The CCR5 is 
a receptor for RANTES/CCL5, macrophage inflammatory 
protein-α (MIP-α/CCL3), and MIP-β/CCL4 in primary 
macrophages.90 The CXCR4 is the unique receptor for 
stromal-derived factor-1 (SDF-1/CXCL12).91 

Conventionally, HIV virions that use CCR5 as portals of 
entry are designated as “R5”, while virions using CXCR4 
are referred to as “X4”. HIV is thus termed to be “X4” or 
“R5” viruses if it uses CXCR4 or CCR5, respectively. The 
HIV preference for CCR5 co-receptor switches to 
a preference for CXCR4 over the course of HIV infection; 
this co-receptor switch predicts progression to AIDS in 
~50% of HIV+ individuals.92 Studies have shown that 
blockage of CCR5 signaling leads to decreased neutrophi
lic infiltrations and decreased recruitment of CD8+ T cells 
which may have protective roles in lung 
inflammation,93–95 CXCR4 and its natural ligand SDF-1/ 
CXCL12 activates downstream pathways such as ras and 
PI3 kinase, which play a role in lymphocyte chemotaxis, 
as well as in progression and metastasis of cancer96–101 

including non-small cell lung cancer.102–104 The difference 
in tropism ultimately dictates what cells are susceptible to 
HIV as the presence of CD4 with either co-receptor on the 
surface of any cell will, in theory, be permissive to HIV. 

Macrophages, an early target in HIV infection, were also 
identified as HIV reservoirs105,106 and have been exten
sively studied in the context of HIV infection. Despite 
their lower density of CD4, macrophages are still be 
susceptible to HIV infection.107 Moreover, there are strains 
of HIV that are extremely effective at targeting macro
phages. It has been demonstrated that these strains of HIV, 
R5-tropic HIV,108 have adapted modifications in the CD4 
binding site of gp120, giving it a higher affinity to CD4.89 

This allows for infection of other cells with low expression 
of CD4, such as microglia in the brain.109 However, other 
minor cofactors have been shown to also be involved in 
the entry of macrophages and essentially replace CCR5 in 
the fusion step.110 Such cofactors include CCR1, CCR2b, 
CCR3, CCR8, CX3CR1, CXCR6, formyl peptide receptor 
1, G protein-coupled receptor 1 (GPCR1), GPCR15, apelin 
receptor, and CCBP2.65 Furthermore, because HIV is 
a budding virus, one must also consider the possibility of 
other host cell surface molecules being incorporated into 
the HIV envelope during budding events that will poten
tially increase infectivity.111 Important molecules gained 
during budding events that have been demonstrated to 
increase infectivity and replication of HIV in T cells 

Figure 2 Comparative overview of viral entry and receptor downregulation. Schematic representation of a host cell potentially co-infected with HIV (left side) and SARS- 
CoV-2 (right side). [1] Binding of HIV or SARS-CoV-2 to key receptors. Both SARS-CoV-2 require initial interaction with specific receptors at the cell membrane: HIV binds 
to CD4 and co-receptors CCR5 and CXCR4 (left) and SARS-CoV-2 binds to host cell receptors CD147 or ACE2 (right). Binding of SARS-CoV-2 to ACE2 receptor requires 
initial cleavage of the viral S1 glycoprotein assisted by human protease TMPRSS2 so that viral S2 protein can be internalized along with the rest of the virion (right). [2] Entry 
of virus into cell. HIV fusion with the cell membrane leads to disassembly of the virion in the cytoplasm, leading to the release of viral genetic material, reverse transcription 
and [4] eventual integration of viral DNA into the host cell DNA, whereas SARS-CoV-2 enters the cell through endocytosis after binding to ACE2 or CD147. [3] 
Downregulation of CD4 by NEF or ACE2 by ADAM17. Viral internalization (infection) leads to downregulation of the initial entry receptor for HIV (CD4, mediated by the 
viral Nef polypeptide) and ACE2 for SARS-CoV-2, which is cleaved by the host ADAM17. [5] Fusion of the endosome and the virus. The viral membrane and endosome 
membrane fuse, releasing SARS-CoV-2’s genome into the host cell. Illustration credit: Nicholas J. Evans.
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include ICAM-1 and MHC class II molecules, which bind 
to LFA-1 and CD4, respectively.112,113

Once inside a cell, HIV uses a number of mechanisms 
to promote transmission of virions to other cells. An 
important mechanism that has been described to aid in 
transmission of HIV is downregulation of viral and host 
immune receptors (MHC class I and II, CD4, CXCR4, and 
CCR5) in the host cell. This has been shown to be 
mediated by the HIV accessory proteins Vpu and 
Nef.114–116 It is thought that downregulating CD4, and 
the co-receptors CXCR4 and CCR5, in the host cell will 
prevent superinfection and aid in incorporation of Env 
protein into the virions at the time of budding by prevent
ing Env–CD4 interactions.115,116 Downregulation of sur
face MHC class I is namely mediated by HIV protein Nef 
via endocytic vesicles and sequestration of molecules 
being transported to the surface. The extent of MHC 
class I downregulation is linked to the progression of 
AIDS and is thus hypothesized to be primarily for evasion 
of immune surveillance.116

Immune Response: Elastic Defense
The Elastic Defense was a layered defensive tactic used by 
the Germans in World War II that allowed them to mini
mize casualties when faced with overwhelming forces. 
The modern equivalent is the Resilient Defense that builds 
upon the same pillars. These strategies utilize mobile 
forces and importantly connected defensive positions 
with artillery to repel attacking armies. In our scenario, 
artillery fire is replaced by cytokines and antibodies 
released into the system, and our troops are white blood 
cells fighting on fronts as they change, connected by the 
bloodstream in a similar fashion to the German defenses 
being connected by tunnels.117

Development of antibodies for SARS-CoV-2 seems to 
progress similar to other viral infections. A puzzling report 
from China reported one patient developed symptoms on 
January 23rd and was admitted to a hospital on 
February 6th after chest computed tomography (CT) con
firmed pneumonia. The patient tested positive for IgG and 
IgM antibodies against SARS-CoV-2 on February 29th, 
although four previous tests of pharyngeal samples with 
RT-PCR were negative for SARS-CoV-2 and other com
mon pathogens.118

SARS-CoV-2 is able to evade the immune system 
through several mechanisms. The M protein of SARS- 
CoV-2 has been found to target the Golgi complex, 

suppressing Interferon type I (IFN-a/-B) gene 
expression.119 By blocking the production of IFN-a and 
IFN-B, SARS-CoV-2 delays the response of leukocytes 
and fibroblasts, which have a pro-inflammatory role in 
response to viral infection.120 SARS-CoV-2 also has the 
virulence factor nonstructural protein 1 (Nsp1) which aids 
in immune evasion by binding with the 40s ribosomal 
subunit and preventing entry of mRNA. This interaction 
was confirmed via cryo-electron microscopy and both 
Nsp1-40S and Nsp1-80S complexes were observed.121 

ORF8 in SARS-CoV-2 gives the virus additional immune 
evasion by associating with MHC-I, with colocalization 
confirmed with confocal microscopy. MHC-I is bound by 
ORF8, removed from the membrane by autophagy, and 
then targeted for lysosome degradation.122

The “cytokine storm” that has been observed with 
SARS-CoV-2, is similar to the large release of cytokines 
seen with SARS-CoV infection previously.123 Cytokines 
found to be elevated in patients are IL-1B, IL-1RA, IL-7, 
IL-8, IL-9, IL-10, basic FGF, GCSF, GMCSF, IFN-y, IP- 
10, MCP-1, MIP 1-a, MIP 1-B, PDGF, TNF-a and VEGF, 
with higher levels of IL-2, IL-7, IL-10, GCSF, IP-10, 
MCP-1, MIP 1-a and TNF-a in ICU patients relative to 
non-ICU patients.124 This cytokine storm, along with the 
loss of ACE2, contributes to multiple system organ failure 
in severe cases.118,125 Interestingly, while infants are sus
ceptible to SARS-CoV-2 and may experience symptoms, 
they often have milder cases of COVID-19, with less cases 
of cytokine storms reported. One study described four 
infants under twenty-eight days old who all had mild 
symptoms and one of the four was asymptomatic.126 

Another study highlighted nine infants aged one month 
to one year who also only experienced mild symptoms, 
one-third of the infants showed no symptoms.127 In both 
cases, none of the children were recorded as needing 
intensive care.126,127

Lymphopenia has been observed with SARS-CoV-2 
infection. Further analysis showed that patients character
ized with severe COVID-19 had lower B cell, T cell and 
natural killer cell (NK) counts than those with a milder 
illness.128,129 Lymphopenia can reduce the immune 
response to the virus, allowing the infection to progress 
further. This also occurs in untreated HIV infection, in 
which HIV will severely deplete the host CD4+ T cell 
population. CD4+ T cells may die via a number of 
mechanisms as a result of HIV infection. For instance, 
apoptosis may occur in CD4+ T cells as a result of direct 
viral cytotoxicity triggered by HIV viral proteins and 
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abnormally activated immune signals.130 Additionally, 
Doitsh et al demonstrated in ex vivo cultures of HIV- 
infected human tonsil tissue that >95% of dying CD4+ 
T cells were abortively infected.131 Abortively infected 
CD4+ T cells triggers caspase-1 and caspase-3 signaling 
pathways, eventually leading to cell death by pyroptosis, 
an inflammatory form of apoptosis. This is followed by 
recruitment of additional immune cells to the site of pyr
optosis. Inevitably, this may lead to more frequent abortive 
infections, causing CD4+ T cell death via pyroptosis in 
a cascade-like fashion.132

This is further complicated as the early stages of HIV 
infection may go largely unnoticed, often being dismissed as 
a cold or flu. A research group following a cohort based in 
San Diego, California identified the most common symptoms 
of acute HIV infection as fever, myalgia, fatigue, headache, 
night sweats, pharyngitis, and gastrointestinal symptoms; 
whereas rash, weight loss, and arthralgia are less common, 
but prevalent nonetheless.133 As the disease progresses, the 
host innate response is detected just before or when viral 
RNA reaches detectable levels, which is 100 copies per mL 
as determined by Koff et al.134,135 This is then followed by an 
increase in the levels of cytokines and chemokines in the 
plasma of the host. IL-15, type I IFNs, and CXCL10 will 
increase rapidly, but only briefly. IL-18, TNF, IFNy, and IL- 
22 increase rapidly; however, their levels are maintained 
high.136 Induction of type I IFNs places the secreting cell 
and neighboring cells in an antiviral state, activating IFN 
stimulating genes in the process.137 This IFN cascade trig
gers upregulation of the constitutively expressed genes 
TRIM5a, APOBEC3, and tetherin, which are host intrinsic 
restriction factors that function as an innate defense against 
viruses. Tetherin and APOBEC3 prevent virion particles 
from escaping and TRIM5a prevents productive infection 
of HIV. However, HIV has evolved a mechanism of escape 
from these proteins. In particular, activity from APOBEC3G 
and BST-2/tetherin can be counteracted by HIV Vif and Vpu, 
respectively.138,139

As the viremia in the host begins to decline 1 to 2 
weeks after reaching peak levels, the T cell response will 
spike.140,141 During the first few weeks of infection, the 
population of HIV has not diverged from the founder 
virus, remaining largely a homogenous population up to 
this point in time. This occurs because the host adaptive 
immunity takes approximately 21 days to respond to the 
initial inoculation of HIV.142 Within 50 days, HIV-specific 
T cells targeting HIV env and nef, appear. As this occurs, 
viremia in the host begins to decline and the host will enter 

the next stage of infection. As the population of HIV 
declines, mutant strains are selected for and are able to 
escape the immune system. The first mutants will have 
changes in epitopes targeted by T cells, namely env and 
nef. As selection continues to occur, first by T cells and 
later by HIV-specific antibodies, HIV will begin to 
develop clusters of mutations throughout its genome as 
one of the mechanisms to escape the host immune system. 
Though most of the initial strain of HIV will be gone, the 
few remaining will be mutant strains that are able to 
efficiently evade the immune system.143

A study in KwaZulu-Natal, South Africa, focused on the 
immune response of PLWH+CoV2 and included 124 parti
cipants. Immune response to SARS-CoV-2 was altered in 
PLWH, with higher levels of CD8 T cells being observed. 
Despite elevated CD8 T cells, PLWH who were on an ART 
regiment experienced milder symptoms of COVID-19, even 
if their HIV loads were undetectable.144

Antiretroviral Therapy: Refusing the 
Flank
When an army is flanked and fighting on two fronts, they 
may “refuse the flank” by concentrating their forces and 
effort on one side of the flank. This may allow them to 
defeat one threat, and then focus their remaining forces on 
the other threat. In the case of SARS-CoV-2 and HIV co- 
infection (Figure 2), ART can be given to patients to keep 
HIV in check, allowing the immune system to focus on 
SARS-CoV-2.9,10 Noteworthy, the lifelong persistence of 
the virus, particularly in anatomical reservoirs in patients 
receiving suppressive antiretroviral therapy, provides 
a latent source of virus that can easily increase viremia 
and re-gain territory upon discontinuation of antiretroviral 
drugs. Therefore, although HIV infections may be consid
ered a chronic, epidemic disease, PLWH still live with 
a virus waiting for an opportunity to attack.

Several studies have used the antiretroviral drug 
Lopinavir/Ritonavir (LPV/r), a type 1 aspartate protease 
inhibitor shown to have in vitro efficacy against SARS- 
CoV and SARS-CoV-2, to test their efficacy in treating 
SARS-CoV-2, but the treatment was not significantly effi
cacious in some studies, and many reported patients hav
ing adverse digestive events, such as nausea, diarrhea and 
vomiting, due to the LPV/r.145–147 Cao et al reported no 
differences in time to clinical improvement between the 
LPV/r and control groups, with improvement averaging 16 
days for both. Cao et al also noted that adverse events of 
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nausea, vomiting and diarrhea were more common with 
LPV/r treatment.145 Li et al conducted a trial having LPV/ 
r, Arbidol, and control groups. Arbidol, generic name 
umifenovir, is an anti-influenza medication not currently 
approved in the US There were no significant differences 
in the rates of viral clearance for any of the groups, with 
each group averaging approximately 9 days for patients to 
test negative for SARS-CoV-2 nucleic acid. Additionally, 
35.2% of the LPV/r patients experienced adverse events, 
as well as 14.3% of the Arbidol group, with no apparent 
adverse events in the control group.146 Another study 
investigating LPV/r explored monotherapy against LPV/r 
and Arbidol combination therapy and was conducted by 
Deng et al. By day seven of the trial, 75% of the combina
tion group had negative pharyngeal samples for SARS- 
CoV-2, whereas the monotherapy group had a rate of 35%. 
Similarly, 69% of the combination group had improved 
chest CT, with only 29% showing improvements with 
monotherapy.147 A small study of 10 patients in China 
used LPV for treatment of SARS-CoV-2 upon initial hos
pitalization, but three had to stop treatment due to adverse 
events, while 5 of the remaining patients reported diges
tive adverse events. In this report, 80% of the patients 
reported increases in eosinophil counts with LPV treat
ment; however, the conclusions of that study suffered from 
the absence of a control group for comparison.148

Remdesivir is an adenosine nucleoside analog which 
inhibits replication of viral RNA genomes by inhibiting 
RNA-dependent RNA polymerase and previously showed 
efficacy in vitro against Ebola, MERS, and SARS.149–151 

A large double-blind, randomized, placebo-controlled trial, 
dubbed ACTT-1, for treatment of COVID-19 with remde
sivir concluded on April 19, 2020 and had 1063 partici
pants that were randomized into a control or remdesivir 
group.152 Patients taking remdesivir had a median of 11 
days until recovery versus a median of 15 days for the 
control group. While not significant, the remdesivir group 
had a lower mortality rate than the control group, with 
Kaplan-Meier estimates of 7.1% and 11.9%, respectively. 
Fewer patients in the remdesivir group experienced 
adverse events than the control group, 21% and 27%, 
respectively.152 A smaller trial was conducted in Hubei, 
China, finished March 12, 2020 and 237 patients partici
pated, 158 patients in the remdesivir group and 79 in the 
placebo group. Clinical Improvement rates at day 14 were 
not significantly different between the remdesivir group 
and the control with 27% and 23% recovering, 
respectively.153 By day 28, mortality rates did not differ 

significantly either with the remdesivir group having 15% 
mortality and the control having 13%. Adverse events 
were also not significantly different between the remdesi
vir group and control group, with 66% and 64% of the 
patients having some adverse events, respectively.153 More 
research is being conducted on the use of remdesivir to 
treat COVID-19. Recruitment for Adaptive COVID-19 
Treatment Trial 3 (ACTT-3) is ongoing and will explore 
the use of a remdesivir plus interferon beta-1a 
combination.

Closing Remarks: Debrief
The prognosis of polyparasitic infections with HIV and 
SARS-CoV-2 remains as enigmatic as SARS-CoV-2 infec
tions and COVID-19 itself. In this comparative review, we 
describe the clinical observations derived from small and 
large cohorts of patients co-infected with HIV and SARS- 
CoV-2 in several countries, as well as virological simila
rities and differences between these two pandemic viruses.

With HIV known to deplete immune cells in the host, 
and successful antiretroviral therapy known to rescue 
immune competency, chronic HIV-infected individuals 
still face co-morbidities that can sometimes be life- 
threatening, like severe pulmonary vascular disease. 
Now, with SARS-CoV-2 as a co-pathogen, it is conceiva
ble that co-infections may lead to severe COVID-19. 
Current reports in the literature document a wide spectrum 
of symptoms and severities for COVID-19, and future 
research focusing on co-morbidities may elucidate the 
key factors that determine severity.

An important distinction between HIV and SARS-CoV 
-2 is that the former directly attacks and kills the immune 
system’s soldiers on the front lines, utilizing direct and 
indirect cytopathic effects to macrophages and lympho
cytes. In stark contrast, SARS-CoV-2 while it causes 
some lymphopenia, it has the capacity to cause friendly 
fire with the body, invoking severe cytokine storms that 
end up hurting the host, with varying degrees of COVID- 
19 onset, development, and recovery.

Severe COVID-19 has been postulated to result from 
damaging, elevated immune responses leading to multi- 
organ failure. It remains unknown whether HIV contributes 
to the progression to COVID-19 or if current antiretroviral 
interventions, originally tailored for HIV, protect the 
patients from developing severe COVID-19. It is likely 
that PLWH+CoV-2 are spared from a severe cytokine 
storm when the virus reaches the lungs and spreads 
throughout the body via the blood-air exchange at the 
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alveolar-capillary barrier. Severity of symptoms in this case 
would vary depending on the individual and the progression 
of the viral infection. This is illustrated in Figure 3. This 
may be due to chronic impact of HIV in lowering the 
overall immunocompetency of the patients, even when 
receiving antiretroviral therapy. While immunosuppression 
would make them more susceptible to infection, it also may 
decrease the immune response to infection, reducing the 
damage that occurs from the inflammation resulting from 
SARS-CoV-2 infection.

Based on the clinical profiles discussed above, the 
immune system largely determines the progression of 
COVID-19 symptoms and severity of symptoms. 
Following airborne exposure, effective barriers and 
deployment of the immune system troops can prevent 
spreading of the SARS-CoV-2 infection to the lower 
respiratory tract and eventual systemic infection. If the 
virus remains in the upper respiratory tract, the yellow 
box in Figure 3, only milder symptoms such as anosmia 
can occur. In some subjects, SARS-CoV-2 may evade the 
immune response at the upper respiratory level but meet 

resistance in the bronchioles and alveoli, leading to severe 
and sometimes fatal COVID-19.

The novelty of SARS-CoV-2, along with the unknowns 
associated with the impact of pathogen co-infections, chal
lenges the design of therapeutic approaches that might 
help patients with increased susceptibility for severe 
COVID-19 illness. For COVID-19, an ideal strategy 
would block viral entry to susceptible cells, disrupt viral 
replication in cells, and boost the immune system while 
avoiding an increased release of cytokines on top of the 
cytokine storm. Nevertheless, the most important defen
sive measure to take is still prevention of transmission. 
The fact that enveloped viruses like SARS-CoV-2 are 
susceptible to detergents and alcohols make it an easily 
killable target; therefore, basic hand washing and use of 
face coverings to contain secretions should prevail as first 
lines of defense.

Disclosure
Dr Nicola Petrosillo report personal fees from Pfizer, 
Speakers’ bureau from MSD, Shionogi, Becton & 

Figure 3 Hypothetical differences in immune response in HIV/SARS CoV-2 co-infection and SARS-CoV-2 mono-infection and potential implications in the development of 
COVID-19. A milder immune response is observed in HIV/SARS CoV-2 co-infection, potentially due to a chronically lower immunocompetency in patients living with 
managed HIV. While the patients are not immunodeficient, they are immunosuppressed. This may reduce the severity of the inflammation that occurs with infection, and lead 
to a better prognosis for PLWH who become infected with SARS-CoV-2. In turn this would mean a weakened cytokine storm would occur when the virus has reached the 
lungs and entered the blood, spreading to other organs. The weakened cytokine storm would entail lower systemic inflammation and cause less damage to other organs.
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