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The two great viral pandemics of our days

Total = 535 million

COVID-19 cases around the world (september 6, 2023)

Since beginning of pandemic
HIV Infected= 84.2 million [64.0–113.0 million] 
Deaths = 40.1 million [33.6–48.6 million]

Although first reported June 5, 1981, declared an epidemic in 1985 First reported December 1st, 2019
Pandemic declared March 11, 2020
Ended May 5, 2023

Deaths = XXXXX million since beginning of pandemic

Since beginning of pandemic
 Infected= 768 million
Deaths = 7 million



BA 2.86 «pirola» (08/23 UK)

Variant under monitoring

30 additional spike changes vs BA lineage



Comparing viruses side by side…



Human Immunodeficiency Virus (HIV)
• Retroviridae virus family, 
• 50% homology with SIV found in wild chimpanzees 
• Likely made the transfer to humans early in the 20th
• HIV-1 is transmitted sexually or through body fluids, 
• Leads to a chronic infection 
• Results in immunodeficiency and death by OI.
• Reverse Transcriptase without proof reading

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
• Coronavirus family
• >95% homology bat coronavirus
• Likely made the transfer to humans 2019 (market Huan)
• SARS-Cov-2 is transmitted by respitarory dropless, airbone
• No leads to a chronic infection (?)
• Results in respiratory insufficiency and death in frailty people
• RNA-directed RNA polymerase (RdRp) with proof reading activity.

sRNA 27-32 Kd (longest known) ssRNA  9.3Kd



Human Immunodeficiency Virus (HIV)
• Target: CD4 T lymphocyte, macrophage, dendritic cells

CCR5, CCR4-coreceptor
• Symptoms: flu-like, mononucleosis like (acute phase)
• Percentage death without treatment >95%.

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
• Target: ACE2 receptor (lung, heart, blood vessel, kidney)

• Symptoms: difficult breathing, fever, pneumonia
• Percentage death without treatment 1-4%.

a) Fear in the population
b) Existence of animal reservoirs
c) Increased synthesis of proinflammatory cytokines
d) Modifications of the intestinal microbiota.
e) No or mild symtoms in animal reservoirs but severe when infect humans

Similarities



Replicative cycle

Saleemi et al., Infection, Genetics and Evolution 2020

SARS-CoV-2 HIV-1



ENV in HIV and S in SARS-CoV-2: similar function
and different structure…



Gp41

HIV envelope glycoprotein (gp120–gp41)
C1-C5: Conserved region
V1-V35: Variable region
F: Fusion peptide
HR: Eptad repeat

Gp41 

transmembrane glycoprotein

Surface glycoprotein



1- gp120 binds to CD4 (D1-D2), and with the chemokine co-
receptor

2. conformational changes in the gp41 (V1-v2) that expose HR1 and 
HR2 (v3)

3- form a six-helix bundle structure that bring the host and viral 
membranes together for fusion (fusion pore)

Model of HIV entry

The envelope glycoprotein (gp120–gp41) is the major 
immunogen protein of HIV  to which neutralizing antibodies are 
directed



The Spike (S) protein (of about 150kDa) is the major

antigen presented on the surface of SARS-CoV-2

• The S protein forms a
protruding from the viral surface to
attach to the host cellular receptor
ACE2.

Wrapp D et al. Science. 2020



The S protein is a trimer, and each monomer comprises an N-terminal S1 subunit and a C-terminal S2 subunit. 
S1 subunit further separates into the N-terminal domain (NTD), subdomain 1 (SD1), subdomain 2 (SD2) and RBD. 
S2 subunit further divides into the fusion peptide (FP), the heptad repeats 1 (HR1), and heptad repeat 2 (HR2) 

During the virus entry phase, S1 is responsible for the receptor binding, while S2 is involved in the membrane fusion.

Protease membrane human cells:

• TMPRSS2 (cut s1/s2)

• Furine (cut S2’)



Cody Nature 2022

TMPRSS2/Furine host

S1/S2 dissociation



Cody et al. Nature 2022

Cody Nature 2022



SARS-CoV-2 Viral Entry Mechanisms



Infection dynamics and eradication



HIV rapid spread and dissemination are favoured by
the presence of different target cells in multiple organs

Melissa Pope & Ashely Haase Nature Medicine, 2003
Mario Stevenson Nature Medicine, 2003



HIV hiding places:



Lebeau et al., IJMS 2020

SARS-CoV-2 cytoplasmic localization

allows for viral clearance



Puhach Nature 2023

Incubation: 4.6-6.4 d
Symtoms: 10 d
RNA clearance : 16 d
Infectious: up to 8-10 d post onset



Puhach Nature 2023

RNA clearance faster in vaccinated
Infectious viral load lower in vaccinated and faster decline



Proal et al  Nat Immunol 2023



Extremely different variability





SARS-CoV-2 exhibits an extremely low variability

respect to others RNA-based viruses

Rausch et al., 2020



Comparative genetic diversity among coronaviruses and select viral pathogens

Modified accordig to Peck et al., 2017

Sars-Cov-2

Sars-Cov

Mers

HIV

SARS-CoV-2

Evolutionary rates (substitutions per nucleotide site per year [s/n/y])
Mutation rate (substitutions per nucleotide site per cell infection [s/n/c])



Hedskog et al., PLoS One. 2010

Within an HIV-1 infected individual,

selective  pressures,  such  as  the  host

immune response and ART, influence the

evolution of the virus.

This leads to the formation of a diverse

pool  of  closely  related  virus  variants

(quasispecies).





SARS-COV-2: acute infection = low immune presion, short therapy (vaccine ??)

HIV: chronic infection   = high immune presion, chronic therapy

















HIV-1 distribution wordlwide 2019



HIV variability and antiviral 
drugs



Immunological pression:
HIV-1 quasispecies co-existence and subvariant selection

https://retrovirology.biomedcentral.com/articles/10.1186/s12977-017-0354-5

Longitudinal  analysis  of  HIV-1  proviral  env

sequences obtained from subjects PEC52 (a,

2000–2013,

respectively.

2000–2012 and 2000–2 0 11 ,

a–c ML phylogenetic trees for each individual

are shown, in which horizontal branch lengths

indicating nucleotide substitutions per site.

d–f Plots of the root-to-tip distance against

sequence  sampling  time  are  shown  below

regression and X intercept of linear regression

analysis is indicated. The colors of the circles

sampling

obtained

year at which sequences were



Wensing AM, et al. Top HIV Medicine 2019

Actually HIV-1 cumulated more than 100 mutations have

been associated with ART resistance



2018



Drug Resistance Mutations in HIV Provirus 
are Associated with Defective Proviral
Genomes with Hypermutation. 

Li Y, et al . AIDS. 2021 Jun 1;35(7):1015-1020. 



August 2023

Our results establish the previously unrecognized capacity of antivirals to broadly alter the phenotypic antimicrobial 
resistance profiles of both gram-negative and gram-positive bacteria Escherichia coli and Bacillus cereus. 

Bacteria exposed to antivirals including zidovudine, dolutegravir and raltegravir developed cross-resistance to 
commonly used antibiotics including trimethoprim, tetracycline, clarithromycin, erythromycin, and amoxicillin



SARS-COV-2 variability and 
antiviral drugs



https://nextstrain.org/ncov/gisaid/global/all-time

Low variability is balanced by high transmission and worldwide diffusion:

SARS-CoV-2 mutates and evolves during the course of adaptation in humans



SARS-CoV-2 RNA protease as target therapy

The Lopinavir-ritonavir combination is one the first repurposed drugs used in the treatment of COVID-19.

▪They did not improve virological cure, radiological findings, mortality in COVID-19 patients

Cao et al., NEJM 2020

In hospitalized adult patients with severe Covid-19, no benefit was observed with lopinavir–ritonavir
treatment beyond standard care



https://www.nature.com/articles/d41573-020-00016-0

SARS-CoV-2 RNA-dependent RNA-polymerase as first target therapy

Initial analyses indicate that the catalytic sites of SARS-CoV-2 RNA polymerase,

that could represent antiviral targets, are highly conserved.

BUT…..



• RdRp    is    characterized    by    2

mutations:    P323L    mutated    in
100%   of   BA   sublineages   and

sublineages.

• No   mutations   are   localized   in

palm   (RNA   template   and   NTP
binding site) and thumb (template

P323L

R285C The structure of SARS-CoV-2 RdRp showing the

residues coloured against different mutational rate

(dark green).

Focusing on RdRp variability of Omicron clade





Remdesivir,  Molnupiravir  and  Nirmatrelvir  remain  active  against

SARS-CoV-2 Omicron and other variants of concern

Vangeel et al., Antiviral research 2022



Importantly,  antiviral  drugs  remdesivir  and  molnupiravir  retain

efficacy against Omicron and the newest BA.B.2.86

Meng, B. et al. Nature 2022



Focusing on Omicron Nsp5- 3CLpro…

The structure of SARS-CoV-2 Nsp5-3CLpro showing the

active site in blu and the residues coloured against

• Nsp5-3CLpro is characterized by one 

mutation (P132H)

involved

complex.

in the 3CLpro–PF

• No resistance



• Nsp5-L50F/E166V and Nsp5-L50F/E166A/L167F mutant viruses showed decreased susceptibility to nirmatrelvir
• Both mutants are dominated by the wild-type virus, therefore they do not become dominant in nature
• However, it is important to closely monitor the emergence of nirmatrelvir-resistant SARS-CoV-2 variants because resistant 

viruses with additional compensatory mutations could emerge, outcompete the wild-type virus, and become dominant.



Monoclonal Antibodies (mAb)

Escape



As expected, mutations causing the strongest resistance were found within the 
binding footprint of the mAb at cognate epitope positions in the spike RBD





Omicron is resistant against neutralization by several therapeutic antibodies

Hoffman et al., Cell 2022



Resistance mutations in SARS-CoV-2 omicron variant

in patients treated with sotrovimab

Vellas C et al., CMI 2022

Sotrovimab-resistant spike mutations were observed in half of the patients who remained SARS-CoV-2

RNA positive 7 to 21 days after infusion.





HIV-1 extreme genetic variability behind mAb treatment failure

Julg, Nature Med 2022

All participants either showed resistance to

PGDM1400 and PGT121 at baseline or showed viral

escape at rebound.

By analyzing Env sequences from participant isolates

with the matched neutralization data they identified

the mutations underlying the resistance patterns







Mutations resistance in V5 region

Resistance has been observed to develop within 1–2 weeks in patients receiving ibalizumab monotherapy 





• Longer virus replication (duration)---- Higher chance that mutated/recombinant virus occur

• Higher risk of SARS-COV-2 evolution in immunocompromised host

Immunocompromised patients: 

weak immune pression therefore virus tend to increase infectivity with lower pathogenicity

Is conceivable that in those patients virus evolution produce strains more infectious but less pathogenic and

probably without immunoscape properties



CONCLUSIONS

SARS-CoV-2 and HIV share some functions and replication steps, but the difference among them 

is greater than the similarities:

-  Lifetime persistence (HIV) vs natural elimination (SARS-COV-2)

-  High (HIV) versus intermediate rate of variability (SARS-COV-2)

 
- Intermediate rate of replication and diffusion (HIV) vs extremely

    high rate of diffusion (SARS-COV-2)

 
Final result: Relatively similar rate of variability

- Abundant presence of quasispecies (HIV) vs absence (SARS-COV-2)

- High resistance to drugs (HIV) vs low resistance (SARS-COV-2)

- Available mAb againts host (HIV) or virus (SARS-COV-2)
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