
Trent’anni di scoperte in HIV: i grandi 
errori commessi e le grandi sfide da 

affrontare 

Massimo Galli 

DIBIC L.Sacco, Università di Milano 

Ovvero considerazioni e digressioni su 
risultati e controversie, con un accorato 

appello finale 



MMWR  June 5, 1981: 30 
• Pneumocystis pneumonia --- Los Angeles 

In the period October 1980-May 1981, 5 young men, all active 
homosexuals, were treated for biopsy-confirmed Pneumocystis 
carinii pneumonia at 3 different hospitals in Los Angeles, 
California. Two of the patients died. All 5 patients had 
laboratory-confirmed previous or current cytomegalovirus (CMV) 
infection and candidal mucosal infection. Case reports of these 
patients follow”. 
 
“Patient 1: A previously healthy 33-year-old man developed P. 
carinii pneumonia and oral mucosal candidiasis in March 1981 
after a 2-month history of fever associated with elevated liver 
enzymes, leukopenia, and CMV viruria. The serum complement-
fixation CMV titer in October 1980 was 256; in may 1981 it was 
32.* The patient's condition deteriorated despite courses of 
treatment with trimethoprim-sulfamethoxazole (TMP/SMX), 
pentamidine, and acyclovir. He died May 3, and postmortem 
examination showed residual P. carinii and CMV pneumonia, but no 
evidence of neoplasia…………….” 
 



• Prime positività italiane ‘autoctone’ documentate in 
sieri conservati di tossicodipendenti ricoverati per 
epatite acuta nel 1979 a Milano 

 

• Penetrazione dell’HIV-1 in Italia: presuntivamente 
fine degli anni ’70 

 

• Alla metà degli anni ’80, il 70% dei tossicodipendenti 
afferenti al NOT dell’ospedale Sacco risultava essere 
sieropositivo per HIV 

Epidemia da HIV-1 in Italia: gli inizi 



It happened on Friday, 4 February 1983, at 5:45 p.m. 

F.Barrè-Sinoussi, Nature Med, July 2003 

Non sono bolle di sapone….. 



1987 

Viene introdotto l’AZT 

Peter Duesberg nega che l’HIV sia la causa 
dell’AIDS 

La contesa  
per la 
paternità 
della 
scoperta del 
virus 



digressione prima…… 

ma da dove arriva questo virus ? 

in principio fu lo scimpanzè….. 



HIV-1M (pandemico) e HIV-1N (non pandemico)  
da Pan troglodytes troglodytes 

• Prevalenza in alcune colonie tra il 29 e il 35%                                              

      Keele et al, Science 2006; 313: 523-526 



Una storia tra scimmie 

• Diversi di questi sono passati da una specie all’altra 
generando nuovi patogeni  

• Le scimmie 
del vecchio 
mondo sono 
infettate 
da più di 40 
lentivirus 
(simian 
immunodefic
iency virus 
-SIVs).  

Sharp and Hahn 
Cold Spring Harb 
Perspect Med 
2011 



Phylogeny of lentiviruses 
• The phylogenetic 
tree was 
estimated using 
maximum 
likelihood methods  

• The scale bar 
represents 0.10 
amino acid 
replacements per 
site. 

Sharp and Hahn Cold Spring Harb Perspect Med 2011 

http://www.primates.com/chimps/chimpanzee.html


 

….because terrestrial 
mammal populations in 
Madagascar and Africa are 
likely to have been isolated 
from one another for at 
least 14 million years, the 
presence of pSIVgml in the 
gray mouse lemur genome 
indicates that lentiviruses 
must have been infecting 
primates for at least this 
period of time… 

Microcebus murinus 



Host restriction factors 

• The potential of an SIV to infect a new primate species is  
influenced by its ability to counteract different host 
restriction factors. 

• Three classes of restriction factors have been shown to 
constitute barriers to SIV cross species transmission.  

  (1) APOBEC3G (apolipoprotein B mRNA editing enzyme 
      catalytic polypeptide-like 3G), which interferes with 
      reverse transcription (Sheehy et al. 2002);  

  (2) TRIM5a (tripartite motif 5° protein), which     
     interferes with viral uncoating (Stremlau et al.2004);  

  (3) Tetherin (also termed BST-2 and CD317) which 
     inhibits the budding and release of virions from 
     infected cells (Neil et al. 2008).  



Il ‘caso’ del 
PtERV1 

• Nel genoma di scimpanzè e 
gorilla sono presenti più di 
cento copie di PtERV1.  

• La derivazione monofiletica 
delle sequenze suggerisce 
che un’antica epizozia abbia 
coinvolto le due specie.  

• Il confronto tra le 
sequenze delle due specie 
fa risalire il periodo di 
attività di PtERV1 a 3-4 
milioni di anni fa, quindi 
dopo la separazione dei 
lignaggi di Homo e Pan 

Yohn et al PLOS Biology 2005,3: e110 



Possibili conseguenze nel presente di una 
strada imboccata quattro milioni di anni fa  
 

• Nel genere Homo, TRIM5α è incorsa, negli ultimi 4-5 
My, in episodi di drammatica selezione positiva, 
probabilmente indotti da uno o più retrovirus patogeni 
 

• La TRIM5α umana conferisce resistenza verso lo PtERV1 
‘ricostruito’ dallo scimpanzè: si ipotizza che la sua 
acquisizione abbia fatto imboccare alla nostra specie una 
strada evolutiva che fa si che la nostra TRIM5α sia 
incapace di proteggerci da HIV  

Kaiser, Malik e Emerman Science 2007,316: 1756-58 



L’abuso della foresta…. 
 Può sembrare incredibile che 

un’epidemia di proporzioni mondiali possa 
avere avuto origine dalla macellazione di 
uno scimpanzè 

 Del resto, non è stata ne la prima ne, 
probabilmente, l’ultima volta: uno studio 
attuato in Camerun su cacciatori e 
manipolatori di ‘carni della foresta’ ha 
evidenziato una prevalenza del 10% di 
infezioni con altri retrovirus, due dei 
quali mai isolati in precedenza nella 
nostra specie.   

 La progressiva violazione della foresta e 
l’aumento della richiesta di bushmeat 
hanno contribuito a e potrebbero 
ulteriormente causare la disseminazione 
di infezioni   



Origine di una pandemia 

• La forma pandemica di HIV-1, 
detta main (M) group, ha infettato 
non meno di 60 milioni di persone, 
causando 25 milioni di morti. 

 

• Analisi filogenetiche datano l’ultimo 
antecessore comune del gruppo M 
tra il 1910 e il 1930, con stretti 
limiti di confidenza              
(Korber et al. 2000; Worobey et al. 2008).  

• Studi epidemiologici e molecolari indicano nell’area 
attorno a Kinshasa (allora Leopoldville) la sede 
della diversificazione di HIV-1. 

http://www.primates.com/chimps/chimpanzee.html


Distribuzione geografica delle forme 
genetiche di  HIV-1 al 1980-1990 
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Distribuzione geografica delle forme genetiche di HIV-1 
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1996: l’anno della svolta 

Introdotta HAART con risposta clinica “drammatica” 
(“Lazarus Syndrome”). 

Identificati i corecettori di HIV CXCR4 e CCR5 

23 milioni di infetti nel mondo, in Italia 34.430 casi 
cumulativi di AIDS   

http://www.sciencemag.org/content/vol274/issue5295/cover.dtl


1987-2013:  
relazione tra l’introduzione degli ARV               

e le denunce di AIDS in Italia 
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Registrational Treatment-Naive Clinical Trials: 
Cross-Study Comparison*  

HIV RNA <50 c/mL at Week 48 

NRTI backbone 

FTC/TDF 
3TC/ABC qd 
3TC+ABC bid 
3TC/ZDV 
3TC+TDF 

% of Patients with HIV-1 RNA <50 copies/mL at Week 48 *This slide depicts data from multiple studies published from 2004-2012.  Not all regimens have been compared head-to-head in a 

clinical trial  
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digressione seconda… 

• …..ci dobbiamo accontentare ? 



Accontentarsi è giusto? 

• Nella stretta della crisi economica incalzano 

indicazioni al risparmio che possono confliggere con  

la ‘scelta terapeutica migliore’ per il singolo paziente. 
 

• Le diverse realtà assistenziali e sociali nei Paesi 

industrializzati inducono orientamenti terapeutici 

diversi, condizionati talvolta più da criteri 

organizzativi che scientifici. 
 

• Non sempre l’approccio più semplice è il migliore 

possibile, così come il più economico nell’immediato   

è realmente il più conveniente a lungo termine. 



Gardner et al. CID 2011; 52:793-800 

Meno dell’80% dei trattati con VL undetectable 
Solo il 40% dei pazienti ‘in contatto’ con i Centri 
risulta in trattamento 



Quanto lunga deve essere la coperta?  

http://www.google.it/url?sa=i&rct=j&q=coperta+lunga,+coperta+corta&source=images&cd=&cad=rja&docid=Qt-IgGeuuxIX4M&tbnid=YxAETO3GQprJAM:&ved=0CAUQjRw&url=http://www.leggioggi.it/2013/04/30/blocco-imu-e-iva-letta-li-assicura-ma-non-ci-sono-le-coperture/&ei=bAGmUfWWGMnfOp66gMAP&bvm=bv.47008514,d.ZWU&psig=AFQjCNF7oSKD6cZAy1eODt5a5N_CUyD76w&ust=1369920224061999


Virologic Suppression and Rebound 
1247 patients on ART with VL <50 

evaluated: 40-49; <40 but detectable RNA; no RNA detected 

Doyle T et al., CID 2012;54:724-732 

Adjusted HR for rebound:  4.7 for 40-49 cps/ml, 2.0 for RNA+ vs. RNA- 
Conclusion: The goal of <50 cp/mL may need to be revised. 

Time to single VL >50 Time to confirmed or latest VL >50 



 

• RV : increased risk of 
rebound 

   

 

  Take home messages 

• In any case, the 
lowest is the best 

Low level virological failure and residual 
viremia: does it matter? 

 

 

• RV: Not good for your 
CD4 count, probably not 
good at all 

http://www.google.it/url?sa=i&rct=j&q=coperta+lunga,+coperta+corta&source=images&cd=&cad=rja&docid=_W2r5-R40DBjwM&tbnid=5bUZQwRbzbE0HM:&ved=0CAUQjRw&url=http://www.lucianavone.it/la-coperta-e-corta/&ei=QQKmUejTC42APeffgJgH&bvm=bv.47008514,d.ZWU&psig=AFQjCNF7oSKD6cZAy1eODt5a5N_CUyD76w&ust=1369920224061999


Per non accontentarsi…. 

• Test and treat? 

• Trattamento come prevenzione 

• Estensione della ricerca alle 
problematiche di genere in terapia 

• Infiammazione, competenza immunitaria, 
comorbosità 

• Tossicità, aderenza, convenienza, 
resistenza 



Trattare tempestivamente le persone sieropositive  
è uno degli strumenti di prevenzione più efficaci 

Invertire la marea…. 

 Vaccino (studio tailandese):     31%   (1-51) 

 Gel con TDF:        39%   (6-60) 

 PrEP con TDF:        44%  (15-63) 

 Circoncisione:         57%  (42-68) 

 ART immediata partner HIV+:  96%  (92-99) 

% di successi 



Early starters: 
  < transmission 
  < pVL 
  > CD4  
  < Clinical events 
 

1st  RCT confirming TasP, previously shown 
only in observational cohorts 
 

Cohen et al for the HPTN 052 Study Team. NEJM 2011; 365: 493-505 

Prevention of HIV-1 infection with early ART 



Distribution of TDF concentrations 
according to gender and body weight 

<50 kg >50 kg <65 kg >65 kg 
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** 

Females Males 
- Gervasoni  et al, CROI 2013- 

TDF-related 
toxicity:  
32%   vs.  18% 



 

The appearance of genetically uniform virus populations and 
the lack of divergence after prolonged cART and cART 
interruption provide strong evidence that HIV-1 persists in 
long-lived cells infected before cART was initiated, that 
some of these infected cells may be capable of 
proliferation, and that on-going cycles of viral replication 
are not evident. 



Are we going to 
eradicate HIV? 

digressione terza 
….fino a perseguire l’illusione? 

Dal paziente di 
Berlino alla 
bambina del 
Missouri, ma 

oltre? 



Functional cure approaches  
• Initiation of ART during the very early primary stage 
of acute HIV-1 infection, leading to a long lasting 
control of viremia following c-ART discontinuation 

• Selective depletion of discrete T cell subsets carrying 
the integrated HIV-1 DNA without viral reactivation 

• Shock/kick and kill strategy consisting in  

  - inducing, through drugs, transcription of quiescent,  
replication-competent HIV-1 provirus (shock/kick 
phase), in the presence of ART (to block viral 
spread),  

  - making virus reactivating cells susceptible to immune 
clearance, cytopathic effects and/or the effects of 
ad hoc therapeutics (kill phase). 

 
Battistini and Sgarbanti. Viruses 2014, 6, 1715-1758  



Sterilizing cure approach 

• Engineering of patient’s own T CD4+ 
cells or hematopoietic stem cells 
through the generation of a CCR5 
deletion followed by an autologous 
infusion/transplant with these cells 
that are resistant to infection and 
may take over the original infected 
cell population 

 
Battistini and Sgarbanti. Viruses 2014, 6, 1715-1758  



 
 HIV-1 Latency in Monocytes/Macrophages  

 
• Decline in HIV-1 related deaths has been 

associated with early HAART treatment. 

•  However, complete cure is not possible 
without targeting latent viral reservoirs.  

• The cells of monocyte/macrophage lineage 
are unique in the aspect that they are 
resistant to the cytopathic effects of virus, 
have a long lifespan and therefore can 
disseminate virus for longer periods of time.  

• In addition, they represent anatomical viral 
sanctuaries where HAART penetration is 
poor. 

Kumar, Abbas and Herbein .Viruses 2014: 6;1837-1860.  



Nature. 2012; 487: 482–485.  

…ma nel lavoro pubblicato in JID nel 2014: 
 Although HIV latency is disrupted by an initial VOR dose, the 
effect of subsequent doses in this protocol was much reduced. 
We hypothesize that the global effect of VOR results in a 
refractory period of ≥24 hours. The optimal schedule for VOR 
administration is still to be defined. 
 
Nell’altro studio in vivo, presentato al CROI 2013 da Elliot et al 
Multiple doses of VOR were safe and well tolerated and induced 
a sustained increase in CA-US RNA in CD4+ T cells. 14 days of 
VOR was not associated with any change in HIV DNA suggesting 
additional strategies will be needed to eliminate latently 
infected cells. 



Evidences 

•Conflicting results for 
HDAC (histone 
deacetylase inhibitors) 
for purging reservoirs 

 

•Other strategies are 
being tested 

Take home messages 

• Cure is back in the 
research agenda…but is 
not around the corner 

 

•Meanwhile, HAART is 
still our best tool to 
control HIV 

Are we going to eradicate HIV? 



Appello accorato….. 

• La segnalazione di caso di AIDS e 
di nuova diagnosi di infezione deve 
essere attuata con diligenza, se non 
si vuol prestare il fianco a chi 
preferisce considerare HIV/AIDS 
problemi risolti 



La strada è invece ancora lunga….. 

Grazie per 
l’attenzione 



 

Model of pre-integration and 
post-integration latency in HIV-1 
infected monocytes/macrophages 

• Pre-integration 
latency is governed by 
interplay of host 
restriction factors 
including APOBEC3, 
SAMHD1 and MX2. 
 

• Post-integration 
latency is manifested 
by several mechanisms 
that include chromatin 
remodeling, epigenetic 
mechanisms and host-
encoded miRNAs. 
Furthermore, Tat 
mediated reactivation 
has been also shown.  

PIC: Pre-Integration Complex 

Kumar, Abbas and Herbein .Viruses 2014: 6;1837-1860.  





The Safety and Effect of Multiple Doses of 
Vorinostat on HIV Transcription in HIV+ 

Patients Receiving cART 

 Vorinostat  (VOR) 400 mg OD for 14 days (prospective single 

arm study) administered to 20 HIV+ adults (median baseline 

CD4 721 (range 371 – 1335) cells/µL and duration of virus 

suppression 5.0 (range 2.7 – 13.4) years. 

 Grade 1 or 2 AE  in 90% (18/20) of patients, most commonly 

nausea, diarrhea, fatigue, and thrombocytopenia. No higher-

grade AE, dose modification, or drug discontinuations.  

 One participant had a transient increase in plasma HIV RNA 

while on VOR (peak HIV RNA = 60 copies/mL). All others 

<20 copies/mL throughout follow up.  

Elliott J et al CROI 2013 # 50LB 



Vorinostat: no effect on HIV DNA ? 

• A significant increase in CA-US RNA occurred in 88% (15/17) 

of participants during VOR (p <0.001 for all time points).  

• Compared to BL, mean fold-change in CA-US RNA during VOR 

was 2.53 (95% CI 1.11-3.01, p = 0.029) and after VOR was 

2.78 (95%CI, 1.26-3.91, p = 0.008).  

• There were no significant changes in HIV DNA in all analyses. 

In CD4+ T cells from rectal tissue, there was a trend to an 

increase in CA-US RNA (p = 0.08) but no change in HIV DNA 

(p = 0.59). 

• Conclusions: Multiple doses of VOR were safe and well 

tolerated and induced a sustained increase in CA-US RNA in 

CD4+ T cells. 14 days of VOR was not associated with any 

change in HIV DNA suggesting additional strategies will be 

needed to eliminate latently infected cells. 

 

 

Elliott J et al CROI 2013 # 50LB 


