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Abstract

Prevalence and predictors of Transmitted Drug Resistance (TDR), defined as the presence of at 

least one WHO surveillance drug resistance mutation (SDRM), were investigated in antiretroviral-

naïve HIV-1infected patients, with a genotypic resistance test (GRT) performed ≤6 months before 

starting cART between 2000 and 2010.

3163 HIV-1 sequences were selected (69% subtype B). Overall, the prevalence of TDR was 12% 

(13.2% subtype B, 9% non-B). TDR significantly declined overall and for the single drug classes. 
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Older age independently predicted an increased odd whereas a more recent GRT, a higher HIV-

RNA and C- versus B-subtype lower odds of TDR.
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Introduction

The introduction of combination Antiretroviral Therapy (cART) has allowed to obtain high 

rates[1-5] of success in controlling the replication of HIV. In Italy, the prevalence of TDR 

ranged from 5.9% to 15.1% in two studies between 1992 and 2007[6, 7]. We had analyzed the 

temporal trends and predictors of TDR in Italy in a previous study between 1996 and 

2007[8].

The present study aimed to extend the follow-up of our previous work[8] and to evaluate 

possible predictors and trends of TDR prevalence in the Italian population from 2000 to 

2010.

Materials and Methods

Sequences from HIV-1 infected, treatment naïve patients with a GRT performed ≤6 months 

before starting cART from 2000 to 2010 were retrieved from the ARCA 

databasewww.hivarca.net,8 and from separate databases at the Catholic University of Sacred 

Heart (CUSH) and at the University Hospital “Spedali Civili” of Brescia, Italy. For each 

patient, only the first genotype was considered. We defined an “acute/recent” infection if the 

first HIV positive test was obtained within 1-18 months since the last available negative test 

or if a primary HIV infection (PHI) could be demonstrated and a “non acute/non recent” 

infection when the time between an HIV negative and a subsequent positive test was longer 

than previously stated or when no negative test was available. TDR was defined as the 

detection of at least one mutation among those indicated in the WHO-recommended SDRM 

list updated in 2009 (available at: http://hivdb.stanford.edu/pages/WHOResistanceList.html)
[9].

HIV-1 subtyping was automatically performed upon sequence upload by BLAST[8].

The changes in the prevalence of TDR per calendar year were evaluated with χ2 test for 

trend; logistic regression analysis was used in order to evaluate the predictors of TDR.

Results

A total of 3,163 (65% from ARCA, 14% from CUSH and 21% from Brescia) protease and 

reverse transcriptase sequences obtained between 2000 and 2010 from treatment-naive 

patients were analyzed. Two hundred twenty-six (7%) of 3,163 patients were diagnosed with 

an acute or recent HIV infection.
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The evolution of patients characteristics over time is shown in table 1.

The overall prevalence of any drug resistance mutation in patients with “non acute/non 

recent” infection was 11.7%; NRTI, NNRTI and major PI resistance mutations were detected 

in 7.4%, 5% and 2.9% of patients, respectively. The prevalence of any drug resistance 

mutations was significantly reduced in 2010 versus 2000 (8.2% vs 24.1%, p<0.001). The 

proportion of patients presenting any major IAS mutation associated to NRTI resistance, 

NNRTI resistance and PI resistance in this subgroup is shown in figure 1a.

The overall proportion of non-B strains increased from 18% in 2000 to 24% in 2010 

(p<0.001); the prevalence of unknown subtypes was also increased from 5% to 18% 

(p<0.001) (see figure 1b). The CRF02_AG subtype showed an increase from 3/62 (5%) to 

10/169 (6%, p=0.67) and F1 increased from 3/62 (5%) to 8/169 (5%, p=0.81). Among 

Italian natives, 310/2224 (13%) carried non-B viral strains; the prevalence of these subtypes 

increased over calendar years (11% in 2000–2003, 14% in 2004–07, 19% in 2008–10; 

overall p=0.01), peaking in 2009 (51/251, 25%).

The overall prevalence of subtype B HIV-1 strains was 69%. The prevalence of TDR was 

higher in B- than in non-B subtype (13% vs. 9%, p=0.002) carriers. The prevalence of TDR 

in subtype B and non-B was 8% and 5% for NRTIs (p=0.003), 6% and 3% for NNRTIs 

(p<0.001), and 3% each for PIs (p=0.94); the changes over calendar year in the trends for B 

and non-B subtypes is shown in figure 1c-d.

In patients diagnosed with an acute or recent HIV infection from 2000 to 2010 the overall 

prevalence of any drug resistance mutation was 14%; NRTI, NNRTI and major PI resistance 

mutations were detected in 7%, 7% and 3% of patients, respectively. Subtype B HIV-1 was 

detected in 185/226 (82%) samples; the most frequently observed non-B subtype was F1 

(5%).

At multivariable logistic regression analysis, older age independently predicted higher odds 

of transmitted drug resistance mutations. More recent calendar year, higher plasma HIV-

RNA and infection with non subtype B strains independently predicted reduced odds of 

TDR (see table 1b).

Discussion

This is an observational study aiming to analyze the prevalence of TDR in HIV-infected 

patients in three large Italian Cohorts. The declining trend in the prevalence of any TDR 

mutation that we had observed[8] was confirmed until 2010.

We observed a significantly increased proportion of treatment naïve patients carrying non-B 

subtype HIV-1 in the last 10 years. This confirms our previous observation reporting an 

increased prevalence of non subtype B strains over two decades (1983-2006) in Brescia[10].

At multivariate analysis, we observed a lower risk of TDR in patients tested for GRT in a 

more recent calendar year, probably as an effect of the improvement in the management of 

cART. The lower risk of TDR in patients with higher baseline viral load could be related to 
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the higher fitness of wild-type HIV[11]. Finally, the lower prevalence of TDR in non-B 

subtype infected subjects is in line with the lower exposure to cART in countries where these 

subtypes are prevalent. We acknowledge that the surveillance list of resistance mutations for 

non-B subtypes is still being completely defined; anyway, we referred to the last available 

2009 list[9] where a considerable amount of mutations were added to those previously 

recognized.

The analysis of TDR in patients with acute or recent HIV infection is of great interest but is 

limited by the low rates of documented seroconversion or diagnosed PHIs.

The high proportion of patients with unknown duration of HIV infection is an important 

confounder, but this is difficult to overcome as in clinical practice the proportion of patients 

with a recent negative test at the diagnosis of HIV infection always represents a minority. 

Finally, a relevant part of subtypes could not be determined, particularly in recent years.

In conclusion, the prevalence of TDR is declining in our multicentric cohort; this probably 

reflects the improvement in the management and prescription of antiretroviral drugs and the 

availability of new drugs.
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Appendix

For the UCSC HIV resistance study group: Fabbiani M, Sidella L, Mondi A, Farina S, 

D’Avino A, Fanti I, Doino M, Prosperi M

For the Brescia HIV resistance study group: Gargiulo F, Benini A, Paraninfo G, Quiros-

Roldan E, Castelnuovo F, Carosi G, Scalzini A.

The following centers currently contribute clinical and laboratory data to the ARCA 

database initiative.

Ancona—Clinica di Malattie Infettive, Andrea Giacometti; Ancona—Immunologia Clinica, 

Luca Butini; Ancona—Malattie Infettive, Romana del Gobbo; Ancona—Virologia, Stefano 

Menzo; Arezzo—Malattie Infettive, Danilo Tacconi; Ascoli Piceno—Malattie Infettive, 

Giovanni Corbelli; Aviano—Centro di Riferimento Oncologico, Stefania Zanussi; Bari—

Clinica Malattie Infettive, Laura Monno; Bari—Virologia, Grazia Punzi; Bergamo—
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Malattie Infettive, Franco Maggiolo; Bergamo—Microbiologia e Virologia, Annapaola 

Callegaro; Bologna—Malattie Infettive S. Orsola, Leonardo Calza; Bologna—UO 

Microbiologia, Laboratorio Retrovirus, Maria Carla Re; Bolzano—Malattie Infettive, 

Raffaele Pristerà; Brescia—Fleming Labs, Paola Turconi; Cagliari—Centro S.I.D.A., 

Policlinico Universitario, Antonella Mandas; Città di Castello—Medicina Generale, Sauro 

Tini; Cremona—Malattie Infettive, Giuseppe Carnevale; Cremona—Servizio 

Immunoematologia e Medcina Trasfusionale, Elisabetta Paolini; Fermo—Malattie Infettive, 

Giorgio Amadio; Ferrara—Malattie Infettive, AOU S. Anna, Laura Sighinolfi; Firenze—

Centro MTS, Giuliano Zuccati; Firenze—Ematologia Careggi, Massimo Morfini; Firenze—

Immunoallergologia Careggi, Roberto Manetti; Firenze—Malattie Infettive Careggi, Paola 

Corsi; Firenze—Malattie Infettive Pediatria Meyer, Luisa Galli; Firenze—Malattie Infettive 

SM Annunziata, Massimo Di Pietro; Firenze—Malattie Infettive, Università, Filippo 

Bartalesi; Firenze—Virologia Careggi, Grazia Colao; Foligno—Malattie Infettive/SERT, 

Andrea Tosti; Genova— Clinica Malattie Infettive, AOU S. Martino, Antonio Di Biagio; 

Genova—Clinica Medica Immunologia, Maurizio Setti; Genova—Laboratorio di Igiene, 

Ospedale S. Martino, Bianca Bruzzone; Genova— Malattie Infettive, Ospedali Galliera, 

Giovanni Penco; Grosseto—Malattie Infettive, Michele Trezzi; Lecco—Malattie Infettive, 

Anna Orani; Livorno—Malattie Infettive, Riccardo Pardelli; Lucca—Malattie Infettive, 

Michele De Gennaro; Macerata—Malattie Infettive, Alessandro Chiodera; Mantova—

Malattie Infettive, Ospedale ’C. Poma’, Alfredo Scalzini; Mantova—Virologia, Loredana 

Palvarini; Massa—Malattie Infettive, Paolo Almi; Messina—Malattie Infettive, Giovanni 

Todaro; Milano HSR—Studio MUSA, Nicola Gianotti; Milano—Clinica di Malattie 

Infettive, Ospedale S. Paolo, Paola Cicconi; Milano—Dipart. Scienze Cliniche, Sez. 

Malattie Infettive—Università degli Studi, Stefano Rusconi; Milano—Laboratorio 

Microbiologia, Ospedale L. Sacco (Dipart. Scienze Cliniche, Sez. Malattie Infettive), Maria 

Rita Gismondo; Milano—Laboratorio Microbiologia, Ospedale L. Sacco (Prima Divisione 

Malattie Infettive), Maria Rita Gismondo; Milano—Laboratorio Microbiologia, Ospedale L. 

Sacco (Seconda Divisione Malattie Infettive), Valeria Micheli; Milano—Laboratorio di 

diagnostica molecolare infettivologica, AO S. Paolo, Maria Luisa Biondi; Milano—Malattie 

Infettive, San Raffaele, Nicola Gianotti; Milano—Prima Divisione Malattie Infettive, 

Ospedale L. Sacco, Amedeo Capetti; Milano—Seconda Divisione Malattie Infettive, 

Ospedale L. Sacco, Paola Meraviglia; Milano—Virologia HSR, Enzo Boeri; Modena—

Virologia, Monica Pecorari; Modena—Malattie Infettive, Cristina Mussini; Narni—SERT, 

Maurizio Santirocchi; Novara—Malattie Infettive, AO Maggiore, Diego Brustia; Novara—

Virologia, Paolo Ravanini; Padova—Virologia, Federico Dal Bello; Palermo—Centro 

Riferimento AIDS, Università, Nino Romano; Palermo—Servizio Riferimento Regionale 

Diagnosi AIDS, Salvatrice Mancuso; Parma—Divisione Malattie Infettive ed Epatologia, 

Azienda Ospedaliera, Carlo Calzetti; Pavia—Ambulatorio Clinica Malattie Infettive, S. 

Matteo Renato Maserati; Pavia—Clinica Malattie Infettive e Tropicali, Gaetano Filice; Pavia

—Virologia, S. Matteo, Fausto Baldanti; Perugia—Malattie Infettive, Daniela Francisci; 

Pescara—Malattie Infettive, Giustino Parruti; Pescara—Virologia, Ennio Polilli; Piacenza—

Malattie Infettive, Daria Sacchini; Pisa—Malattie Infettive, Chiara Martinelli; Pisa—

Pediatria I, Università, Rita Consolini; Pisa—Virologia, Linda Vatteroni; Pistoia—Malattie 

Infettive, Angela, Vivarelli; Prato—Malattie Infettive, Alessandro Nerli; Prato—Virologia, 

Lucia Lenzi; Reggio Emilia—Malattie Infettive, Giacomo Magnani; Rimini—Malattie 
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Infettive, Patrizia Ortolani; Roma—Cattedra Malattie Infettive, Tor Vergata, Massimo 

Andreoni; Roma—IRCCS S. Gallicano, Guido Palamara; Roma—Immunologia Clinica, 

Umberto I, Caterina Fimiani; Roma—Istituto Superiore di Sanità, Lucia Palmisano; INMI 

Spallanzani, Andrea Antinori; Roma—Malattie Infettive e Tropicali, La Sapienza, Umberto 

I, Vincenzo Vullo; Roma—Medicina Sperimentale e Patologia, Sezione Virologia, La 

Sapienza, Ombretta Turriziani; Roma—Monitoraggio Terapie Antivirali e Antineoplastiche, 

INMI Spallanzani, Carlo Federico Perno; Roma—Virologia DMS, Tor Vergata, Carlo 

Federico Perno; Roma—Virologia Malattie Infettive, Tor Vergata, Marco Montano; Sanremo

—Malattie Infettive, Giovanni Cenderello; Siena—Malattie Infettive, Angela Gonnelli; 

Siena—Virologia, Laura Romano; Terni—Malattie Infettive, Michele Palumbo; Torino—

Laboratorio di Virologia, Ospedale Amedeo di Savoia, Valeria Ghisetti; Torino—Malattie 

Infettive, Amedeo di Savoia, Stefano Bonora; Trento—Malattie Infettive, Palma Delle 

Foglie; Treviso—Malattie Infettive, Cristina Rossi; Verbania—Malattie Infettive, Federica 

Poletti; Verbania—Virologia, Vincenzo Mondino; Verona—Centro di Medicina Preventiva, 

ULSS20, MarinaMalena;Verona—Malattie Infettive, Emanuela Lattuada.
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Figure 1. 
Evolution of resistance (at least one major IAS mutation) by calendar year from 2000 to 

2010 in naive patients with non acute/non recent infection (A, n=2,937), evolution of the 

prevalence of B, non-B and unknown subtypes (B) and evolution of the prevalence of drug 

resistance in B subtype (C) and in non-B subtypes (D). NRTI, nucleoside reverse 

transcriptase inhibitor; NNRTI, non nucleoside reverse transcriptase inhibitor; PI, protease 

inhibitor.
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