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Abstract 

Background: The transmission of drug-resistant HIV-1 can impair the virological response to 

antiretroviral therapy (ART). Minority resistant variants (RV) have been detected in acute 

seroconverters. We investigated the clinical relevance of the detection of majority and of 

minority RV in an observational study in ART- naïve, recently infected patients. 

Methods: We included patients infected between 1996 to 2005, with a plasma sample 

obtained < 18 months after seroconversion and prior to ART initiation. Majority RV were 

determined by direct population sequencing. Minority RV were searched by allele-specific 

PCR for the mutations K103N and M184V in RT and L90M in protease. The association 

between resistance and viro-immunological response to ART was estimated by using a 

piecewise linear mixed model. 

Results: Majority RV were detected in 23/172 (13.4%) patients. Patients with majority RV 

had a lower mean plasma viral load (VL) and higher mean CD4 cell count at baseline 

compared to those without resistance. The decrease in VL between one and 6 months on ART 

was significantly steeper in patients with sensitive viruses compared to patients with majority 

RV (p=0.029). Minority RV were detected in 21/73 (29%) patients with wild-type viruses at 

sequencing analysis. The presence of minority RV did not modify baseline VL and CD4 cell 

count, and did not affect the changes in VL and CD4 cell count.  

Conclusion: The transmission of majority RV, but not of minority RV, influenced the 

response to ART in this prospective study. The detection of the transmission of minority RV 

warrants further clinical validation. 

Key words: HIV-1 drug resistance, transmission, antiretroviral therapy, minority variants 
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Introduction 

The selection of HIV-1 variants with resistance to antiretroviral drugs (ARV) is one important 

factor limiting the effect of antiretroviral therapy (ART). In ART-treated patients with 

detectable plasma HIV-1 RNA, the prevalence of resistance to at least one drug can reach up 

to 80% [1, 2]. The transmission of drug resistant HIV-1 has been widely documented and the 

prevalence of resistance in drug -naïve patients has been shown to reach 10% or more in 

Western Europe and in North America [3-5]. Phylogenetic analyses have shown that 

transmitted resistant variants could originate not only from treated patients but also from 

acutely-infected, drug-naïve patients [6]. Some studies have shown the impact of the 

transmission of resistant variants leading to worse virological and immunological responses to 

first-line ART [7-9], but other studies failed to show such an influence [10]. 

 The detection of transmitted resistant variants has been processed in the vast majority of 

studies by using conventional nucleotide sequencing methods after PCR amplification of the 

viral genome from plasma RNA. However, these bulk sequencing procedures cannot detect 

minority variants below a detection threshold of 20% of the global population. The detection 

of minor populations of drug-resistant HIV-1 has been recently reported in acute 

seroconverters [11]. Thus even in the absence of resistance in the current dominant genotype, 

the possibility remains that minority species may exist against which the treatment will prove 

less effective. 

In this study we report the detection of majority resistant variants and of minority resistant 

variants in a cohort of recently HIV-1 infected patients, and we study the influence of 

majority and of minority resistant variants on subsequent response to first-line ART. 
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Patients and Methods 

Study population 

The patients included in this retrospective study were HIV-1 infected patients followed-up at 

the Bordeaux University Hospital within the ANRS CO 3 Aquitaine Cohort. The Aquitaine 

Cohort is a prospective hospital-based cohort of HIV-1-infected patients under routine clinical 

management [12], initiated in 1987 in the Bordeaux University Hospital and four other public 

hospitals in Aquitaine by the Groupe d'Epidémiologie Clinique du Sida en Aquitaine 

(GECSA). Inclusion criteria were: all adults who were in- or out-patients of the participating 

hospital wards with HIV-1 infection confirmed by Western blot testing, regardless of clinical 

stage, either having at least one follow-up after the first report or with a known date of death, 

and having given informed consent. Patients were included in the present study if they had a 

reliably estimated date of HIV-1 seroconversion between 1996 and 2005, either with a 

laboratory evidence of acute infection (antibody negative with plasma HIV-1 RNA and/or p24 

antigen positivity, or evolving antibody response), or with previously seronegative test within 

3 years of the first seropositive test. In this latter case, the estimated date of seroconversion 

was the mid point between the last negative and the first positive serology. Included patients 

had plasma HIV-1 RNA and CD4 cell count measurements available before therapy and at 

least at one time point during the first six months on ART. 

Among the patients with an accurate estimation of their date of HIV infection between 1996 

and 2005 and starting ART, conventional genotypic resistance analysis could be processed in 

a subgroup of patients with available sample before ART and viral load and CD4 cell counts 

measurements on ART. The study of minority resistant variants could then be processed on a 

subgroup of patients originating from this initial study and with available sample and no 

genotypic resistance detected by sequence analysis. 

Genotypic Resistance Analysis 



 5

Genotypic resistance analysis was processed on the 1st available plasma sample within 18 

months of the estimated date of seroconversion and before initiation of ART. HIV-1 reverse 

transcriptase (RT) and protease genes were sequenced according to the Agence Nationale de 

Recherche sur le SIDA (ANRS) consensus protocol; the details of the methods appear at 

www.hivfrenchresistance.org. Resistance mutations were reported as listed by the 

International AIDS Society-USA Panel (www.iasusa.org, update October 2005), including 

revertant mutations at RT codon 215, and/or the ANRS algorithm version 2006 

(www.hivfrenchresistance.org), excluding minor protease mutations and the V118I RT 

mutation. Genotypic resistance analysis was processed retrospectively for most patients, 

because these tests are recommended in France for all antiretroviral –naïve patients only  

since 2006[13] (ref Yeni). Genotypic resistance analysis results were available before the 

choice of regimen only for patients with diagnosis of HIV-1 primary infection since 2000.  

Quantification of minority resistant variants by allele-specific PCR  

Minority populations of drug-resistant variants were detected from plasma samples by real-

time, allele-specific PCR (ASPCR) for the RT mutations K103N and M184V and the protease 

mutation L90M. ASPCR was processed on a subgroup of patients originating from the initial 

group with conventional genotypic resistance analysis, with available plasma samples and/or 

RT-PCR products and no resistance to the subsequent ART regimen as detected by direct 

sequencing. We used a method adapted from Metzner et al [11]. RT and protease were first 

reverse transcribed and PCR–amplified from plasma RNA, as described above for the 

genotypic resistance analysis. The PCR products were then submitted to nested real-time PCR 

enabling the specific amplification of wild type or mutated sequences, or whole population for 

each considered mutation. For the detection of the K103N mutation, the primers were IN 

K103N 5’-CCGCAGGGTTAAAAAAGAIC-3’ (nt 2839-2858) and Pol 3002 5’-

CTGTGGAAGCACATTGTACTG-3’(nt 2982-3002) for detection of the mutated population, 

http://www.hivfrenchresistance.org/
http://www.iasusa.org/
http://www.hivfrenchresistance.org/


 6

and Pol 2801 5’-TCAAGACTTCTGGGAAGTTCA-3’ (nt 2801-2821) and Pol 3122 5’-

TGCTGCCCTATTTCTAAGTCA-3’ (nt 3122-3134) for the amplification of a 334 bp 

fragment corresponding to the whole viral population and comprising RT codons 103 and 

184. For the detection of the mutation M184V, the primers IN M184V 5’-

CCAGACATAGTTATCTATCAATAIG-3’ (nt 3075-3099) and N35 5’-

CCTACTAACTTCTGTATGTCATTGACAGTCCAGCT-3’ (nt 3300-3333) enabled the 

detection of the mutated population, and Pol 2801 and Pol 3122 the detection of the whole 

population. For the detection of the L90M protease mutation, the primers were Pol 2316  

5’-GCTCTATTAGATACAGGAGCAG-3’ (nt 2316-2337) and either INL90M 5’-

TGCAACCAATCTGAGTCIT-3’ (nt 2520-2538) for the detection of the mutated population, 

or INL90 5’-TGCAACCAATCTGAGTCIA-3’for the detection of the wild type population. 

In order to overcome the possibility of non-amplification due to subtype-specific or -

unspecific polymorphic variations in the HIV genome, when we designed primers screened by 

ASPCR we took into account the polymorphic variations observed in the bulk sequencing 

results. The real-time PCR reactions were performed on the Light Cycler 1.5 with the 

LightCycler FastStart DNA Master SYBR Green I® kit (Roche Diagnostics, Meylan, France). 

For the quantitation of the different viral populations, DNA standards were prepared by PCR 

amplification of the RT or protease gene of different pNL4-3 HIV-1 plasmids carrying or not 

the mutations L90M, K103N and M184V (gift from Dr François Clavel, INSERM U552, 

Paris, France). The presence or absence of each mutation in the corresponding PCR products 

was confirmed by sequencing. The standards were tested in duplicate for each experiment, 

and the standards were prepared by serial dilution from 106 to 102 copies per reaction. The 

viral PCR products were tested in triplicate at three different dilutions (10-1, 10-2 and 10-3). 

The specificity of the detection of the amplified product was checked using the analysis of the 

melting curve for each reaction. The ASPCR result was expressed as the percentage of 
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mutated sequences reported to the whole (mutated + wild type) sequences ± standard 

deviation. The discriminatory ability of each assay was tested as previously described [14], in 

reciprocal experiments by adding 106 copies of non complementary DNA (106 – 10 copies) of 

either wild type or mutant DNA with the oligonucleotides specific to the wild type or mutated 

(for L90M) or to the whole population and mutated (for M184V and K103N) population, 

taken into account the standard deviation.  

Samples presenting mutations detected by bulk sequencing analysis and samples scored as 

wild type by cloning analysis were used as positive and negative controls. 

The minority resistant study was done all retrospectively, and could thus not influence the  

choice of treatment regimens. 

Evaluation of the ASPCR assay 

The detection of minority resistant variants within the global plasma viral population was 

assessed by using the ASPCR. This method uses allele-specific oligonucleotides with 

discriminatory abilities for the detection of either wild-type or mutant sequences. In order to 

overcome non-specific amplification with wild-type primers at RT codons 103 and 184V, we 

modified the technique published by Metzner et al [11] by quantifying the global viral 

population instead of the wild type population. The sensitivities of the assay for detecting a 

mutated sequence out of the global population were shown to be 0.08%, 0.4% and 0.3% for 

the mutations L90M, K103N and M184V, respectively. The specificity and sensitivity of the 

method were always successfully checked on positive and negative controls. 

Quantification of plasma HIV-RNA 

Plasma HIV-1 RNA was measured using bDNA (Quantiplex® , Bayer Diagnostics, Eragny, 

France, threshold 500 or 50 copies/ml) or RT-PCR (Cobas TaqMan® , Roche Diagnostics, 

Meylan, France, threshold  40 copies/ml). 
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Statistical methods 

The association between genotypic resistance and plasma HIV-1 RNA or CD4 levels was 

estimated at treatment initiation and during the first six months on ART. Repeated 

measurements of HIV RNA and CD4+ cell count were analysed using a piecewise linear 

mixed model accounting for the intra-patient correlation. Resistance was defined as genotypic 

resistance to at least one drug of the ART regimen. The effect of resistance was tested on the 

baseline value at ART initiation, on the short-term slope (until one month) and on the long-

term slope (after one month). Furthermore, the estimation of model parameters took into 

account the left-censoring of HIV RNA due to undetectable measures [15]. Models were 

adjusted for the type of assay used to quantify plasma HIV RNA. All analyses were 

performed with SAS Software (SAS v9.0, SAS Institute, Cary, NC, USA). We studied 

separately the influence of majority resistant variants and of minority resistant variants. 

Results 

Patients’ characteristics and drug resistance in the bulk viral population 

Among 295 patients with an accurate estimation of their date of HIV infection between 1996 

and 2005 and starting ART, 172 patients had an available genotype before ART and viral load 

and CD4 cell counts measurements on ART and were therefore included in the study. The 

characteristics of the included patients are shown in table 1 and were not different from those 

of the initial population. The median time from estimated seroconversion to the date of 

sampling for resistance genotypic analysis was 5.2 months (IQR: 1.7-10.4). Genotypic 

resistance was detected by sequence analysis in 23/172 (13.4%) HIV-1 strains. Resistance to 

NRTIs was detected in 20 patients, resistance to NNRTIs in 11 patients and resistance to PIs 

in seven patients. Fifty patients were treated by 2-3 NRTIs, 83 patients received PI-containing 

ART, and 39 received NNRTI-based ART. Twenty-two (12.8%) patients received  less than 

three ARVs. The characteristics of patients, as shown in table 1, did not significantly differ 
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according to the presence or absence of genotypic resistance. The median delay between the 

date of seroconversion and the date of beginning ART was 9.7 months (IQR 2-16) and 11.9 

months (IQR: 5-15) in patients with sensitive and in patients with resistant viruses, 

respectively (p = 0.41). Finally, 16 (9.3%) patients were infected by an HIV-1 strain 

presenting genotypic resistance to at least one drug comprised in the subsequent ART 

regimen.  

Transmission of minority resistant variants 

The research of minority resistant variants could be processed for 73 patients originating from 

the 172 patients with conventional genotypic resistance analysis, who presented similar 

characteristics to the whole population and were treated by: 2-3 NRTIs (n=21); two NRTIs + 

one NNRTI (n=14), or two NRTIs + one PI (n=38). Ten of 73 (13.7%) patients were infected 

by HIV-1 non-B subtypes. Mutations were searched by ASPCR when they were not detected 

by direct sequencing and had a putative impact on response to ART. Minority variants were 

detected in 21/73 (29%) patients:  K103N was detected in 3/14 (21%) patients, M184V in 

18/72 (25%) and L90M in 0/40 (0%) patients. Minority variants represented 2.5% to 7.1% of 

the total viral population for the mutation K103N and 1.3% to 23.5% for M184V. In patients 

for whom the M184V was detected as minority population, the subsequent ART regimens 

were non boosted-PI-based (n=5), boosted-PI-based (n= 5), NRTI-based (n= 5), and 

efavirenz-based (n= 3). 

Association between transmitted resistance and response to ART 

Majority variants and response to ART 

The association between the transmission of majority resistant variants detected by direct 

sequencing and the virological and immunological outcome on ART was studied on 172 

patients with a 6-month follow-up on ART. The median number of viral load and CD4 

measurements in the first 6 months was three. The influence of majority resistant variants on 
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virological response is shown in Figure 1A. At baseline before ART, the baseline plasma 

HIV-1 RNA was significantly lower in the resistant group compared to the susceptible group 

(3.81 log10 copies/ml vs 4.68 log log10 copies/ml, p=0.002). There was then no difference in 

the decay of plasma HIV-1 RNA between baseline and month 1 (-1.93 log10 copies/ml for 

resistant group vs -2.04 log10 copies/ml for susceptible group, p= 0.48). However, the 

continuing decrease in viral load was significantly steeper in the susceptible group compared 

to the mutated group between month 1 and 6 (-0.43 log10 copies/ml/month vs -0.11 log10 

copies/ml/month, p= 0.029). 

The baseline CD4 (+) cell count was significantly higher in the resistant group compared to 

the susceptible group (560 cells/µl vs 438 cells/µl, p= 0.04) (Figure 1B). The two groups had 

then parallel increases in CD4 (+) cell counts on ART leading to the same difference in CD4+ 

level at 6 months (682 cells/µl vs 533 cells/µl, p= 0.04). 

Seven  patients presented at least one of three mutations 184V, 103N or 90M as a majority 

mutation population and  tended to have a lower baseline HIV RNA load (difference -0.67, 

p=0.08) and the change in HIV RNA at months 1 and 6 was similar (p=0.65 and p=0.79) 

compared to the patients without  mutations. 

Minority resistant variants and response to ART 

The influence of the minority resistant variants was studied in a subgroup of 73 patients. The 

resistant group (with minority resistant variants) and the susceptible group (with no resistance 

to the ART regimen) had comparable plasma HIV-1 RNA levels at baseline (4.71 log10 

copies/ml  vs 4.81 log10 copies/ml, p= 0.68) (Figure 2A). There was then no difference in the 

evolution of the plasma HIV-1 RNA in the two groups between baseline and month 1  

(-1.99 log10 copies/ml in susceptible group vs –2.17 log10 copies/ml  in resistant group, 

p=0.49) and between month 1 and month 6 (-0.54 log10 copies/ml  in susceptible group vs -

0.35 log10 copies/ml  in resistant group, p=0.23) 
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The comparison of the baseline CD4 (+) cell counts in the two groups showed a non 

significant trend towards higher CD4 (+) cell counts in the resistant group compared to the 

susceptible group  (451 cells/µl vs 534 cells/µl, p= 0.14) (Figure 2B). No significant 

difference in the evolution of the CD4 (+) cell counts could was then shown between the two 

groups (p=0.50 during the first month and p=0.52 later on).  

Discussion 

In our cohort of patients with recent HIV-1 infection and subsequent ART, enrolled between 

1996 to 2005, we could detect the transmission of resistant HIV-1 in 13.4% of patients by 

using a conventional sequencing method. This prevalence is comparable to other studies in 

France or in Europe in the same period [3, 4, 7].  We then investigated the transmission of 

minority resistant variants in a subgroup of patients with no resistance detected by bulk 

sequencing. We used a modified version of the ASPCR method in order to detect accurately 

both the minority mutated genomes, with a limit of detection at < 0.5% of the total 

population, and the total number of amplified genomes. We detected minority mutated 

variants associated with resistance to the subsequent ART in 29% of patients. This finding is 

in accordance with previous data obtained in acute seroconverters [11] and suggests that 

minority resistant variants can be detected not only at the onset of the primary infection but 

also later on. Similar data were recently reported from an American cohort of antiretroviral-

naïve patients [16] showing that low frequency mutations were equally found in recently-

infected persons and infections of longer duration. This result is also in agreement with model 

predictions according to the rapid turnover, the high mutation rate and large viral population 

size [17]. We cannot rule out the possibility that the minority variants could have been 

generated de novo after transmission, even if, considering the loss of viral fitness conferred by 

M184V there is no reason that this mutation could have been selected in absence of drug, 

even at a minority level. 
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It is important to note that our results were obtained by investigating only three mutations 

(K103N and M184V in the RT and L90M in the protease), thus the estimation of the 

frequency of minority resistant variants would have been certainly higher by searching for 

more mutations. When we studied the virological response in the group of patients having  

K103N, M184V or L90M as majority population, we could not show any difference in 

comparison with the group of patients without mutations. However, according to the restricted 

number of patients with the mutations of interest, the statistical power for finding a significant 

difference was limited (about 60% for finding a difference of 0.5 log10 copies/mL at a given 

time). 

 The mutation more often detected by ASPCR in our study was the M184V mutation. We 

have two explanations for this finding: first, we showed previously that M184V was the most 

frequent mutation in  patients on ART with detectable viral load [1], thus this mutation is 

likely to be frequently transmitted; second, the M184V mutation confers an impaired 

replicative capacity to the virus [18], and in absence of  3TC or FTC, the M184V variants 

rapidly disappear in the majority population. 

We could investigate the virological and immunological responses to ART in our patients 

according to the presence or absence of resistant variants in the majority or only in the 

minority population. The detection of a baseline resistance in the majority population was 

shown to be associated with a less pronounced decrease in plasma HIV-1 RNA between one 

and six months on therapy. This finding is in accordance with previous studies,  suggesting  

that transmitted resistance could lead to sub-optimal response to first-line therapy, supporting 

the guidelines which recommend performing genotypic resistance analysis prospectively in all 

patients at the time of diagnosis of the HIV infection [13, 19]. Interestingly, the detection of 

transmitted majority resistant variants was associated with a lower baseline plasma viral load 

and higher CD4 cell counts, suggesting a lower replicative capacity of transmitted resistant 
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variants. Of note, this difference in the CD4 cell count was not determined by the clinician 

decision of when to start ART. The higher CD4 cell counts in the resistant group were 

conserved over six months on therapy, suggesting an immunological benefit in the short term.  

The detection of minority resistant variants by ASPCR was not associated to a worse 

virological response to ART in our study, contrary to the association found with the majority 

resistant variants. This finding could be explained by several hypotheses; the most commonly 

detected mutation by ASPCR was M184V. This mutation codes the resistance to 3TC and 

FTC but can reverse the resistance to AZT and tenofovir; Moreover, the decreased replicative 

capacity conferred by M184V is likely to result in lower viral loads and the continuation of 

3TC-containining regimens despite the presence of M184V is not necessarily associated with 

a worse virological outcome [20]. It is also possible that the putative negative effect of the 

M184V on the virological response – if it exits- could have been masked by the antiviral 

effect of the other drugs, in majority protease inhibitors. Finally, we cannot exclude that the 

limited statistical power could have lead to the non-detection of the influence of minority 

variants in our study, since we could only perform ASPCR in a subgroup of patients. 

However, we maximised the statistical analyses by estimating slopes using repeated 

measurements of markers and taking into account undetectable viral load [14]. Furthermore, 

our data are very concordant with those recently reported from the Zurich-PHI Study [21] that 

found minority M184V variants in 14.9% of patients and minority K103N variants in 5.4% of 

patients without association to virological failure on early therapy. By contrast, Johnson et al 

[22] found an association between the detection of baseline minority resistant variants and 

virological response in patients enrolled in an abacavir/lamivudine/efavirenz trial. Hence, the 

heterogeneity due to the various treatment regimens used in our study population may explain 

the discrepant results with Johnston et al. by reducing the statistical power of our analysis. 
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In conclusion, our study confirms the need for the detection of transmitted resistant variants 

by conventional sequencing methods in routine practice. The detection of minority resistant 

variants in nearly one-third of the investigated patients was not associated with the virological 

outcome on therapy but warrants further clinical validation in order to precise it’s potential 

interest for the management of ART. 
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Legends to the figures 

 

Figure 1:  Mean levels of plasma HIV RNA (A) and CD4 cell count (B) predicted by a 

piecewise linear model according to the presence of majority resistant variants.  N= 172 

patients, Aquitaine Cohort, 1996-2005. 

Susceptible: baseline HIV-1 genotype predicting full sensitivity to the first-line ART. 

Resistance: baseline HIV-1 genotype predicting resistance to at least one drug of the first-line 

ART. 

 

Figure 2:  Mean levels of plasma HIV RNA (A) and CD4 cell count (B) predicted by a 

piecewise linear model according to the presence of minority resistant variants.  N= 73 

patients, Aquitaine Cohort, 1996-2005. 

Susceptible: baseline HIV-1 genotype predicting full sensitivity to the first-line ART. 

Resistance: baseline HIV-1 genotype predicting resistance to at least one drug of the first-line 

ART. 
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Table 1: Characteristics of the 172 patients included in the study 

             N (%) 

Exposure category  
Sex between men 106 (62%) 

Sex between men 
and women 

   59 (34%) 

Injecting drug use    3 (2%) 

Other/unknown    4 (2% ) 

Sex  

Male 140 (81% ) 

     Female   32 (19%) 

HIV-1 subtype  

B 142 (83%) 

        Non-B    30 (17%) 
Year of seroconversion  

1996-1999 
2000-2003 
2004-2005 
 

 77 (45%) 
 72 (42%) 
 23 (13%) 

Median Age (years, IQR)           32 (27-40.5) 

Median CD4+ cell count 
(cells/µl) 

        426 (314-579) 

Median plasma HIV-1 RNA             4.7 (4.1-5.3) 

First-line ART 
             2-3 NRTIs 
             NRTIs+ NNRTI 
             NRTIs+ PIs 
 
Resistance to at least one 
drug of the regimen                  
 

 
          49 (28.5%) 
          37 (21.5%) 
          86 (50%) 
                  
 
         16 (9.3%)         

  

Abbreviations: ART: antiretroviral therapy; NRTI: nucleoside reverse transcriptase inhibitor; 

NNRTI: non-nucleoside reverse transcriptase inhibitor; PI: protease inhibitor 
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Figure 1 A 
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Figure 1 B 
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Figure 2A 
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Figure 2B 
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Appendix 

Composition of the GECSA (Groupe d’Epidémiologie Clinique du SIDA en Aquitaine) – 

ANRS CO3 Aquitaine cohort: 

Coordinator: F. Dabis. Epidemiology and Methodology: G. Chêne, F. Dabis, S. Lawson-

Ayayi, R. Thiébaut, M. Winnock. Infectious diseases and Internal medicine: M. Bonarek, 

F. Bonnal, F. Bonnet, N. Bernard, O. Caubet, L. Caunègre, C. Cazanave, J. Ceccaldi, P. 

Couzigou, FA Dauchy, C. De La Taille, S. De Witte, M. Dupon, P. Duffau, H. Dutronc, S. 

Farbos, MC. Gemain, C. Greib, K. Lacombe, D. Lacoste, S. Lafarie-Castet, P. Loste, D. 

Malvy, P. Mercié, P. Morlat, D. Neau, A. Ochoa, JL. Pellegrin, JM. Ragnaud, S. Tchamgoué, 

J.F. Viallard. Immunology: P. Blanco, JF. Moreau. Virology: H. Fleury, ME. Lafon, B. 

Masquelier, I. Pellegrin. Pharmacology: D. Breilh. Pharmacovigilance: G. Miremont-

Salamé. Data collection and Data management: MJ. Blaizeau, M. Decoin, S. Delveaux, S. 

Geffard, S. Gillet, C. Hannapier, S. Labarrère, V. Lavignolle-Aurillac, B. Uwamaliya-

Nziyumvira. Data processing: G. Palmer, D. Touchard.  

 

 
 


