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Abstract

:

Introduction: Treatment for All recommendations have allowed access to antiretroviral (ARV) treatment for an increasing number of patients. This minimizes the transmission of infection but can potentiate the risk of transmitted (TDR) and acquired drug resistance (ADR). Objective: To study the trends of TDR and ADR in patients followed up in Portuguese hospitals between 2001 and 2017. Methods: In total, 11,911 patients of the Portuguese REGA database were included. TDR was defined as the presence of one or more surveillance drug resistance mutation according to the WHO surveillance list. Genotypic resistance to ARV was evaluated with Stanford HIVdb v7.0. Patterns of TDR, ADR and the prevalence of mutations over time were analyzed using logistic regression. Results and Discussion: The prevalence of TDR increased from 7.9% in 2003 to 13.1% in 2017 (p < 0.001). This was due to a significant increase in both resistance to nucleotide reverse transcriptase inhibitors (NRTIs) and non-nucleotide reverse transcriptase inhibitors (NNRTIs), from 5.6% to 6.7% (p = 0.002) and 2.9% to 8.9% (p < 0.001), respectively. TDR was associated with infection with subtype B, and with lower viral load levels (p < 0.05). The prevalence of ADR declined from 86.6% in 2001 to 51.0% in 2017 (p < 0.001), caused by decreasing drug resistance to all antiretroviral (ARV) classes (p < 0.001). Conclusions: While ADR has been decreasing since 2001, TDR has been increasing, reaching a value of 13.1% by the end of 2017. It is urgently necessary to develop public health programs to monitor the levels and patterns of TDR in newly diagnosed patients.
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1. Introduction


In 2014, the WHO proposed the 90–90–90, an ambitious target to help end the AIDS pandemic in 2020—that 90% of people living with HIV are diagnosed, that 90% of those diagnosed are on treatment, and that 90% of the people on treatment are virally suppressed [1]. In Portugal, a national report estimated that in 2017, 39,820 persons were living with HIV. However, Portugal achieved the 90–90–90 goals in 2017—92.2% of people living with HIV were already diagnosed, 90.3% of those were on antiretroviral treatment and 93.0% of those were virally suppressed [2].



A major obstacle to achieving the 90–90–90 target is ARV drug resistance. While antiretroviral therapy (ART) largely decreases HIV-related morbidity and mortality, improves the quality of life of HIV-1 infected patients and reduces the risk of onward transmission [3,4,5], its scale up can potentiate the risk of the development of ARV drug resistance.



International guidelines consistently recommend that newly diagnosed individuals should be tested for ARV drug resistance, to detect potential transmitted drug resistance (TDR) and guide the selection of ART regimens [6,7]. This procedure minimizes the risk of experiencing virologic failure after starting ART due to the selection of resistant strains. In Portugal, the first line regimen recommends the use of an integrase strand inhibitor (INSTI), such as dolutegravir (DTG), raltegravir (RAL) or evitelgravir (EVG/c), together with a combination of nucleoside reverse transcriptase inhibitors (NRTI), such as tenofovir/entricitabine (TDF/FTC) or abacavir/lamivudine (ABC/3TC). Another option is to use a non-nucleoside reverse transcriptase inhibitor (NNRTI), such as rilpivirine (RPV), together with a combination of NRTI (TDF/FTC or ABC/3TC).



The active surveillance of TDR and ADR is crucial to understand factors involved in the transmission of HIV-1 drug resistance, and also to help to design effective ART treatment guidelines in different epidemic settings. Drug resistance evolves dynamically, and therefore it is extremely important to monitor temporal trends in TDR and ADR.



In this study, we aim to describe the temporal trends of TDR and ADR between 2001 and 2017, as well as the most prevalent drug resistance mutations, and to identify predictors of TDR among HIV-1 infected patients treated in Portuguese hospitals.




2. Material and Methods


2.1. Study Population


The protocol was in accordance with the declaration of Helsinki and approved by the Ethical Committee of Centro Hospitalar de Lisboa Ocidental (CHLO) (108/CES-2014; October 13rd 2014). The Portuguese HIV-1 resistance database contains anonymized patients’ information, including demographic, clinical and genotype resistance data from patients followed up in 22 hospitals located countrywide and collected between May 2001 and December 2017. All patients’ data were generated in the context of routine clinical care and collected in RegaDB [8]. RegaDB is a free and open source data management and analysis environment for infectious diseases, which allows clinicians to store, manage and analyze patient data, including viral genetic sequences. The study included individuals aged 18 years old or above and who had had an HIV-1 drug resistance test performed. Patients’ viral sequences were categorized into ART-naïve patients (ART-NP) and ART-experienced patients (ART-EP), by comparing the date of the first drug resistance test and the date of the first antiretroviral prescription. The CD4 cell count and HIV-1 viral load measured closest to the date of the drug resistance test were included in the analysis.




2.2. Drug Resistance Analyses and Subtyping


The genomic data included protease and reverse transcriptase sequences obtained through population sequencing completed at Laboratório de Biologia Molecular of Hospital de Egas Moniz/CHLO. Viral sequences were considered to originate from ART-NP when the first ART regimen was started simultaneously with or after the date of sample collection for drug resistance testing. Only the first HIV genotypic resistance test per patient was considered for the estimation of TDR for ART-NP. Furthermore, only the first resistance test after the first suspected virological failure was used for the estimation of ADR in ART-EP.



TDR was defined as the presence of one or more surveillance drug resistance mutation (SDRM) according to the WHO 2009 surveillance list [9]. Nucleotide sequences were submitted to the Calibrated Population Resistance tool version 8.0. Clinical resistance to ARV drugs was inferred using the Stanford HIVdb v8.4. Using this algorithm, ADR mutations were also identified. HIV-1 subtypes and circulating recombinant forms (CRF) were determined as previously described [10,11].




2.3. Statistical Analysis


Proportions and confidence intervals for proportions were calculated using 95% Wilson confidence interval for binomially distributed data. The differences between the prevalence of resistance in naïve and treated patients were analyzed using the Mann–Whitney U test and the X2 tests. Logistic regression was used to examine the association between demographic and clinical factors and the occurrence of SDRMs, and to analyze trends over time. For statistical analysis we considered a 5% significance level. All analyses were conducted in SPSS Statistic version 25 software and R3.5.1. More information in File S1.





3. Results


3.1. Population


Of 12,792 patients included in the database, 11,912 (93.1%) presented viral sequences. More than half (7310, 61.4%) were ART-NP, and 3848 (32.3%) were ART-EP. ART status was not available for 754 (6.3%) patients.




3.2. Characteristics of Portuguese Population


The characteristics of the study population are presented in Table 1. The ART-NPs were predominantly male (64.6%). The median age at the time point of HIV genotyping resistance testing was 38.0 years. The main mode of transmission was heterosexual contact (4.9%), followed by homosexual contact (2.6%) and intravenous drug use (2.6%). Of the ART-EP, 67.3% were male, presenting a median age of 39.0 years at the time of the drug resistance test. Heterosexual contact (4.7%) was the most common mode of transmission, followed by intravenous drug use (4.5%) and homosexual contact (1.8%). Both groups of patients, ART-NP and ART-EP, were predominantly infected with subtype B (36.7% and 42.6%), followed by subtype G (25.2% and 32.8%) and Circulating Recombinants Forms (CRFs) (22.2% and 16.5%). Most patients were born in Portugal (34.7% and 29.9% for ART-NP and ART-EP, respectively). Patients born abroad mostly originated from Sub-Saharan Africa (13.3% and 11.1% for ART-NP and ART-EP, respectively). At the time of HIV genotypic resistance testing, the median viral load (VL) for ART-NP was 4.8 Log10 copies/mL, and the CD4 cell count was 321.5 cells/mL. The median viral load for treated patients was 4.2 Log10 copies/mL and the CD4 cell count was 262 cells/mL .




3.3. Transmitted HIV Drug Resistance (TDR)


Overall, the prevalence of TDR between 2001 and 2017 was 9.4% (95%CI: 8.8–10.1%). Nucleoside reverse transcriptase inhibitor (NRTI) mutations were detected in 4.0% (95%CI: 3.5–4.4%) of ART-NP, non-nucleoside reverse transcriptase inhibitor (NNRTI) mutations in 5.0% (95%CI: 4.5–5.5%), and protease inhibitors (PI) in 2.8% (95%CI: 2.5–3.2%). In total, 7.3% (95%CI: 6.7–7.9%) presented single class resistance, 1.9% (95%CI: 1.6–2.2%) dual class resistance and 0.2% (95%CI: 0.1–0.4%) triple class resistance (Table 2).



Trends for TDR were determined only between the years 2003 and 2017, since the number of patients tested for ARV drug resistance between 2001 and 2002 was not large enough to allow for robustness in the statistical analyses.



TDR presented a significantly increasing trend from 7.9% in 2003 to 13.1% in 2017 (pfor-trend < 0.001). This trend was steeper in the last four years analyzed (2014 to 2017) (pfor-trend = 0.008). As the Portuguese recommendations for Treatment for All started in 2015 and the international Antiviral Society-USA Panel have recommended it since 2014, we used the time period between 2014 and 2017 [12] to analyze the potential effect of Treatment for All on drug resistance levels. This increasing trend was significant for two drug classes: NRTIs (5.6% in 2003 to 6.7% in 2017, pfor-trend = 0.002) and NNRTIs (2.9% in 2003 to 8.9% in 2017, pfor-trend < 0.001). For PIs, on the other hand, there was a trend of lower TDR levels in more recent years (4.0% in 2003 to 2.2% in 2017). However, this was not significant (pfor-trend = 0.985) (Figure 1A, Table 2).



Single-class mutations increased over time, from 4.4% (2003) to 10.0% (2017), as did double-class (2.8% to 3.7%) (pfor-trend = 0.002 for single-class and pfor-trend = 0.005 for double-class). Double-class resistance to NRTIs/NNRTIs combinations presented a significance increase (0.08% in 2003 to 3.2% in 2017; pfor-trend < 0.001), whereas NRTIs/PIs combinations presented a significant decrease (2.0% in 2003 to 0.3% in 2017; pfor-trend = 0.021) and NNRTIs/PIs combination presented a boarderline decrease (0.0% in 2003 to 0.2% in 2017, pfor-trend = 0.994). For the time period between 2014 and 2017, TDR, NRTIs and NNRTIs presented an increase (pfor-trend = 0.008 for TDR, pfor-trend = 0.001 for NRTIs and pfor-trend = 0.044 for NNRTIs), with a higher growth rate when compared to the previous period of time. On the other hand, NRTIs/PIs and NNRTIs/PIs combinations switched the trend, from a decrease to an increase, although this trend was not significant (pfor-trend = 0.950 for NRTIs/PIs and pfor-trend = 0.350 for NNRTIs/PIs) (Table 2 and Table S1 and Table S2).



Transmitted drug resistance was also calculated considering the NNRTI mutation E138A/K, which confers resistance to rilpivirine. While this mutation is not yet included in the 2009 WHO list, it is extremely important to analyze it in TDR, given the recommended use of rilpivirine as a first line treatment. When considering E138K mutation, TDR increased from 9.4% (95%CI: 8.8–10.1) to 9.5% (95%CI: 8.9–1.0%), while NNRTIs TDR increased from 5.0% (95%CI: 4.5–5.5%) to 5.1% (95%CI: 4.6–5.7%). However, when the E138A polymorphism was analyzed separately, TDR increased to 11.9% (95%CI: 11.3–12.8) and NNRTIs TDR increased to 7.6% (95%CI: 7.0–8.2%) According to the Standford database, E138A is a polymorphic mutation that ranges in prevalence between 1% and 5%, depending on the background subtype, and it reduces RPV susceptibility by about twofold. Since the current Portuguese guidelines recommend the use of rilpivirine as the preferential NNRTI combined with two NRTI as first line regimen, when the patient presents a viral load <100,000 copies/mL, we think that is important to do this analysis in the Portuguese context.



The most frequently detected mutations were K103NS (3.2%) conferring resistance to NNRTIs, followed by M41L (1.6%) and M184V/I mutations (1.3%) conferring resistance to NRTIs, and L90M (1.2%) conferring resistance to PIs (Figure 2A).




3.4. Acquired HIV Drug Resistance (ADR)


The prevalence of ADR was 69.0% (95%CI: 67.6–70.5%). NRTIs resistance mutations were predominantly identified (57.8%, 95%CI: 56.2–59.4%), followed by NNRTIs mutations (45.8%, 95%CI: 44.2–47.4%) and PIs (23.6%, 95%CI: 22.3–25.0%). In total, 20.7% of patients (95%CI: 19.0–22.0%) had single-class resistance, 38.0% (95%CI: 37.0–40.0%) had dual-class resistance and 9.9% (95%CI: 9.0–10.9%) had triple-class resistance (Figure 1B and Table 2).



Overall, ADR decreased over time, from 86.6 to 50.9 between 2001 and 2017 (pfor-trend < 0.001). This decreasing trend was maintained, although was not significant after the treatments for all recommendations were implemented (2014 to 2017; pfor-trend = 0.837). Resistance to all drug classes decreased over time (2001–2017), as follows: resistance to NRTIs dropped from 80.8% to 33.3% (pfor-trend < 0.001); to NNRTIs from 46.4% to 40.2% (pfor-trend < 0.001) and to PIs from 52.7% to 10.8% (pfor trend < 0.001). For all these classes, for the 2014 to 2017 time period, the decreasing trend was maintained, however without a significant p for trend (pfor-trend = 0.874 for NRTIs, pfor-trend = 0.852 for NNRTIs and pfor-trend = 0.669 for PIs) (Figure 1Band Table 2, and Table S1).



For double- and triple-class ADR resistance, significantly decreasing trends were also observed (pfor-trend < 0.001 for double class; pfor-trend < 0.001 for triple class), whereas for single class there was an increasing trend (pfor-trend = 0.019). For combinations of antiretroviral classes—NRTIs/NNRTIs (pfor-trend = 0.002), NRTIs/PIs (pfor-trend < 0.001) and NNRTIs/PIs (pfor-trend = 0.405)—decreasing trends were observed between 2001 and 2017 (Table 2 and Table S1).



The most prevalent mutations conferring resistance to NRTIs in treated patients were M184IV (45.3%) and TAMs, such as T215YF (17.4%) and M41L (16.0%). K103NS (26.0%) and L90M (11.3%) were the most prevalent mutations conferring resistance to NNRTIs and to PIs, respectively (Figure 2B)



Trends for the frequencies of specific drug resistance mutations were also analyzed between 2001 and 2017, when mutations had a prevalence greater than 0.1% for ART-naive patients and 1.0% for ART-EP. Among ART-NP, L90M and D67NGE mutations presented a significant decline over the years (pfor-trend = 0.002 and pfor-trend = 0.005, respectively), and K103NS presented an increasing rate over the years (pfor-trend = 0.041). Although the trend for M184V was not significant (pfor-trend = 0.473), we observed a consistent increasing trend after 2012 (Figure 2C). For ART-experienced patients, on the other hand, PI resistance mutations M46IL, I54VLMTAS, V82ATSF and L90M significantly decreased over time (pfor-trend < 0.001). The same was observed for all mutations analyzed for NRTIs regimens (pfor-trend < 0.001), except for M184IV (pfor-trend = 0.639) and L74IV (pfor-trend = 0.379). For NNRTIs, only K103NS presented a significant trend (pfor-trend = 0.020) (Figure 2D and Table S3).




3.5. Drug Susceptibility


According to the HIVdb Stanford database algorithm, 6.6% of ART-NP (7310) presented high-level resistance to at least one drug. In total, 5.4% of those had high-level resistance to a drug recommended for first line treatment. NNRTIs presented the highest level of high-level resistance (4.9%), with nevirapine (NVP) having the highest proportion of high-level resistance (4.7%), followed by efavirenz (EFV) with 4.0%. High-level resistance to NRTIs occurred in 1.7% of patients, with emtricitabine (FTC) and lamivudine (3TC) presenting the highest level (1.3%). High-level resistance to PIs was found in 1.8% of patients, with atazanavir (ATV) presenting 0.3% of high-level resistance (Figure 3A).



Out of 3848 ART-EP, 64.0% had high-level resistance to at least one ARV drug class. However, considering only the drugs actually used as first line therapy, high-level resistance decreased to 62.1%. For these patients, high-level resistance to NRTIs was the highest (54.4%), with the highest values of high-level resistance to FTC and 3TC (45.3%). In total, 40.5% of patients presented high-level resistance to NNRTIs, with 40.1% presenting high-level resistance to NVP and 35% to EFV. The high-level resistance to PIs was 19.9%, with ATV presenting the highest value (9.6%) (Figure 3B).



Integrase strand transfer inhibitors (INSTIs) drug resistance was also analyzed, but only for patients treated with INSTIs, since integrase drug resistance testing in ART-NP patients is not yet recommended by the Portuguese health authorities. In patients previously treated with INSTIs that were tested for DR, we observed 37.3% of INSTI resistance. In total, 2.7% of patients presented high-level resistance to dolutegravir (DTG) and bictegravir (BIC), 28.0% presented high-level resistance to elvitegravir (EVG) and 32.0% high-level resistance to raltegravir (RAL). We also observed 8.0% of intermediate level resistance and 24.0% of low-level resistance to DTG. The most frequently observed mutation was N155H, which occurred in 57.1% of patients that presented INSTIs resistance.




3.6. Predictors of TDR


The clinical and socio-demographic factors significantly associated with TDR in the univariate model were infection with subtype B (as compared to non-B subtypes grouped together) and the logVL, while sex presented borderline significance—although not reaching conventional statistical significance (p < 0.05), male sex was associated with higher levels of TDR. Infection with subtype B and logVL above 5.1 were significantly associated with NRTIs drug resistance. Male sex, origin from the Sub-Saharan Africa region, infection with subtype B and logVL above 5.1 were significantly associated with PIs drug resistance, and logVL above 5.1 was significantly associated with NNRTIs drug resistance (Table S4).



Multivariate analysis indicated that TDR and NRTIs drug resistance were significantly associated with infection with subtype B (compared to non-Bs grouped together) and with logVL higher than 5.1 (Table 3).



We further observed that ART-NP with logVL above 5.1 presented significantly lower levels of K103NS and L90M mutations (p = 0.023 and p = 0.008, respectively), while patients with a logVL above 4.1 presented lower levels of M184V (p < 0.001) (Table S5).




3.7. Predictors of ADR


The univariate logistic regression analysis exploring predictors of acquired drug resistance is shown in Table S6. Male sex, age at diagnosis above 26 years old, MSM transmission group (compared to being heterosexual), origin from Europe, infection with subtype B, and a logVL above 4.1 were all significantly associated with ADR (Table S6).



Multivariate analysis showed that any ADR and NRTIs drug resistances were significantly associated with male sex, infection with subtype B and a logVL above 4.1 (Table 3).





4. Discussion


Our study showed that the estimated prevalence of TDR over time, among ART-NP, increased between 2003 and 2017, and this trend was more pronounced between 2014 and 2017. While TDR to NRTIs and NNRTIs increased, TDR to PIs decreased. We hypothesize that this increase could have different explanations. First, given that the increasing trend for TDR is steeper after 2014, this could be correlated with the implementation of the Treatment for All recommendations. Second is the changing face of the pandemic, with an increasing proportion of MSMs among new diagnoses, which are associated with the faster onward transmission of HIV infection with less reversion of DRM and therefore the potentiation of transmission of TDR. Moreover, the MSM group are the most frequently tested, having an earlier diagnosis, which may imply less reversion of mutations, increasing TDR detection. Finally is the increasing mobility of populations, with the presence in Portugal of a high number of migrants from Portuguese-speaking Sub-Saharan African countries where TDR has been increasing in the last years [13,14,15,16].



Similarly to our study, a study of HIV drug resistance in a Canadian cohort showed an increase in TDR between 1996 and 2014, with a more prominent increase in the last years [16], which is consistent with our results. Some other studies, however, showed the opposite results, with TDR prevalence decreasing or stabilizing over time [17,18,19,20,21]. A potential explanation for our discrepant results could be the origin of migrants living in Portugal who come from Portuguese-speaking Sub-Saharan African countries where TDR has been increasing in the last years [13,14,15,16].



When looking at specific drug classes, we find an increasing trend of TDR to NRTIs and NNRTIs, but a decreasing trend of TDR to PIs. We hypothesize that this could be due to patterns of drug usage, with an infrequent use of PIs as first line treatment in Portugal. Another explanation could be the larger flexibility and tolerability of protease to mutations, which could imply a lower probability of fixation of mutations.



The most frequently detected mutations in ART-NP were K103NS, which confers high-level resistance to NVP and EFV, M41L, which reduces susceptibility to TDF and ABC when in combination with other NRTIs mutations, and M184VI, which causes high-level resistance to recommended first line drugs 3TC and FTC [22]. L90M was the resistance mutation to PIs with the highest prevalence, and it causes reduced susceptibility to ATV and LPV. M41L and M184IV have an impact on susceptibility to drugs recommended for first line use, so it is important to understand the impact of the transmission of these mutations and why its prevalence is increasing among ART-NP (Figure 3). E138A and E138K were also considered separately, since they confer resistance to rilpivirine, which is included in the preferential regimens used in Portugal. These polymorphisms/mutations were present in ART-NP, which is consistent with other studies [23,24]. By not considering this codon, given that the 2009 WHO SDRMs list is still largely used, the TDR levels reported in other studies may be underestimated.



The risk of TDR was significantly lower in patients infected with non-B subtypes compared to subtype B, as previously shown [25,26,27,28]. We hypothesize that this could be due to the longer use of ARV therapy in developed countries, where this subtype is more prevalent, and to the circulation of this subtype in MSMs, where transmission chains are faster and therefore potentiate the transmission of TDR. However, there are features of the changing HIV-1 epidemic that could lead to an inversion of this pattern. The Treatment for All, the increasing prevalence of non-B subtypes in developed countries, and, particularly, the growing number of reports indicating transmission clusters of non-B subtypes in MSM, could lead to an increase in TDR in non-B subtypes.



Another ongoing study at our lab, comparing a cohort of late presenters with non-late presenters, interestingly showed that individuals involved in transmission clusters were more frequently non-late presenters, and more frequently presented TDR [29]. This suggests that mutations associated with resistance are maintained and transmitted forward in these clusters, indicating that they do not reduce viral transmissibility. Previous studies have reported that TDR is mostly due to onward transmission between ART-NP [30,31,32], and another study has also shown the persistence and high effective reproductive number (Re) of specific NNRTI resistance mutations (K103N and E138A) in local transmission networks in Greece [33]. Yet another study, however, indicated that, among several studied DRMs (41L, 67N, 70R, 184V, 210W, 215D, 215S and 219Q (nRTI-related), and 103N, 108I, 138A, 181C and 190A), only the L90M mutation in the protease gene was found to have significantly higher fitness than the drug-sensitive strains [34].



Interestingly and paradoxically in relation with the previous findings of the maintained transmissibility of these TDR strains, ART-NP diagnosed with M184V, L90M and K103N TDR mutations presented statistically significant lower levels of VL than ART-NP without DRMs. This is not surprising for M184V, given the previously reported high fitness cost of this mutation [13,20,34,35,36]. For K103NS, no statistical association had been found previously, which could be due to its lower impact on fitness compared to M184V [37,38]. While we would expect that this lower VL should indicate a low transmissibility, our finding of an increasing trend in the prevalences of M184V and K103NS in the last few years, and a higher prevalence of TDR inside transmission clusters, indicate that the relationship between VL and transmissibility should be further elucidated. Indeed, the transmissibility of HIV strains should be determined not only by the VL, but by a trade-off with other aspects, such as infectiousness and disease progression. Other studies have shown that specific TDR mutations have an effect on viral fitness that can have implications for its transmissibility [39,40,41]. Our consistent finding of lower VLs in patients carrying M184V and K103N, despite increasing prevalence, warrants future directed investigations of these results.



Strikingly, in the same time period (2001–2017) we found a significant decreasing trend in ADR that spans all drug classes. This trend has been consistently found in other studies. For example, in a multi-center cohort (1997–2008) in Switzerland, it was demonstrated that the majority of treated patients who initiated treatment in more recent years did not acquire drug resistance [36], as well as another study in a large Canadian cohort (1996–2016), which showed that the prevalence of ADR has been decreasing for all drug categories [16]. Concordant results were also observed in an Italian cohort (2003–2012), in a German cohort (2001–2011), in Spain (1999–2005) and in western Europe (1997–2008) [17,35,42,43]. Rocheleau et al. (2017) proposed that this decreasing trend of ADR is due to a combination of factors, which include the increased efficacy of ARV regimens, readily accessible combination regimens, and improved patient management [16].



For ART-experienced patients, the more prevalent mutations conferring resistance to NRTIs were M184IV, conferring high-level resistance to FTC and 3TC, and also reduced susceptibility to ABC. K103NS was the most prevalent mutation conferring resistance to NNRTIs, specifically to NVP and EFV, and L90M reduced susceptibility specifically to ATV and LPV. Over time we observed an important reduction in specific PIs and NRTIs mutations, such as M46IL, L90M, M41L and L210W. This could be associated with the higher genetic barrier of boosted PIs and of dual NRTIs formulations (2014) [44]. Moreover, antiretroviral regimens changed over time, with a large reduction in the prescription of thymidine analogues in Europe, which surely associates with the observed decrease in TAMs.



Similarly to TDR, ADR patients tended to present lower levels of VL at the time of resistance testing, which is consistent with the findings of the Swiss cohort [45]. We also found that the risk of ADR was significantly higher in male patients [17] and in patients infected with subtype B. ADR can be related to poor adherence, which has been shown to be a major determinant of virologic failure and the emergence of drug-resistant viruses. Barriers to optimal adherence may originate from individual (biological, socio-cultural, behavioral), pharmacological and societal factors, which makes these findings more complex to interpret. Other studies also associated the development of ADR with levels of adherence in each era of therapy initiation [16,17]. On the other hand, factors found to be associated with ADR—given its decreasing prevalence, and therefore the lower number of patients diagnosed with ADR in more recent years—could reflect older features of ADR acquisition, and not the most recent. Finally, subtype B, which caused the initial pandemic in the Western World, has been subject to selective pressure by ARV drugs for much longer than the other subtypes, and this should explain why we find significantly more ADR in this subtype.




5. Conclusions


In summary, our study showed that while ADR has been steadily decreasing since 2001, TDR has been increasing, reaching a worrying value of 13.1% in 2017. While the decreasing ADR seems to be caused mainly by the increasing efficacy of ARV therapy, TDR seems to be mainly driven by determinants of the virus, such as viral subtype and the fitness of the virus in the presence of particular mutations. Our results highlight that it is urgent to develop public health programs to monitor the levels and patterns of TDR in newly diagnosed patients.
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Author Contributions


Conceptualization: M.P. and A.A.; data curation: I.D., S.F., M.P., A.P.-P. and V.P.; formal analysis: M.P., A.P.-P., M.M., P.L., K.T. and A.A.; funding acquisition: A.A.; investigation: M.P., V.P., P.G., A.-M.V., R.C. and M.R.O.M.; methodology: M.P., A.P.-P., V.P., M.R.O.M., R.C. and A.A.; project administration: A.A.; resources: P.G., R.C., and A.-M.V.; supervision: A.A.; validation: M.P. and M.M.; writing—original draft: M.P. and A.A.; writing—review and editing: M.P. and A.A. All authors have read and agreed to the published version of the manuscript.




Funding


This study was supported by European Funds through grant Bio-Molecular and Epidemiological Surveillance of HIV Transmitted Drug Resistance, Hepatitis Co-Infections and Ongoing Transmission Patterns in Europe-BEST HOPE-(project funded through HIVERA: Harmonizing Integrating Vitalizing European Research on HIV/Aids, grant 249697); by FCT for funds to GHTM-UID/Multi/04413/2013 and GHTM-UID/04413/2020; by the MigrantHIV project (financed by FCT: PTDC/DTP-EPI/7066/2014); by Gilead Génese HIVLatePresenters and by Characterization of drug-resistance TB and HIV, and associated socio-behavioral factors among migrants in Lisbon, Portugal project financed by GHTM-UID/Multi/04413/2013. Pieter Libin was supported by a PhD grant of the FWO (Fonds Wetenschappelijk Onderzoek - Vlaanderen).




Acknowledgments


We would like to thank the patients and all the members of the Portuguese HIV-1 Resistance Study Group: Fátima Gonçalves, Joaquim Cabanas, Ana Patrícia Carvalho, Inês Costa from Laboratório de Biologia Molecular (LMCBM, SPC, CHLO-HEM), 1349-019 Lisboa Portugal; Kamal Mansinho, Ana Cláudia Miranda, Isabel Aldir, Fernando Ventura, Jaime Nina, Fernando Borges from Serviço de Doenças Infeciosas, Centro Hospitalar de Lisboa Ocidental, Hospital de Egas Moniz, Lisboa, Portugal; Emília Valadas, Manuela Doroana, Francisco Antunes from Serviço de Infeciologia, Hospital de Santa Maria, Centro Hospitalar de Lisboa Norte, Lisboa, Portugal; Nuno Marques, Maria João Aleixo, Maria João Águas, Júlio Botas from Serviço de Infeciologia, Hospital Garcia da Orta, Almada, Portugal; Teresa Branco, Patrícia Pacheco, Luís Duque from Serviço de Infeciologia, Hospital Fernando da Fonseca, Amadora, Portugal; José Vera, Luís Tavares from Serviço de Medicina Interna, Centro Hospitalar do Barreiro-Montijo, Portugal; Inês Vaz Pinto from Unidade funcional VIH/SIDA, Hospital de Cascais, Cascais, Portugal; José Poças, Joana Sá from Serviço de Infeciologia, Centro Hospitalar de Setúbal, Setúbal, Portugal; António Diniz, Margarida Serrado, Ana Mineiro from Serviço de Pneumologia, Hospital Pulido Valente, Centro Hospitalar de Lisboa Norte, Lisboa, Portugal; Flora Gomes, Cristina Guerreiro from Serviço de Obstetrícia - Maternidade Alfredo da Costa, Centro Hospitalar de Lisboa Central, Lisboa, Portugal; Carlos Santos, Domitília Faria, Paula Fonseca from Serviço de Medicina Interna-Centro Hospitalar do Algarve, Hospital de Portimão, Portimão, Portugal; Paula Proença from Serviço de Infeciologia-Centro Hospitalar do Algarve, Hospital de Faro, Faro, Portugal; Telo Faria from Unidade Local de Saúde do Baixo Alentejo, Hospital José Joaquim Fernandes, Beja, Portugal; Eugénio Teófilo, Sofia Pinheiro from Serviço de Infeciologia, Hospital de Santo António dos Capuchos, Centro Hospitalar de Lisboa Central, Lisboa, Portugal; Isabel Germano, Umbelina Caixas, Margarida Bentes Jesus from Serviço de Medicina 1.4, Centro Hospitalar de Lisboa Central, Hospital de São José, Lisboa, Portugal; Nancy Faria, Ana Paula Reis from Serviço de Doenças Infectocontagiosas, Hospital Central do Funchal, Madeira, Portugal; Graça Amaro, Fausto Roxo from Serviço de Doenças Infeciosas, Hospital Distrital de Santarém, Santarém, Portugal; Ricardo Abreu and Isabel Neves from Serviço de Infeciologia, Unidade de Local de Saúde de Matosinhos, Hospital Pedro Hispano, Matosinhos, Portugal.




Conflicts of Interest


The authors declare that they have no conflict of interests.




References


	



90-90-90: Treatment for All. Available online: https://www.unaids.org/en/resources/909090 (accessed on 23 September 2020).

	



Direção Geral da Saúde, Instituto Nacional de Saúde Doutor Ricardo Jorge. Infeção VIH e SIDA Em Portugal-2019; Direção Geral de Saúde (DGS): Lisbon, Portugal, 2019. [Google Scholar]

	



Palella, F.J.; Delaney, K.M.; Moorman, A.C.; Loveless, M.O.; Fuhrer, J.; Satten, G.A.; Aschman, D.J.; Holmberg, S.D. Declining morbidity and mortality among patients with advanced human immunodeficiency virus infection. N. Engl. J. Med. 1998, 338, 853–860. [Google Scholar] [CrossRef]

	



Clavel, F.; Hance, A.J. HIV drug resistance. N. Engl. J. Med. 2004, 350, 1023–1035. [Google Scholar] [CrossRef]

	



Cohen, M.S.; Chen, Y.Q.; McCauley, M.; Gamble, T.; Hosseinipour, M.C.; Kumarasamy, N.; Hakim, J.G.; Kumwenda, J.; Grinsztejn, B.; Pilotto, J.H.; et al. Prevention of HIV-1 infection with early antiretroviral therapy. N. Engl. J. Med. 2011, 365, 493–505. [Google Scholar] [CrossRef]

	



Gazzard, B.G.; Anderson, J.; Babiker, A.; Boffito, M.; Brook, G.; Brough, G.; Churchill, D.; Cromarty, B.; Das, S.; Fisher, M.; et al. British HIV Association Guidelines for the treatment of HIV-1-infected adults with antiretroviral therapy 2008. HIV Med. 2008, 9, 563–608. [Google Scholar] [CrossRef]

	



Hicks, C.B. Guideline watch. Antiretroviral drug resistance testing—Updated guidelines from the IAS-USA. AIDS Clin. Care 2008, 20, 64. [Google Scholar]

	



Libin, P.; Beheydt, G.; Deforche, K.; Imbrechts, S.; Ferreira, F.; Van Laethem, K.; Theys, K.; Carvalho, A.P.; Cavaco-Silva, J.; Lapadula, G.; et al. RegaDB: Community-driven data management and analysis for infectious diseases. Bioinforma 2013, 29, 1477–1480. [Google Scholar] [CrossRef]

	



Bennett, D.E.; Camacho, R.J.; Otelea, D.; Kuritzkes, D.R.; Fleury, H.; Kiuchi, M.; Heneine, W.; Kantor, R.; Jordan, M.R.; Schapiro, J.M.; et al. Drug resistance mutations for surveillance of transmitted HIV-1 drug-resistance: 2009 update. PLoS ONE 2009, 4, e4724. [Google Scholar] [CrossRef]

	



Pineda-Peña, A.C.; Faria, N.R.; Imbrechts, S.; Libin, P.; Abecasis, A.B.; Deforche, K.; Gómez-López, A.; Camacho, R.J.; De Oliveira, T.; Vandamme, A.-M. Automated subtyping of HIV-1 genetic sequences for clinical and surveillance purposes: Performance evaluation of the new REGA version 3 and seven other tools. Infect. Genet. Evol. 2013, 19, 337–348. [Google Scholar] [CrossRef]

	



Struck, D.; Lawyer, G.; Ternes, A.M.; Schmit, J.C.; Bercoff, D.P. COMET: Adaptive context-based modeling for ultrafast HIV-1 subtype identification. Nucleic Acids Res. 2014, 42, e144. [Google Scholar] [CrossRef]

	



Antiretroviral Treatment of Adult HIV Infection: 2014 Recommendations of the International Antiviral Society–USA Panel Clinical Pharmacy and Pharmacology. JAMA Network. Available online: https://jamanetwork.com/journals/jama/fullarticle/1889146 (accessed on 1 October 2020).

	



Pingarilho, M.; Pineda-Peña, A.; Gomes, P.; Libin, P.; Theys, K.; Abecasis, A. Molecular Epidemiology Of HIV Infection in Portuguese Migrant Population. Presented at the 15th European Meeting on HIV & Hepatitis, Rome, Italy, 30 May–1 June 2018. [Google Scholar]

	



Pimentel, V.F.; Pingarilho, M.; Alves, D.A.; Diogo, I.; Fernandes, S.; Miranda, M.; Pineda-Peña, A.C.; Libin, P.; Martins, M.D.R.O.; Vandamme, A.-M.; et al. Molecular epidemiology of HIV-1 infected migrants followed up in Portugal: Trends between 2001–2017. Viruses 2020, 12, 268. [Google Scholar] [CrossRef]

	



Rhee, S.-Y.; Blanco, J.L.; Jordan, M.R.; Taylor, J.; Lemey, P.; Varghese, V.; Hamers, R.L.; Bertagnolio, S.; De Wit, T.F.R.; Aghokeng, A.F.; et al. Geographic and temporal trends in the molecular epidemiology and genetic mechanisms of transmitted HIV-1 drug resistance: An individual-patient- and sequence-level meta-analysis. PLoS Med. 2015, 12, e1001810. [Google Scholar] [CrossRef]

	



Rocheleau, G.; Brumme, C.; Shoveller, J.; Lima, V.; Harrigan, P. Longitudinal trends of HIV drug resistance in a large Canadian cohort, 1996–2016. Clin. Microbiol. Infect. 2018, 24, 185–191. [Google Scholar] [CrossRef]

	



Schmidt, D.; Kollan, C.; Fätkenheuer, G.; Schülter, E.; Stellbrink, H.J.; Noah, C.; Jensen, B.-E.O.; Stoll, M.; Bogner, J.R.; Eberle, J.; et al. Estimating trends in the proportion of transmitted and acquired HIV drug resistance in a long term observational cohort in germany. PLoS ONE 2014, 9, e104474. [Google Scholar] [CrossRef]

	



Tostevin, A.; White, E.; Dunn, D.; Croxford, S.; Delpech, V.; Williams, I.; Asboe, D.; Pozniak, A.; Churchill, D.; Geretti, A.M.; et al. Recent trends and patterns in HIV-1 transmitted drug resistance in the United Kingdom. HIV Med. 2016, 18, 204–213. [Google Scholar] [CrossRef]

	



Olson, A.; Bannert, N.; Sönnerborg, A.; De Mendoza, C.; Price, M.; Zangerle, R.; Chaix, M.L.; Prins, M.; Kran, A.M.B.; Gill, J.; et al. Temporal trends of transmitted HIV drug resistance in a multinational seroconversion cohort. AIDS 2017, 32, 161–169. [Google Scholar] [CrossRef]

	



UK Collaborative Group on HIV Drug Resistance; Dolling, D.; Sabin, C. Time trends in drug resistant HIV-1 infections in the United Kingdom up to 2009: Multicentre observational study. BMJ 2012, 345, e5253. [Google Scholar] [CrossRef]

	



Colafigli, M.; Torti, C.; Trecarichi, E.; Albini, L.; Rosi, A.; Micheli, V.; Manca, N.; Penco, G.; Bruzzone, B.; Punzi, G.; et al. Evolution of transmitted HIV-1 drug resistance in HIV-1-infected patients in Italy from 2000 to 2010. Clin. Microbiol. Infect. 2012, 18, E299–E304. [Google Scholar] [CrossRef]

	



Kerr, C.; Allen, N.; Moynan, D. 06/Screening for Sexual Health Infections Including Chlamydia, Gonorrhea and Syphilis in Accordance with European Aids Clinical Society (EACS) Guidelines. EACS Guidelines 2018; Morressier: Berlin, Germany, 2018. [Google Scholar]

	



Lambert-Niclot, S.; Charpentier, C.; Storto, A.; Fofana, D.B.; Soulié, C.; Fourati, S.; Visseaux, B.; Wirden, M.; Morand-Joubert, L.; Masquelier, B.; et al. Prevalence of pre-existing resistance-associated mutations to rilpivirine, emtricitabine and tenofovir in antiretroviral-naive patients infected with B and non-B subtype HIV-1 viruses. J. Antimicrob. Chemother. 2013, 68, 1237–1242. [Google Scholar] [CrossRef]

	



Ross, L.L.; Shortino, D.; Shaefer, M.S. Changes from 2000 to 2009 in the prevalence of HIV-1 containing drug resistance-associated mutations from antiretroviral therapy-naive, HIV-1-infected patients in the United States. AIDS Res. Hum. Retroviruses 2018, 34, 672–679. [Google Scholar] [CrossRef]

	



Descamps, D.; Chaix, M.-L.; Montes, B.; Pakianather, S.; Charpentier, C.; Storto, A.; Barin, F.; Dos Santos, G.; Krivine, A.; Delaugerre, C.; et al. Increasing prevalence of transmitted drug resistance mutations and non-B subtype circulation in antiretroviral-naive chronically HIV-infected patients from 2001 to 2006/2007 in France. J. Antimicrob. Chemother. 2010, 65, 2620–2627. [Google Scholar] [CrossRef]

	



Riva, C.; Lai, A.; Caramma, I.; Corvasce, S.; Violin, M.; Dehò, L.; Prati, F.; Rossi, C.; Colombo, M.C.; Capetti, A.; et al. Transmitted HIV Type 1 drug resistance and Non-B subtypes prevalence among seroconverters and newly diagnosed patients from 1992 to 2005 in Italy. AIDS Res. Hum. Retroviruses 2010, 26, 41–49. [Google Scholar] [CrossRef]

	



Bracciale, L.; Colafigli, M.; Zazzi, M.; Corsi, P.; Meraviglia, P.; Micheli, V.; Maserati, R.; Gianotti, N.; Penco, G.; Setti, M.; et al. Prevalence of transmitted HIV-1 drug resistance in HIV-1-infected patients in Italy: Evolution over 12 years and predictors. J. Antimicrob. Chemother. 2009, 64, 607–615. [Google Scholar] [CrossRef]

	



Pineda-Peña, A.-C.; Schrooten, Y.; Vinken, L.; Ferreira, F.; Li, G.; Trovão, N.S.; Khouri, R.; Derdelinckx, I.; De Munter, P.; Kücherer, C.; et al. Trends and predictors of transmitted drug resistance (TDR) and clusters with TDR in a local belgian HIV-1 epidemic. PLoS ONE 2014, 9, e101738. [Google Scholar] [CrossRef]

	



Pimentel, V.; Serova, E.; Pingarilho, M.; Miranda, A.C.; Miranda, M.; Baptista, T.; Peres, S.; Antunes, I.; Borges, F.; Diogo, I.; et al. O Papel do Diagnóstico Tardio na Transmissão da Infeção de VIH-1 em Portugal. Presented at the 12th Joanadas de actualização em doenças infeciosas do Hospital Curry Cabral (CHULC), Lisbon, Portugal, 23–24 January 2020. [Google Scholar]

	



Mourad, R.; Chevennet, F.; Dunn, D.T.; Fearnhill, E.; Delpech, V.; Asboe, D.; Gascuel, O.; Hue, S. A phylotype-based analysis highlights the role of drug-naive HIV-positive individuals in the transmission of antiretroviral resistance in the UK. AIDS 2015, 29, 1917–1925. [Google Scholar] [CrossRef]

	



Drescher, S.M.; Von Wyl, V.; Yang, W.L.; Böni, J.; Yerly, S.; Shah, C.; Aubert, V.; Klimkait, T.; Taffé, P.; Furrer, H.; et al. Treatment-naive individuals are the major source of transmitted HIV-1 drug resistance in men who have sex with men in the swiss HIV cohort study. Clin. Infect. Dis. 2013, 58, 285–294. [Google Scholar] [CrossRef]

	



Paraskevis, D.; Kostaki, E.; Magiorkinis, G.; Gargalianos, P.; Xylomenos, G.; Lazanas, M.; Chini, M.; Nikolopoulos, G.; Skoutelis, A.; Papastamopoulos, V.; et al. Prevalence of drug resistance among HIV-1 treatment-naive patients in Greece during 2003–2015: Transmitted drug resistance is due to onward transmissions. Infect. Genet. Evol. 2017, 54, 183–191. [Google Scholar] [CrossRef]

	



Paraskevis, D.; Kostaki, E.; Gargalianos, P.; Xylomenos, G.; Lazanas, M.; Chini, M.; Skoutelis, A.T.; Papastamopoulos, V.; Paraskeva, D.; Antoniadou, A.; et al. Transmission dynamics of HIV-1 drug resistance among treatment-naïve individuals in Greece: The added value of molecular epidemiology to public health. Genes 2017, 8, 322. [Google Scholar] [CrossRef]

	



Kühnert, D.; Kouyos, R.; Shirreff, G.; Pečerska, J.; Scherrer, A.U.; Böni, J.; Yerly, S.; Klimkait, T.; Aubert, V.; Günthard, H.F.; et al. Quantifying the fitness cost of HIV-1 drug resistance mutations through phylodynamics. PLOS Pathog. 2018, 14, e1006895. [Google Scholar] [CrossRef]

	



Franzetti, M.; De Luca, A.; Ceccherini-Silberstein, F.; Spagnuolo, V.; Nicastri, E.; Mussini, C.; Antinori, A.; Monno, L.; Vecchiet, J.; Fanti, I.; et al. Evolution of HIV-1 transmitted drug resistance in Italy in the 2007–2014 period: A weighted analysis. J. Clin. Virol. 2018, 106, 49–52. [Google Scholar] [CrossRef]

	



Scherrer, A.U.; Von Wyl, V.; Yang, W.L.; Kouyos, R.D.; Böni, J.; Yerly, S.; Klimkait, T.; Aubert, V.; Cavassini, M.; Battegay, M.; et al. Emergence of acquired HIV-1 drug resistance almost stopped in Switzerland: A 15-year prospective cohort analysis. Clin. Infect. Dis. 2016, 62, 1310–1317. [Google Scholar] [CrossRef]

	



Cong, M.-E.; Heneine, W.; García-Lerma, J.G. The fitness cost of mutations associated with human immunodeficiency virus type 1 drug resistance is modulated by mutational interactions. J. Virol. 2006, 81, 3037–3041. [Google Scholar] [CrossRef]

	



Armstrong, K.L.; Lee, T.-H.; Essex, M. Replicative fitness costs of nonnucleoside reverse transcriptase inhibitor drug resistance mutations on HIV subtype C. Antimicrob. Agents Chemother. 2011, 55, 2146–2153. [Google Scholar] [CrossRef]

	



Winand, R.; Theys, K.; Eusébio, M.; Aerts, J.; Camacho, R.J.; Gomes, P.; Suchard, M.A.; Vandamme, A.-M.; Abecasis, A.B. Assessing transmissibility of HIV-1 drug resistance mutations from treated and from drug-naive individuals. AIDS 2015, 29, 2045–2052. [Google Scholar] [CrossRef]

	



Wertheim, J.O.; Pond, S.L.K.; Forgione, L.A.; Mehta, S.R.; Murrell, B.; Shah, S.; Smith, D.M.; Scheffler, K.; Torian, L.V. Social and genetic networks of HIV-1 transmission in New York City. PLOS Pathog. 2017, 13, e1006000. [Google Scholar] [CrossRef]

	



Yang, W.-L.; Kouyos, R.D.; Böni, J.; Yerly, S.; Klimkait, T.; Aubert, V.; Scherrer, A.U.; Shilaih, M.; Hinkley, T.; Petropoulos, C.; et al. Persistence of transmitted HIV-1 drug resistance mutations associated with fitness costs and viral genetic backgrounds. PLOS Pathog. 2015, 11, e1004722. [Google Scholar] [CrossRef]

	



De Luca, A.; Dunn, D.; Zazzi, M.; Camacho, R.; Torti, C.; Fanti, I.; Kaiser, R.; Sönnerborg, A.; Codoñer, F.M.; Van Laethem, K.; et al. Declining prevalence of HIV-1 drug resistance in antiretroviral treatment-exposed individuals in Western Europe. J. Infect. Dis. 2013, 207, 1216–1220. [Google Scholar] [CrossRef]

	



De Mendoza, C.; Garrido, C.; Corral, A.; Ramírez-Olivencia, G.; Jiménez-Nacher, I.; Zahonero, N.; González-Lahoz, J.; Soriano, V. Changing rates and patterns of drug resistance mutations in antiretroviral-experienced HIV-infected patients. AIDS Res. Hum. Retroviruses 2007, 23, 879–885. [Google Scholar] [CrossRef]

	



Franzetti, M.; Violin, M.; Antinori, A.; De Luca, A.; Ceccherini-Silberstein, F.; Gianotti, N.; Torti, C.; Bonora, S.; Zazzi, M.; Balotta, C. Trends and correlates of HIV-1 resistance among subjects failing an antiretroviral treatment over the 2003–2012 decade in Italy. BMC Infect. Dis. 2014, 14, 398. [Google Scholar] [CrossRef]

	



Yang, W.L.; Scherrer, A.U.; Shah, C.; Held, L.; Günthard, H.F.; Aubert, V.; Battegay, M.; Bernasconi, E.; Böni, J.; Bucher, H.C.; et al. Assessing the paradox between transmitted and acquired HIV Type 1 drug resistance mutations in the Swiss HIV cohort study from 1998 to 2012. J. Infect. Dis. 2015, 212, 28–38. [Google Scholar] [CrossRef]








[image: Viruses 12 01238 g001 550] 





Figure 1. Proportion of (A) transmitted drug resistance (TDR) in sequences from ART-NP between 2003 and 2017 and (B) of acquired drug resistance (ADR) in ART-EP between 2001 and 2017. NRTI, nucleotide reverse transcriptase inhibitors; NNRTI, non-nucleotide reverse transcriptase inhibitors; PI, protease inhibitors; ART-NP, antiretroviral-naïve patients; ART-EP, antiretroviral-experienced patients. 
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Figure 2. Proportion of resistance mutations in sequences (A) ART-NP and (B) ART-EP and proportion of M184V, K103N and L90M mutations in (C) ART-NP and (D) ART-EP over time between 2001 and 2017. TAM, Thymidine analog mutation; NRTI, nucleotide reverse transcriptase inhibitors; NNRTI, non-nucleotide reverse transcriptase inhibitors; PI, protease inhibitors. ART-NP, antiretroviral-naïve patients; ART-EP, antiretroviral-experienced patients. 
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Figure 3. Predicted phenotypic resistance (Stanford scores) for antiretroviral drugs currently recommended as first line therapy in Portugal (A) for ART-NP (2003–2017) and (B) for ART-EP (2003–2017). Scores of low-level (score 2 and 3), intermediate level (score 4) or high-level (score 5) resistance were used to predict phenotypic resistance. Abbreviations: NRTI, nucleoside reverse transcriptase inhibitors; NNRTI, non-nucleoside reverse transcriptase inhibitors; PI, protease inhibitors; FTC, emtricitabine; TDF, tenofovir; 3TC, lamivudine; ABC, abacavir; EFV, efavirenz; RPV, rilpivirine; DRV/r, darunavir; LPV/r, lopinavir; ATV/r, atazanavir; ART-NP, antiretroviral-naïve patients; ART-EP, antiretroviral-experienced patients. 
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Table 1. Demographic and clinic patient characteristics, 2001–2017. ART, antiretroviral; ART-NP, antiretroviral-naïve patients; ART-EP, antiretroviral-experienced patients.
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	Patient Characteristics
	ART-NP
	ART-EP





	Total, n (%)
	7310 (100%)
	3848 (100%)



	Sex, n (%)
	
	



	Female
	2521 (34.5%)
	1239 (32.2%)



	Male
	4719 (64.6%)
	2588 (67.3%)



	Median age at genotyping in years (IQR)
	38.0 (31.0–48.0)
	39.0 (33.0–46.0)



	18–25
	766 (10.5%)
	153 (4.0%)



	26–40
	3287 (45.0%)
	1930 (50.2%)



	41–55
	2263 (31.0%)
	1366 (35.5%)



	>56
	843 (11.5%)
	340 (8.8%)



	Mode of transmission, n (%)
	
	



	Heterosexuals
	358 (4.9%)
	181 (4.7%)



	Men who have sex with men
	193 (2.6%)
	69 (1.8%)



	Intravenous drug use
	189 (2.6%)
	173 (4.5%)



	Others
	78 (1.1%)
	106 (2.8%)



	Unknown
	6492 (88.8%)
	3319 (86.3%)



	Region of origin, n (%)
	
	



	Portugal
	2535 (34.7%)
	1152 (29.9%)



	Sub-Saharan Africa
	972 (13.3%)
	427 (11.1%)



	South America
	201 (2.8%)
	46 (1.2%)



	Europe
	81 (1.1%)
	20 (0.5%)



	Others
	10 (0.1%)
	4 (0.1%)



	Unknown
	3511 (48.0%)
	2199 (57.2%)



	Year of genotyping, n (%)
	
	



	2001–2005
	655 (9.0%)
	1555 (40.4%)



	2006–2009
	1812 (24.8%)
	1226 (31.9%)



	2010–2013
	2270 (31.1%)
	588 (15.3%)



	2014–2017
	2573 (35.2%)
	479 (12.4%)



	HIV-1 subtype, n (%)
	
	



	Subtype B
	2686 (36.7%)
	1639 (42.6%)



	Subtype G
	1845 (25.2%)
	1262 (32.8%)



	Subtype C
	499 (6.8%)
	149 (3.9%)



	Subtype A
	312 (4.3%)
	55 (1.4%)



	Subtype F1
	265 (3.6%)
	72 (1.9%)



	Circulating Recombinants Forms (CRFs)
	1621 (22.2%)
	635 (16.5%)



	Other HIV-1 subtypes
	67 (0.92%)
	28 (0.7%)



	CD4 count at time of resistance test (cells/mL)
	
	



	Median CD4 count (IQR; range)
	321.5 (145.0–505.0)

(0.0–1905.0)
	262.0 (136.0–440.0)

(0.0–1844.0)



	<50
	415 (5.7%)
	308 (8.0%)



	51–200
	762 (10.4%)
	868 (22.6%)



	201–350
	807 (11.0%)
	817 (21.2%)



	351–500
	735 (10.1%)
	533 (13.9%)



	501
	929 (12.7%)
	565 (14.7%)



	Unknown
	3662 (50.1%)
	757 (19.7%)



	Viral Load at time of resistance test (log10 copies/mL)
	
	



	Median Log Viral Load (IQR)
	4.8 (4.2–5.4)
	4.2 (3.5–4.8)



	<4.0
	1111 (15.2%)
	1526 (39.7%)



	4.1 to 5.0
	2354 (32.2%)
	1227 (31.9%)



	>5.1
	2187 (29.9%)
	620 (16.1%)



	Unknown
	1658 (22.7%)
	475 (12.3%)
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Table 2. Proportion of transmitted drug (TDR) and of acquired drug resistance (ADR) between 2001 and 2017. ART-NP, antiretroviral-naïve patients; ART-EP, antiretroviral-experienced patients; P-value for trend of TDR between 2003 and 2017 and of ADR between 2001 and 2017. Prot, protease; RT, reverse transcriptase; DRM, drug resistance mutations; NRTI, nucleotide reverse transcriptase inhibitors; NNRTI, non-nucleotide reverse transcriptase inhibitors; PI, protease inhibitors; CI, confidence interval; OR, odds ratio.






Table 2. Proportion of transmitted drug (TDR) and of acquired drug resistance (ADR) between 2001 and 2017. ART-NP, antiretroviral-naïve patients; ART-EP, antiretroviral-experienced patients; P-value for trend of TDR between 2003 and 2017 and of ADR between 2001 and 2017. Prot, protease; RT, reverse transcriptase; DRM, drug resistance mutations; NRTI, nucleotide reverse transcriptase inhibitors; NNRTI, non-nucleotide reverse transcriptase inhibitors; PI, protease inhibitors; CI, confidence interval; OR, odds ratio.





	
Transmitted Drug Resistance (TDR)

	
n (%)

	
95% CI

	
OR (95% CI)

	
p for Trend (2003–2017)




	
Prot/RT Sequence from ART-NP

	






	
Total

	
7310 (100.0%)

	

	

	




	
Any DRMs

	
690 (9.4%)

	

	
1.046 (1.024–1.068)

	
<0.001




	
NRTI resistance

	
289 (4.0%)

	
3.5–4.4

	
1.053 (1.019–1.088)

	
0.002




	
NNRTI resistance

	
367 (5.0%)

	
4.5–5.5

	
1.053 (1.028–1.078)

	
<0.001




	
PI resistance

	
206 (2.8%)

	
2.5–3.2

	
1.000 (0.964–1.038)

	
0.985




	
Single class resistance

	
535 (7.3%)

	
6.7–7.9

	
1.038 (1.014–1.063)

	
0.002




	
Dual class resistance

	
138 (1.9%)

	
1.6–2.2

	
1.071 (1.021–1.123)

	
0.005




	
PI + NRTI resistance

	
30 (0.4%)

	
0.3–0.6

	
0.891 (0.808–0.982)

	
0.021




	
PI + NNRTI resistance

	
18 (0.2%)

	
0.2–0.4

	
0.999 (0.883–1.132)

	
0.994




	
NRTI+NNRTI resistance

	
90 (1.2%)

	
0.9-1.5

	
1.163 (1.091–1.240)

	
<0.001




	
Triple class resistance

	
17 (0.2%)

	
0.1–0.4

	
1.019 (0.895–1.160)

	
0.779




	
Acquired drug resistance (ADR)

	
n (%)

	
95% CI

	
OR (95% CI)

	
p for trend (2001–2017)




	
Prot/RT sequence from ART-EP

	




	
Total

	
3848 (100.0%)

	

	

	




	
Any DRMs

	
2657 (69.0%)

	
67.6–70.5

	
0.867 (0.852–0.881)

	
<0.001




	
NRTI resistance

	
2225 (57.8%)

	
56.2–59.4

	
0.854 (0.840–0.868)

	
<0.001




	
NNRTI resistance

	
1763 (45.8%)

	
44.2–47.4

	
0.952 (0.938–0.967)

	
<0.001




	
PI resistance

	
909 (23.6%)

	
22.3–25.0

	
0.822 (0.804–0.841)

	
<0.001




	
Single class resistance

	
798 (20.7%)

	
19.0–22.0

	
1.022 (1.004–1.040)

	
0.019




	
Dual class resistance

	
1478 (38.0%)

	
37.0–40.0

	
0.908 (0.893–0.923)

	
<0.001




	
PI + NRTI resistance

	
449 (11.6%)

	
10.6-12.7

	
0.813 (0.788–0.839)

	
<0.001




	
PI + NNRTI resistance

	
24 (0.6%)

	
0.4–0.9

	
0.959 (0.870–1.058)

	
0.405




	
NRTI+NNRTI resistance

	
1005 (26.0%)

	
24.7–27.5

	
0.974 (0.957–0.990)

	
0.002




	
Triple class resistance

	
381 (9.9%)

	
9.0–10.9

	
0.840 (0.814–0.867)

	
<0.001
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Table 3. Multiple regression analysis of factors associated with HIV-transmitted drug resistance. TDR, transmitted drug resistance; ADR, acquired drug resistance; CI, confidence interval; OR, odds ratio. * p < 0.05.
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	Any TDR
	
	NRTI TDR
	
	NNRTI TDR
	
	PI TDR
	





	Variable
	OR (95%CI)
	p
	OR (95%CI)
	p
	OR (95%CI)
	p
	OR (95%CI)
	p



	Sex
	
	
	
	
	
	
	
	



	Female *
	
	
	
	
	
	
	
	



	Male
	1.21(0.95–1.55)
	0.124
	1.07(0.73–1.59)
	0.708
	1.03(0.75–1.40)
	0.852
	1.67(1.07–2.94)
	0.024



	Age at diagnosis
	
	
	
	
	
	
	
	



	18–25 *
	
	
	
	
	
	
	
	



	26–40
	0.97(0.69–1.36)
	0.860
	1.33(0.72–2.44)
	0.361
	0.75(0.49–1.15)
	0.186
	1.78(0.91–3.50)
	0.093



	41–55
	0.98(0.68–1.40)
	0.896
	1.74(0.63–3.07)
	0.082
	0.76(0.48–1.21)
	0.248
	1.44(0.70–2.94)
	0.319



	>56
	1.15(0.74–1.79)
	0.520
	1.40(0.63–3.07)
	0.405
	1.20(0.71–2.03)
	0.498
	2.02(0.89–4.59)
	0.091



	Subtypes
	
	
	
	
	
	
	
	



	B *
	
	
	
	
	
	
	
	



	Non-B
	0.74(0.60–0.92)
	0.006
	0.45(0.31–0.65)
	<0.001
	1.19(0.89–1.59)
	0.240
	0.65(0.45–0.94)
	0.021



	Viral Load (log10 copies/mL)
	
	
	
	
	
	
	
	



	< 4.0 *
	
	
	
	
	
	
	
	



	4.1 to 5.0
	0.73(0.56–0.96)
	0.024
	0.42(0.28–0.63)
	<0.001
	0.70(0.49–1.00)
	0.054
	0.76(0.49–1.19)
	0.234



	>5.1
	0.66(0.49–0.87)
	0.004
	0.38(0.25–0.59)
	<0.001
	0.65(0.44–0.94)
	0.023
	0.50(0.31–0.83)
	0.007



	
	
	
	
	
	
	
	
	



	
	Any ADR
	
	NRTI ADR
	
	NNRTI ADR
	
	PI ADR
	



	Variable
	OR (95%CI)
	p
	OR (95%CI)
	p
	OR (95%CI)
	p
	OR (95%CI)
	p



	Sex
	
	
	
	
	
	
	
	



	Female *
	
	
	
	
	
	
	
	



	Male
	1.44(1.20–1.73)
	<0.001
	1.40(1.18–1.67)
	<0.001
	1.15(0.97–1.35)
	0.112
	1.66(1.35–2.05)
	<0.001



	Age at diagnosis
	
	
	
	
	
	
	
	



	18–25 *
	
	
	
	
	
	
	
	



	26–40
	1.12(0.73–1.73)
	0.602
	1.13(0.74–1.72)
	0.565
	0.85(0.57–1.27)
	0.420
	1.71(0.95–3.07)
	0.072



	41–55
	1.07(0.69–1.67)
	0.764
	1.11(0.72–1.70)
	0.626
	0.83(0.55–1.25)
	0.375
	1.76(0.97–3.18)
	0.062



	>56
	1.27(0.76–2.12)
	0.367
	1.37(0.84–2.24)
	0.207
	0.84(0.53–1.35)
	0.481
	2.65(1.40–5.02)
	0.003



	Subtypes
	
	
	
	
	
	
	
	



	B *
	
	
	
	
	
	
	
	



	Non-B
	0.68(0.57–0.80)
	<0.001
	0.61(0.52–0.72)
	<0.001
	0.98(0.84–1.14)
	0.789
	0.64(0.54–0.77)
	<0.001



	Viral Load (log10 copies/mL)
	
	
	
	
	
	
	
	



	<4.0 *
	
	
	
	
	
	
	
	



	4.1 to 5.0
	0.63(0.52–0.76)
	<0.001
	0.60(0.50–0.71)
	<0.001
	0.89(0.75–1.05)
	0.165
	0.85(0.70–1.03)
	0.090



	>5.1
	0.34(0.27–0.42)
	<0.001
	0.29(0.23–0.36)
	<0.001
	0.69(0.56–0.85)
	0.001
	0.50(0.38–0.65)
	<0.001
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