AIDS, Publish Ahead of Print
DOI: 10.1097/QAD.0000000000002046

The effect of primary drug resistance on CD4 cell decline and the viral load set-point in
HIV positive individuals before the start of antiretroviral therapy

Anna Schultzel, Carlo Tortiz, Alessandro Cozzi—Lepril, Anne-Mieke Vandamme“, Maurizio
Zazzi®, Helen Sambatakou®, Andrea De Luca’, Anna Maria Geretti® , Anders Sonnerborg9’
Lidia Ruizlo, Laura Monno“, Simona Di Giambenedettolz, Andrea Gori'® and Giuseppe
Lapadula'” for the European Transmitted Drug Resistance collaboration (EU-TDR)

1. Department of Infection and Population Health, University College London, London, UK
2. Unit of Infectious and Tropical Diseases, Department of Medical and Surgical Sciences,
University "Magna Graecia", Catanzaro, Italy; 3. KU Leuven — University of Leuven, Rega
Institute for Medical Research, Leuven, Belgium

4. Instituto de Higiene e Medicina Tropical, Universidade Nova de Lisboa, Lisbon, Portugal
5. University of Siena, Siena, Italy

6. Hippokration General Hospital, University of Athens, Athens, Greece

7. Department of Medical Biotechnologies and Division of Infectious Diseases and of
Hepatology, University of Siena and Siena University Hospital, Siena, Italy

8. University of Liverpool, Liverpool, UK

9. Karolinska Institute, Stockholm, Sweden

10. Retrovirology Laboratory, IrsciCaixa Foundation, Badalona, Spain

11. Ospedale Policlinico, University of Bari, Bari, Italy

12. “Sacro Cuore” Catholic University, Rome, Italy

13. Infectious Diseases Unit, Department of Internal Medicine, Fondazione IRCCS Ca’
Granda, Ospedale Maggiore Policlinico, University of Milan

14. Clinic of Infectious Diseases, "S. Gerardo de' Tintori" Hospital, ASST Monza-Brianza,
Monza, Italy

Correspondence to: Anna Schultze, HIV & Biostatistics Group, Department of Infection and
Population Health, UCL Royal Free Campus, NW3 20G, London, UK, currently at Real-
World Evidence, Evidera, Metro Building, 6th Floor, 1 Butterwick, London W6 8DL

Email: a.schultze@ucl.ac.uk; currently at anna.schultze@evidera.com

Co-author emails:

torti.carlo@libero.it
a.cozzi-lepri@ucl.ac.uk
annemie.vandamme(@uzleuven.be
zazzi(@unisl.it
helensambatakou@msn.com
andrea.deluca@unisi.it
A.M.Geretti@liverpool.ac.uk
Anders.Sonnerborg@ki.se
lruiz@jirsicaixa.es
laura.monno(@uniba.it

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



simona.digiambenedetto@unicatt.it
andrea.gori@unimib.it
giuseppe.lapadula@gmail.com

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Abstract

Objective: To evaluate the effect of primary resistance and selected polymorphic amino-acid
substitutions in HIV reverse transcriptase (RT) and protease (PR) on the CD4 count and viral

load (VL) set point before the start of ART.

Design: Prospective cohort study.

Methods: 6,180 individuals with a resistance test prior to starting ART accessing care in HIV
clinics across Europe who had at least 1 VL and 1 CD4 test available were included in the
analysis. The impact of amino-acid substitutions variants on VL and CD4 trends was
investigated using linear mixed models. Clusters of mutations were studied using principal

component analysis.

Results: Overall, the detection of any primary resistance was not associated with either the
speed of CD4 decline or the viral load set point. However, transmitted nucleoside RT
inhibitor and PR inhibitor resistance appeared to be weakly associated with lower VL set
points, as were the polymorphic G16E or Q92K PR mutations. There was some evidence
suggesting that these effects varied according to HIV subtype, with the effects of transmitted
NRTI and PR resistance being particularly marked among individuals with a subtype B virus.
A cluster of five polymorphic PR substitutions at position 20, 13, 36, 69 and 89 was

associated with less steep CD4 declines and lower VL set points.
Conclusions: Although we found little evidence for an association between primary

resistance and CD4 speed of decline and VL set point, the potential role of polymorphic PR
(alone or in clusters) and their interplay with HIV subtype needs to be further evaluated.

Keywords: HIV, Transmitted Drug Resistance, Linear Mixed Models, Principal Component
Analysis
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Background

Approximately 10% of individuals newly diagnosed with HIV in Europe carry transmitted
drug resistance mutations (TDRM) (1-3), and the prevalence of TDRM appears to be either
stable (1,3) or decreasing slightly over time in some countries (2). TDRM can compromise
the response to therapy unless genotypic resistance testing (GRT) is used to construct a
regimen that is fully suppressive (4), hence European guidelines recommend that individuals
are tested for transmitted drug resistance (TDR) before the initiation of antiretroviral
treatment (ART) (5). However, TDRM may also affect disease progression before the start of
ART.

Most drug resistance mutations (DRM) negatively affect the replicative capacity (RC) of HIV
in the absence of treatment and therefore tend to revert to wild-type (WT) relatively quickly
before treatment is started (6). However, studies have also shown that some TDRM can
persist for several years (6—8). This could either be because the effect of the TDRM on the
RC is very small, as is the case for non-nucleoside RT inhibitor (NNRTI) mutations such as
KI103N, or because a reversion would cause an initial further reduction of the RC (9).
Differences in fitness between viruses carrying distinct types of DRM and WT strains could
also result in differences in virulence, and thus influence the natural history of HIV (10).
DRM that strongly affect fitness have been speculated to result in lower viral load (VL) set
point and higher CD4 cell counts, and consequently a slower disease progression
(11). However, it is also possible that the presence of DRM with low fitness costs, or even
potential fitness benefits (12), could lead to an increased CD4 decline and a more rapid

disease progression (10).

Although all individuals should start treatment as soon as possible after being diagnosed with
HIV (5,13,14), any such difference in RC could influence the outcomes of undiagnosed
HIV-infected patients and the transmission dynamics of the HIV epidemic at a population
level (15,16). This could have important implications for mathematical models of the disease
and consequently the development of public health policies (16,17). Accurately determining
any such impact of TDRM on disease progression is of growing importance, given the
observed rise in TDRM following the roll-out of ART in Sub-Saharan Africa (18,19).
Previous research has found that the detection of any TDRM can lead to a more rapid disease

progression in the first year after infection (10), but the impact of specific mutations has not
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been comprehensively evaluated. The aim of this analysis was therefore to investigate the
effect of primary drug resistance on virulence as estimated by the viral load set point and the
CD4 cell decline before the start of ART. Our hypothesis was that classes of mutations or
individual mutations which cause a reduction in viral fitness would be associated with a

lower viral set point as well as a reduced rate of CD4 decline.

Methods

Data Source and Study Population

The European Transmitted Drug Resistance collaboration (EU-TDR) database was obtained
by merging the databases of two European collaborative consortiums on antiretroviral drug
resistance (the Virolab Consortium and the EuResist Consortium) with data from the
EuroSIDA cohort and three additional centres caring for HIV-positive patients (St. Mary's
Hospital, Imperial College London; Royal Free Hospital, NHS Foundation Trust in London
and "Policlinico" hospital, University of Bari). Details of the contributing data sources are

shown in Appendix I, http://links.lww.com/QAD/B374.

We included treatment-naive individuals who were aged over 18 at their first visit date and
had a resistance test as well as at least one VL and one CD4 measurement available before

the start of ART.

Classification of Drug Resistance

Two different systems for drug resistance classification were used in the present analysis: (i)
Surveillance DRM (SDRM) from the WHO 2009 list (20), and (ii) a wider list of treatment-
associated DRM, including all substitutions listed as changes conferring resistance in at least
one of the four main resistance classification systems: ANRS, IAS, Stanford HIVdb and
Rega. Because minor compensatory mutations, particularly in the protease (PR) gene, are
also likely to influence the fitness of a given strain (6,15) we also selected non-polymorphic
PR mutations associated with PI exposure, but not necessarily with drug resistance, from the
Stanford HIVdb (Appendix II, http://links.Iww.com/QAD/B374). This selection process
resulted in a full list of 129 reverse transcriptase (RT) and 147 PR substitutions. Out of this

complete list, we evaluated 41 substitutions which met a pre-specified prevalence threshold
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in our dataset (1%) for their effect on CD4 counts and the VL (Appendix II,
http://links.Iww.com/QAD/B374).

CD4 decline and VL levels among individuals with >1 DRM, >1 class-specific DRM and
individual mutations were compared to that among individuals with no resistance, defined as
no NRTI, NNRTI or major PI mutations included in the complete list. Drug resistance was
assumed to be present throughout the duration of the follow-up and the results of multiple

tests considered cumulatively.

We also studied the impact of mutational patterns by conducting a principal component
analysis (PCA) to identify clusters of mutations in the RT and PR gene (Appendix III,
http://links.lww.com/QAD/B374). After identifying the clusters, each individual in the
dataset was assigned a score indicating how closely their mutational pattern matched that
described by each cluster. For simplicity, the scores were dichotomized using the 3™ quartile
(Q3) as a cut-off point. This allowed us to categorise individuals into those whose mutation
pattern was similar to that described by a given cluster (“Above Q3”) and those whose

mutation pattern was not (“Below Q3”).

Statistical Methods

We used linear mixed models with a random intercept and slope to estimate the effect of
resistance on the CD4 count decline and on the VL set point. CD4 decline according to the
detection of resistance was estimated by including an interaction term between time and an
indicator variable for the resistance exposure in a mixed model using CD4 counts as the
outcome. The effect of resistance on VL was estimated by considering the effect of
resistance on the intercept from a mixed model using VL as the outcome. The rationale for
using only the intercept for the VL outcome is due to the relative stability of VL over the
course of the natural history of HIV (21). Potential confounders (HIV risk group, viral
subtype, calendar year of genotyping and cohort) were included on the basis of clinical
judgement, previous publications, and the data available in the cohorts [Model 1]. We
additionally present results adjusting for VL (CD4 outcome model) and CD4 counts (VL
outcome model) [Model 2]. We corrected for multiple testing using the Benjamini-Hochberg
method for controlling the false discovery rate only for the analyses of individual mutations,

as these were selected on the basis of their prevalence and not a-priori reasoning. As the
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described mutations lists have been generated for HIV subtype B, the analyses were repeated

stratified according to subtype.

Results

Characteristics of the study population

6,180 individuals were included in the analysis. The majority of individuals were male
(77%), most had acquired their HIV through sex with another man (46%) and 64% were
infected with a subtype B virus. Individuals contributed a median of 5 CD4 measurements
(IQR=3-9) and 4 VL measurements (IQR=2-8) over a median of 1.4 (IQR=0.1-3.8) years.
The median time between the date of the resistance test and the first CD4/VL measurement
was 0 (IQR=-5; 0) months. The baseline median CD4 count was 420 (IQR=289-583)
cells/mm’, and the baseline median VL was relatively high at 4.5 log;o copies/mL (IQR=3.9-
5.0). The mean VL set point as estimated from univariable mixed models was 4.4 logo
copies/mL (95%CI=4.34-4.4), and CD4 counts declined with an estimated 54 (95%CI=56-

52) cells/mm’/year.

Resistance prevalence

The prevalence of SDRM was 10%. NRTI resistance was most commonly detected, at 7.1%,
followed by NNRTI (3.2%) and PI (2.6%) resistance. Using the wider DRM list, resistance
prevalence was 54%, with PI resistance most common (31.3%) followed by NNRTI (25.3%)
and NRTI resistance (11.1%). The combined prevalence of major and minor compensatory
PR mutations was very high, at 95.2%. The most common mutations were PR mutations,
with L63P present in 40.8% of individuals. The most common RT mutation was V1791
(6.5%).

Clusters of mutations

The PCA identified two RT and two PR clusters (Appendix III,
http://links.Iww.com/QAD/B374). We found that the first RT cluster contained a large
number of RT mutations that conferred both NRTI and NNRTI resistance: the 151M complex
(substitutions in position 151, 115, 116, 75, 77 and 62) together with substitutions in position
74 and 65 as well as substitutions in position 100, 188, 179 and 230 (Appendix III,
http://links.Iww.com/QAD/B374). The second RT cluster contained the thymidine analogue
mutations (TAM), and included substitutions in position 41, 67, 219, 215, 210 and 70 as well
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as a polymorphic substitution in position 44, the 184 substitution and a substitution in

position 181 (Appendix III, http://links.lww.com/QAD/B374).

The first PR cluster contained a number of major PI resistance-associated substitutions
(position 46, 82, 47, 30, 32, 84, 48, 90, 50, 54 and 88) as well as a few minor PI mutations in
position 73, 53 and 24. The second PI cluster contained 5 minor/polymorphic PR
substitutions in  position 20, 13, 36, 69 and 89 (Appendix III,
http://links.Iww.com/QAD/B374).

Effect of SDRM and DRM on the VL set point

Associations between the detection of SDRM, DRM and the VL set point can be seen in
Figure 1a-b. The estimated VL set point did not seem to vary according to the detection of
SDRM after adjustment for the pre-specified confounders (difference=-0.05 log;o copies/ml,
p=0.13). There was some weak evidence that the set point was slightly lower among
individuals with NRTI and PI SDRM compared to those with no resistance (p=0.03 and
p=0.04 respectively), but the magnitude of the difference was relatively small (difference=-
0.08 logo copies/mL, 95% CI=-0.16; -0.01 and -0.13 log;o copies/mL, 95%CI=-0.25; -0.01

respectively).

The effect of individual mutations and clusters of mutations on the VL set point

After adjustment for all pre-specified confounders, there was evidence for a lower VL set
points among individuals who carried the GI6E or Q92K mutations in the PR (both q<0.001,
Figure 2a-b). There was reasonable evidence suggesting that individuals whose mutation
pattern aligned closely with that described by the second PR cluster, containing minor PR
mutations, had lower VL set points both in univariable and multivariable analyses (adjusted

p=0.004; Figure 3a).

Effect of SDRM and DRM on CD4 decline

CD4 cells decline was estimated to be 53 cellss/mm3/year (95%CI=-56; -49) among
individuals infected with viruses without SDRM and 55 (95%CI=-63; -48) cells/mm3/year
among those infected with a virus carrying >1 SDRM (p-value for difference=0.47). These
estimates did not change markedly upon covariate adjustments (Figure 4a-b). There was
also no evidence that the detection of SDRM of any class was associated with reduced or

increased CD4 declines (Figure 4a). The findings were similar when considering DRM
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(Figure 4b), although there was a slightly stronger evidence suggesting that the detection of
NNRTI DRM was associated with steeper CD4 decline when compared to people with no
resistance (difference = -6 cells/mm3/year, 95% CI=-12;0) p=0.04 after adjustment, Figure
4b).

Effect of individual mutations and clusters of mutations on CD4 decline

No individual mutation was associated with the CD4 slope (Figure S5a-b). The strongest
signals were found for the A71T, L10V in PR region and K101Q in the RT, which were all
associated with a steeper CD4 decline albeit not significantly after correcting for multiple
testing. The first RT and PR clusters did not seem to have any marked effect on CD4 decline
(p=0.37 and 0.17 respectively, Figure 5a-b). In contrast, the second PR cluster was strongly
associated with less steep CD4 decline (p<0.001, Figure 3b). CD4 counts declined of 9 cells
(95%CI=4-15) less per year among individuals whose mutation pattern was similar to that
described by this cluster. The second RT cluster was marginally associated with a slightly

steeper CD4 decline (p=0.05).

Stratified analyses according to viral subtype

There were some notable differences in the stratified analyses. First of all, the effect of any PI
SDRM on CD4 decline was more marked among individuals infected with a subtype B virus
(adjusted difference=+15 cells/mm’/year, 95%CI=0-30, p=0.05), as was the effect of NNRTI
DRM (adjusted difference=-10 cells/mm3/year, 95%CI=-17; -3, p=0.005). In contrast,
NNRTI DRM was not associated with CD4 decline among individuals infected with a non-B
virus (-2.17, 95%CI=-15.94; 11.60, p=0.757). There was reasonable evidence that these
effects varied significantly according to subtype (p interaction=0.02 for both). The effect of
both the second RT and PR cluster on CD4 decline grew more extreme with wider
confidence intervals among individuals with subtype B viruses, but interaction tests indicated
that only the effect of the second PR cluster was likely to vary significantly according to
subtype (p=0.007).

In terms of individual DRM, the evidence supporting an effect of the A71T and K101Q
mutations on CD4 decline grew slightly stronger when restricting the analyses to individuals
infected with a subtype B virus (both adjusted p=0.06), although interaction tests were only
marginally significant (p=0.07 and 0.08 respectively). The point estimates for both the G16E

and Q92K substitutions also moved towards zero when restricting to this patient population,
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but grew more extreme among individuals infected with non-B viruses. Tests for interaction
indicated that the effect of at least the G16E mutation differed significantly according to
subtype (p=0.001 for G16E and p=0.11 for Q92K).

Discussion

To our knowledge, this is the largest analysis to date describing the influence of primary HIV
drug resistance on the VL set point and CD4 cell decline before the start of ART. Overall, the
detection of any SDRM or DRM was not associated with either end-point, although a number
of other genetic changes in the HIV genome appeared to have a small but significant effect on

both the VL set point and CD4 cell decline.

Viral load set point
We found weak evidence that the detection of transmitted NRTI and PI resistance was

associated with lower VL set points, but the overall differences were small — around 0.1 log;o
copies/mL. It is unclear whether a difference of this size would impact on either the
transmission dynamics of HIV at population level or clinical progression. There were slightly
larger differences between individuals who had the G16E and Q92K mutations, both of
which were associated with lower VL set points at least among individuals infected with non-
B viruses. We also found reasonably robust evidence that a cluster of minor PR mutations,
involving positions 13, 20, 36, 69 and 89, had a small but significant protective effect on both
the CD4 decline and VL set point, particularly among patients infected with a subtype B
virus. A previous study found that the 201 substitution significantly correlates with lower VL
during primary HIV infection (22). On the other hand, substitutions at position 36 are very
common in non-B subtypes, and viruses carrying this substitution have a higher RC than
subtype B wild type viruses (23,24). In other subtypes, such as G or CRF02-AG,
substitutions at position 36 tend to appear together with substitutions at position 20, and it has
been suggested that the combination of these mutations may present a selective advantage to
the virus (24). In this respect, our findings are somewhat counterintuitive as, although the
cluster contained other minor PR mutations, we would expect any strain with higher RC to
cause faster CD4 count decline and a higher VL set point. It is possible that the effect of the
20 and 36 mutations differ depending on the detection of other substitutions that formed part

of this cluster.

A number of authors have described the relationship between TDRM detection and VL

values (15,25-28). Harrison et al. did not find any evidence that resistance to a single drug
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class was associated with VL, although the M184V mutation appeared to be associated with a
lower baseline VL (25). We did not find any evidence of this. However, resistance mutations
that markedly impair HIV RC, such as M184V, are likely to wane over time due to reversion
to wild-type and the overgrowth by more fit variants (29). The fact that we estimated the VL
set point using more than a single VL value could also explain the apparent discrepancy

between our findings and those of Harrison and colleagues.

CD4 count decline
Despite the large sample size, we were not able to find any definitive evidence that

SDRM/DRM influenced CD4 decline. Nonetheless, patients infected by viruses harbouring
A71T and L10V substitutions in the PR region had steeper CD4 declines, though these
associations were not statistically significant after applying a correction for multiple testing.
Interestingly, previous in vitro studies have linked changes in positions 10 and 71 with
recovery of viral fitness during treatment with protease inhibitors (30-32). In addition, an in
vivo study suggested that mutations L10I/V and A71V/T do not reduce the relative fitness of
the virus once treatment is stopped (33). A possible interpretation of these findings is that
certain compensatory mutations occurring outside of the active site of the enzyme may act to
stabilize the structure of the protease. Unlike major resistance mutations, these changes do
not seem to impair the RC of the virus in absence of drug selective pressure and could even
confer an increased fitness compared to WT wviruses, thus possibly explaining their
association with a steeper CD4 reduction in our cohort. 7heys et al have previously found a
number of polymorphic mutations, including A71T and L10V, in the PR gene to be
associated with a higher VL, lower CD4 count and higher estimated fitness from a fitness
landscape (15). Although this is intriguing, neither A71T nor L10V were associated with a
higher viral set point in this analysis, as would be expected if they were associated with a
markedly higher replicative capacity. It is also important to note that after correction for

multiple testing we could not rule out that the effects found were due to chance.

Other authors investigating the relationship between resistance and disease progression
before the start of ART have tended to study associations between any TDRM on CD4 counts
at a single point in time, and results have been conflicting (10,15,26-28,34-36). Among those
describing longitudinal CD4 count changes, one of the largest studies was conducted by
Pillay et al. They found evidence that CD4 counts declined faster among patients with
TDRM, but only during the first year of infection (10). Unfortunately, date of infection was

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



not available in our dataset, and it is possible that the use of a dataset where persons could
enter at any stage of infection masked any potential time-dependent effect that TDRM might
have on CD4 decline.

Strengths of our analysis include the large sample size, the comprehensive evaluation of
different types of resistance, individual mutations and clusters of mutations and finally the
longitudinal nature of the data. However, there are also a number of limitations. The main
weakness is the lack of an available date of infection. Secondly, most individuals did not
have repeated resistance tests, meaning that we had to make assumptions regarding how long
mutations persisted for. For simplicity, we assumed that resistance was present throughout
follow-up. However, as median follow-up in this study was just over one year and TDRM
can persist for several years (6), this does not seem to be an unreasonable assumption. We
also selected mutations for testing based on an arbitrary prevalence threshold. Although a
comprehensive GWAS or the estimation of HLA-types or CTL-escape mutations from
genotypic data would also be of interest, such an analysis was not possible utilising our data
source due to the lack of full sequencing data from some contributing cohorts. It should also
be noted that some misclassification of subtype in the dataset is possible. Very few subtype B
strains (3.6%) were classed as belonging to PR cluster 2, and it could be that this cluster is a
marker for subtype. Finally, we were unable to investigate the effect of mutations in the
integrase gene, as no data from this region was available. Future studies investigating the
effect of transmitted integrase mutations would be of great scientific interest, although

current evidence indicates that the prevalence of such mutations is likely to be low.

Conclusion

Bearing these limitations in mind, our results suggests that the detection of TDR or a larger
set of treatment-associated genetic changes in the RT or PR gene of HIV is unlikely to have a
large effect on virulence or disease progression as indicated by the VL set point and CD4
count decline before the start of ART. Although it is re-assuring that our analyses did not find
evidence of faster disease progression or more virulent disease among individuals infected
with resistant HIV, limitations of the data prevent us from ruling out such an impact. Future
studies should combine epidemiological analyses with basic science to provide a better
understanding of the population-level impact of both resistance-associated and polymorphic
changes in the HIV genome and their possible interplay with HIV subtype on disease

progression.

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Contributions

AS conducted the statistical analysis, with input from ACL and GL. GL conceived the study
and coordinated the project. AS and GL wrote the paper. CT, AMV, MZ, HS, AL, AMG, AS,
LR, LM, SG, AG critically assessed the project idea, contributed to the design and
definitions, critically reviewed intermediate and final results and provided comments on the

manuscript.

Acknowledgments

The European Transmitted Drug Resistance collaboration (EU-TDR) includes the following
cohorts/collaborators: Virolab project (Sloot PM, Boucher C, van de Vijer D, Vandamme A,
Libin P, Theys K, De Luca A, Colafigli M, Di Giambenedetto S, Torti C, Quiros-Roldan E,
Lapadula G, Ruiz L, Muller V, O Nualladin B), EuResist (Scientific Board: Bobkova M,
Camacho R, Clotet B, Incardona F, Kaiser R, Karasi JC, Lengauer T, Mugusi F, Sayan M,
Schmit JC, Rosen-Zvi M, Sonnerborg A, Vandamme A, Zazzi M), and the EuroSIDA cohort
(SC: J Gatell, B Gazzard, A Horban, I Karpov, B Ledergerber, M Losso, A d’Arminio
Monforte, C Pedersen, M Ristola, A Phillips, P Reiss, J Lundgren, J Rockstroh, A Mocroft, O
Kirk). A full list of EuroSIDA contributing centers can be found below.

We would like also thank the support and the intellectual contribution of the following
persons: Laura Albini, Bruno Cesana, Giampiero Carosi (University of Brescia), Pieter Libin,
Krystof Theys, Koen Deforche (Rega Institute, Leuven), Matthias Assel (University of
Stuttgart).

EuroSIDA collaborating centers

The multi-centre study group, EuroSIDA (national coordinators in
parenthesis).Argentina: (M Losso), M Kundro, Hospital JM Ramos Mejia, Buenos
Aires. Austria: (B Schmied), Pulmologisches Zentrum der Stadt Wien, Vienna; R Zangerle,
Medical University Innsbruck, Innsbruck. Belarus: (I Karpov), A Vassilenko, Belarus State
Medical University, Minsk, VM Mitsura, Gomel State Medical University, Gomel; D Paduto,
Regional AIDS Centre, Svetlogorsk. Belgium: (N Clumeck), S De Wit, M Delforge, Saint-

Pierre Hospital, Brussels; E Florence, Institute of Tropical Medicine, Antwerp; L

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Vandekerckhove, University Ziekenhuis Gent, Gent. Bosnia-Herzegovina: (V
Hadziosmanovic), Klinicki Centar Univerziteta Sarajevo, Sarajevo. Croatia: (J Begovac),
University Hospital of Infectious Diseases, Zagreb. Czech Republic: (L Machala), D Jilich,
Faculty Hospital Bulovka, Prague; D Sedlacek, Charles University Hospital,
Plzen. Denmark: G Kronborg, T Benfield, Hvidovre Hospital, Copenhagen; J Gerstoft, T
Katzenstein, Rigshospitalet, Copenhagen; NF Moller, C Pedersen, Odense University
Hospital, Odense; L Ostergaard, Skejby Hospital, Aarhus, L Wiese, Roskilde Hospital,
Roskilde; L N Nielsen, Hillerod Hospital, Hillerod. Estonia: (K Zilmer), West-Tallinn
Central Hospital, Tallinn; Jelena Smidt, Nakkusosakond Siseklinik, Kohtla-
Jarve. Finland: (M Ristola), I Aho, Helsinki University Central Hospital, Helsinki. France: (J-
P Viard), Hotel-Dieu, Paris; P-M Girard, Hospital Saint-Antoine, Paris; C Pradier, E Fontas,
Hopital de 1'Archet, Nice; C Duvivier, Hopital Necker-Enfants Malades, Paris.Germany: (J
Rockstroh), Universitdts Klinik Bonn; R Schmidt, Medizinische Hochschule Hannover; O
Degen, University Medical Center Hamburg-Eppendorf, Infectious Diseases Unit, Hamburg;
HJ Stellbrink, IPM Study Center, Hamburg; C Stefan, JW Goethe University Hospital,
Frankfurt; J Bogner, Medizinische Poliklinik, Munich; G. Fitkenheuer, Universitit Koln,
Cologne. Georgia: (N Chkhartishvili) Infectious Diseases, AIDS & Clinical Immunology
Research Center, ThilisiGreece: P Gargalianos, G Xylomenos, P Lourida, Athens General
Hospital; H Sambatakou, Ippokration General Hospital, Athens. Hungary: (J Szlavik), Szent
Laslo Hospital, Budapest. Iceland: (M Gottfredsson), Landspitali University Hospital,
Reykjavik. Ireland: (F Mulcahy), St. James's Hospital, Dublin.Israel: (I Yust), D Turner, M
Burke, Ichilov Hospital, Tel Aviv; E Shahar, G Hassoun, Rambam Medical Center, Haifa; H
Elinav, M Haouzi, Hadassah University Hospital, Jerusalem; D Elbirt, ZM Sthoeger, AIDS
Center (Neve Or), Jerusalem. Italy: (A D’Arminio Monforte), Istituto Di Clinica Malattie

Infettive e Tropicale, Milan; R Esposito, I Mazeu, C Mussini, Universita Modena, Modena; F

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Mazzotta, A Gabbuti, Ospedale S Maria Annunziata, Firenze; V Vullo, M Lichtner,
University di Roma la Sapienza, Rome; M Zaccarelli, A Antinori, R Acinapura, M Plazzi,
Istituto Nazionale Malattie Infettive Lazzaro Spallanzani, Rome; A Lazzarin, A Castagna, N
Gianotti, Ospedale San Raffaele, Milan; M Galli, A Ridolfo, Osp. L. Sacco, Milan.Latvia: (B
Rozentale), Infectology Centre of Latvia, Riga. Lithuania: (V Uzdaviniene) Vilnius
University Hospital Santariskiu Klinikos, Vilnius; R Matulionyte, Center of Infectious
Diseases, Vilnius University Hospital Santariskiu Klinikos, Vilnius. Luxembourg: (T Staub),
R Hemmer, Centre Hospitalier, Luxembourg. Netherlands: (P Reiss), Academisch Medisch
Centrum bij de Universiteit van Amsterdam, Amsterdam.Norway: (V Ormaasen), A
Maeland, J Bruun, Ullevdl Hospital, Oslo.Poland: (B Knysz), J Gasiorowski,
M Inglot, Medical University, Wroclaw; A Horban, E Bakowska, Centrum Diagnostyki i
Terapii AIDS, Warsaw; R Flisiak, A Grzeszczuk, Medical University, Bialystok; M
Parczewski, M Pynka, K Maciejewska, Medical Univesity, Szczecin; M Beniowski, E
Mularska, Osrodek Diagnostyki i Terapii AIDS, Chorzow; T Smiatacz, M Gensing, Medical
University, Gdansk; E Jablonowska, E Malolepsza, K Wojcik, Wojewodzki Szpital
Specjalistyczny, Lodz;I Mozer-Lisewska, Poznan University of Medical Sciences,
Poznan.Portugal: (L Caldeira), Hospital Santa Maria, Lisbon; K Mansinho, Hospital de Egas
Moniz, Lisbon; F Maltez, Hospital Curry Cabral, Lisbon. Romania: (R Radoi), C Oprea,
Spitalul de Boli Infectioase si Tropicale: Dr. Victor Babes, Bucarest. Russia: (A Panteleev),
O Panteleev, St Petersburg AIDS Centre, St Peterburg; A Yakovlev, Medical Academy
Botkin Hospital, St Petersburg; T Trofimora, Novgorod Centre for AIDS, Novgorod, I
Khromova, Centre for HIV/AIDS & and Infectious Diseases, Kaliningrad; E Kuzovatova,
Nizhny Novgorod Scientific and Research Institute of Epidemiology and Microbiology
named after Academician [.N. Blokhina, Nizhny Novogrod; E Borodulina,

E Vdoushkina, Samara State Medical University, Samara.Serbia: (D Jevtovic), The Institute

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



for Infectious and Tropical Diseases, Belgrade. Slovenia: (J Tomazic), University Clinical
Centre Ljubljana, Ljubljana. Spain: (JM Gatell), JM Mir6, Hospital Clinic Universitari de
Barcelona, Barcelona; S Moreno, J. M. Rodriguez, Hospital Ramon y Cajal, Madrid; B
Clotet, A Jou, R Paredes, C Tural, J Puig, I Bravo, Hospital Germans Trias i Pujol, Badalona;
P Domingo, M Gutierrez, G Mateo, MA Sambeat, Hospital Sant Pau, Barcelona; JM Laporte,
Hospital Universitario de Alava, Vitoria-Gasteiz. Sweden: (K Falconer), A Thalme, A
Sonnerborg, Karolinska University Hospital, Stockholm; A Blaxhult, Venhilsan-
Sodersjukhuset, Stockholm; L Flamholc, Malmé University = Hospital, = Malmo.
Switzerland: (A Scherrer), R Weber, University Hospital Zurich; M Cavassini, University
Hospital Lausanne; A Calmy, University Hospital Geneva; H Furrer, University Hospital
Bern; M Battegay, University Hospital Basel; P Schmid, Cantonal Hospital St.
Gallen.Ukraine: A Kuznetsova, Kharkov State Medical University, Kharkov; G Kyselyova,
Crimean Republican AIDS centre, Simferopol; M Sluzhynska, Lviv Regional HIV/AIDS
Prevention and Control CTR, Lviv.United Kingdom: (B Gazzard), St. Stephen's Clinic,
Chelsea and Westminster Hospital, London; AM Johnson, E Simons, S Edwards, Mortimer
Market Centre, London; A Phillips, MA Johnson, A Mocroft, Royal Free and University
College Medical School, London (Royal Free Campus); C Orkin, Royal London Hospital,
London; J Weber, G Scullard, Imperial College School of Medicine at St. Mary's, London; A
Clarke, Royal Sussex County Hospital, Brighton; C Leen, Western General Hospital,
Edinburgh.The following centers have previously contributed data to EuroSIDA:Infectious
Diseases Hospital, Sofia, Bulgaria Hopital de la Croix Rousse, Lyon, France Hopital de la
Pitié-Salpétiere, Paris, France Unité INSERM, Bordeaux, France Bernhard Nocht Institut fiir
Tropenmedizin, Hamburg, Germany 1st [.LK.A Hospital of Athens, Athens, Greece Ospedale
Riuniti, Divisione Malattie Infettive, Bergamo, Italy Ospedale di Bolzano, Divisione Malattie

Infettive, Bolzano, Italy Ospedale Cotugno, III Divisione Malattie Infettive, Napoli, Italy

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Dérer Hospital, Bratislava, Slovakia Hospital Carlos III, Departamento de Enfermedades
Infecciosas, Madrid, Spain Kiev Centre for AIDS, Kiev, Ukraine Luhansk State Medical

University, Luhansk, Ukraine Odessa Region AIDS Center, Odessa, Ukraine

EuroSIDA Steering Committee: Chair: J Rockstroh Study Co-leads: A Mocroft, O Kirk EuroSIDA
Coordinating Centre Staff: O Kirk, L Peters, C Matthews, AH Fischer, A Bojesen, D Raben,
D Kristensen, K Grenborg Laut, JF Larsen, D Podlekareva Statistical Staff: A Mocroft, A

Phillips, A Cozzi-Lepri, L Shepherd, A Schultze)

Funding
This work was supported by the European Commission (FP6 Virolab Project Grant IST-

027446; FP6 EuResist Project Grant IST-027173) and in part by a grant from the Fonds voor
Wetenschappelijk Onderzoek Vlaanderen (FWO G.0692.14N). EuroSIDA was supported by
the European Union’s Seventh Framework Programme for research, technological
development and demonstration under EuroCoord grant agreement n° 260694. Current
support for EuroSIDA includes unrestricted grants by Bristol-Myers Squibb,
Gilead, GlaxoSmithKline LLC, Janssen R&D, Merck and Co. Inc., Pfizer Inc. The
participation of centres from Switzerland was supported by The Swiss National Science
Foundation (Grant 108787). The study is also supported by a grant [grant number DNRF126]

from the Danish National Research Foundation.

Ethics Approval

Ethics approval was granted from local ethics committees for each of the participating clinics.

Competing Interests

None of the authors declare any competing interests.

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



References

1.

10.

11.

12.

Vercauteren J, Wensing AMJ, Vijver DAMC van de, Albert J, Balotta C, Hamouda O,
et al. Transmission of Drug-Resistant HIV-1 Is Stabilizing in Europe. J Infect Dis. 2009
Nov 15;200(10):1503-8.

Tostevin A, White E, Dunn D, Croxford S, Delpech V, Williams I, et al. Recent trends
and patterns in HIV-1 transmitted drug resistance in the United Kingdom. HIV Med.
2016 Jul 1;n/a-n/a.

Hofstra LM, Sauvageot N, Albert J, Alexiev I, Garcia F, Struck D, et al. Transmission
of HIV Drug Resistance and the Predicted Effect on Current First-line Regimens in
Europe. Clin Infect Dis. 2015 Nov 29;civ963.

Wittkop L, Gilinthard HF, de Wolf F, Dunn D, Cozzi-Lepri A, de Luca A, et al. Effect of
transmitted drug resistance on virological and immunological response to initial
combination antiretroviral therapy for HIV (EuroCoord-CHAIN joint project): a
European multicohort study. Lancet Infect Dis. 2011 May;11(5):363—71.

EACS Guidelines [Internet]. [cited 2017 Jan 23]. Available from:
http://www.eacsociety.org/guidelines/eacs-guidelines/eacs-guidelines.html

Pingen M, Wensing AM, Fransen K, De Bel A, de Jong D, Hoepelman Al et al.
Persistence of frequently transmitted drug-resistant HIV-1 variants can be explained by
high viral replication capacity. Retrovirology. 2014;11:105.

Delaugerre C, Morand-Joubert L, Chaix M-L, Picard O, Marcelin A-G, Schneider V, et
al. Persistence of multidrug-resistant HIV-1 without antiretroviral treatment 2 years
after sexual transmission. Antivir Ther. 2004 Jun;9(3):415-21.

Barbour JD, Hecht FM, Wrin T, Liegler TJ, Ramstead CA, Busch MP, et al. Persistence
of primary drug resistance among recently HIV-1 infected adults. AIDS Lond Engl.
2004 Aug 20;18(12):1683-9.

Pingen M, Nijhuis M, Bruijn JA de, Boucher CAB, Wensing AMJ. Evolutionary
pathways of transmitted drug-resistant HIV-1. J Antimicrob Chemother. 2011 Jul
1;66(7):1467-80.

Pillay D, Bhaskaran K, Jurriaans S, Prins M, Masquelier B, Dabis F, et al. The impact of
transmitted drug resistance on the natural history of HIV infection and response to first-
line therapy. AIDS Lond Engl. 2006 Jan 2;20(1):21-8.

Grant RM HF. TIme trends in primary hiv-1 drug resistance among recently infected
persons. JAMA. 2002 Jul 10;288(2):181-8.

Yang W-L, Kouyos RD, Boni J, Yerly S, Klimkait T, Aubert V, et al. Persistence of
Transmitted HIV-1 Drug Resistance Mutations Associated with Fitness Costs and Viral
Genetic Backgrounds. PLoS Pathog. 2015 Mar 23;11(3):e1004722.

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



13. The INSIGHT START Study Group TISS. Initiation of Antiretroviral Therapy in Early
Asymptomatic HIV Infection. N Engl J Med. 2015 Aug 27;373(9):795-807.

14. World Health Organization. Guidelines on when to start HI'V treatment and on Pre-
Exposure Prophylaxis [Internet]. 2015 [cited 2015 Jun 25]. Available from:
http://www.euro.who.int/en/health-topics/communicable-
diseases/tuberculosis/publications

15. Theys K, Deforche K, Vercauteren J, Libin P, van de Vijver DA, Albert J, et al.
Treatment-associated polymorphisms in protease are significantly associated with
higher viral load and lower CD4 count in newly diagnosed drug-naive HIV-1 infected
patients. Retrovirology. 2012;9.

16. Dorrucci M, Phillips A. Has Human Immunodeficiency Virus Become More Virulent?
Clin Infect Dis. 2009 May 1;48(9):1293-5.

17. Boily MC, Masse B. Mathematical models of disease transmission: a precious tool for
the study of sexually transmitted diseases. Can J Public Health Rev Can Santé Publique.
1997 Aug;88(4):255-65.

18. Gupta RK, Jordan MR, Sultan BJ, Hill A, Davis DH, Gregson J, et al. Global trends in
antiretroviral resistance in treatment-naive individuals with HIV after rollout of

antiretroviral treatment in resource-limited settings: a global collaborative study and
meta-regression analysis. The Lancet. 2012 Oct 6;380(9849):1250-8.

19. Hamers RL, Sigaloff KCE, Kityo C, Mugyenyi P, de Wit TFR. Emerging HIV-1 drug
resistance after roll-out of antiretroviral therapy in sub-Saharan Africa. Curr Opin HIV
AIDS. 2013 Jan;8(1):19-26.

20. Bennett DE, Camacho RJ, Otelea D, Kuritzkes DR, Fleury H, Kiuchi M, et al. Drug
resistance mutations for surveillance of transmitted HIV-1 drug-resistance: 2009 update.
PloS One. 2009;4(3):e4724.

21. Sabin CA, Devereux H, Phillips AN, Hill A, Janossy G, Lee CA, et al. Course of viral
load throughout HIV-1 infection. J Acquir Immune Defic Syndr 1999. 2000 Feb
1;23(2):172-7.

22. Chin BS, Choi J, Nam J-G, Kee MK, Suh SD, Choi JY, et al. Inverse Relationship
between Viral Load and Genotypic Resistance Mutations in Korean Patients with
Primary HIV Type 1 Infections. AIDS Res Hum Retroviruses. 2006 Nov
1;22(11):1142-7.

23. Manosuthi W, Butler DM, Pérez-Santiago J, Poon AFY, Pillai SK, Mehta SR, et al.
Protease polymorphisms in HIV-1 subtype CRF01_ AE represent selection by

antiretroviral therapy and host immune pressure. AIDS Lond Engl. 2010 Jan
28;24(3):411-6.

24. Holguin A, Sufie C, Hamy F, Soriano V, Klimkait T. Natural polymorphisms in the

protease gene modulate the replicative capacity of non-B HIV-1 variants in the absence
of drug pressure. J Clin Virol Off Publ Pan Am Soc Clin Virol. 2006 Aug;36(4):264-71.

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



25. Harrison L, Castro H, Cane P, Pillay D, Booth C, Phillips A, et al. The effect of
transmitted HIV-1 drug resistance on pre-therapy viral load. AIDS Lond Engl. 2010 Jul
31;24(12):1917-22.

26. Youmans E, Tripathi A, Albrecht H, Gibson JJ, Duffus WA. Transmitted antiretroviral
drug resistance in individuals with newly diagnosed HIV infection: South Carolina
2005-2009. South Med J. 2011 Feb;104(2).

27. Huaman MA, Aguilar J, Baxa D, Golembieski A, Brar I, Markowitz N. Late
presentation and transmitted drug resistance mutations in new HIV-1 diagnoses in
Detroit. Int J Infect Dis IJID Off Publ Int Soc Infect Dis. 2011 Nov;15(11):e764-768.

28. Peuchant O, Thiebaut R, Capdepont S, Lavignolle-Aurillac V, Neau D, Morlat P, et al.
Transmission of HIV-1 minority-resistant variants and response to first-line
antiretroviral therapy. AIDS Lond Engl. 2008 Jul 31;22(12):1417-23.

29. Jain V, Sucupira MC, Bacchetti P, Hartogensis W, Diaz RS, Kallas EG, et al.
Differential Persistence of Transmitted HIV-1 Drug Resistance Mutation Classes. J
Infect Dis. 2011 Apr 15;203(8):1174-81.

30. Markowitz M, Mo H, Kempf DJ, Norbeck DW, Bhat TN, Erickson JW, et al. Selection
and analysis of human immunodeficiency virus type 1 variants with increased resistance
to ABT-538, a novel protease inhibitor. J Virol. 1995 Feb 1;69(2):701-6.

31. Nijhuis M, Schuurman R, de Jong D, Erickson J, Gustchina E, Albert J, et al. Increased
fitness of drug resistant HIV-1 protease as a result of acquisition of compensatory
mutations during suboptimal therapy. AIDS Lond Engl. 1999 Dec 3;13(17):2349-59.

32. Rose RE, Gong YF, Greytok JA, Bechtold CM, Terry BJ, Robinson BS, et al. Human
immunodeficiency virus type 1 viral background plays a major role in development of
resistance to protease inhibitors. Proc Natl Acad Sci U S A. 1996 Feb 20;93(4):1648—
53.

33. Devereux HL, Emery VC, Johnson MA, Loveday C. Replicative fitness in vivo of HIV-
1 variants with multiple drug resistance-associated mutations. J Med Virol. 2001
Oct;65(2):218-24.

34. Payne BAI, Nsutebu EF, Hunter ER, Olarinde O, Collini P, Dunbar JAT, et al. Low
prevalence of transmitted antiretroviral drug resistance in a large UK HIV-1 cohort. J
Antimicrob Chemother. 2008 Sep;62(3):464-8.

35. Karlsson A, Bjorkman P, Bratt G, Ekvall H, Gisslen M, Sonnerborg A, et al. Low
prevalence of transmitted drug resistance in patients newly diagnosed with. PloS One.
2012;7(3).

36. Poggensee G, Kucherer C, Werning J, Somogyi S, Bieniek B, Dupke S, et al. Impact of

transmission of drug-resistant HIV on the course of infection and the treatment success.
Data from the German HIV-1 Seroconverter Study. HIV Med. 2007 Nov;8(8):511-9.

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Figure 1. The effect of any and class of SDRM (a) and DRM (b) on estimated VL set point
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Figure 2. Adjusted difference in the VL set point according to the presence
mutations adjusted for pre-specified confounders (a) and CD4 counts (b)
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Figure 3. The effect of clusters of mutations on CD4 decline (a) and the estimated VL set
point (b)
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Figure 4. The effect of any and class of SDRM (a) and DRM (b) on CD4 decline
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Figure5. Adjusted differences in CD4 decline according to the presence of specific mutations
adjusted for pre-specified confounders (a) and VL (b)
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