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Background
We evaluated the incidence of, and factors associated 
with, virological failure (VF) after combination 
antiretroviral therapy (cART) initiation in adults in the 
Netherlands, since the introduction of cART in 1996.

Methods
We assessed the incidence of VF (i.e. the first of two 
consecutive viral load measurements ≥200 copies/ml 
after >6 months of cART) among HIV-1 positive, ART-
naïve, non-pregnant adults in the ATHENA-cohort 
between 1996-2016. 

Time was censored at the date of last contact with 
HIV-care, or at the last date of cART when cART was 
interrupted for >2 weeks. 
We assessed the incidence of VF since cART initiation, 
and assessed socio-demographic and clinical factors 
associated with time-to-VF specifically for cART 
initiation between 2011-2016 using Cox regression.

Results
During 1996-2016, 1,807 (10.6%) out of 
17,044 adults experienced VF after a median 
of 1.4 [IQR 0.7-3.4] years since cART 
initiation. 
The likelihood of VF decreased substantially 
by year of cART initiation: unadjusted hazard 
ratio (uHR) 12.6 (95%CI 10.4-15.2) in 1996-
1999, 5.2 (4.3-6.3) in 2000-2005, and 2.6 
(2.1-3.2) in 2006-2010, respectively 
compared to 2011-2016 (Figure 1). 

During 2011-2016, 133 (2.1%) out of 6,228 
people who initiated cART experienced VF 
after a median of 1.6 (IQR 0.7-2.0) years. 
Before VF, 106 out of 133 people had ≥1 VL 
measurement available, of whom 66 had an 
undetectable VL. HIV-transmission risk group 
and region of origin were independently 
associated with VF: adjusted hazard ratio 
(aHR) 1.7 (95%CI 1.0-2.7) for men with 
heterosexual acquired HIV-1 compared to 
men who have sex with men (MSM), and 
aHR 2.3 (1.3-4.1) for people originating from 
sub-Saharan Africa compared to Western 
Europe/North America/Australia (Figure 2). 
Additionally, a higher VL (aHR 1.5 [95%CI 
1.2-2.0] per log10 cps/ml) and lower CD4-cell 
count (aHR 2.3 [1.0-5.1] for <50 cells/mm3, 
and aHR 2.1 [1.0-4.5] for 50-199 cells/mm3, 
compared to >500 cells/mm3) 
at cART initiation were independently 
associated with VF. 

Conclusions
VF after cART initiation has decreased 
substantially over the last two decades 
in the Netherlands. 

While the risk of VF continues to decline, 
additional support for non-MSM, late-
presenters, and those originating from 
sub-Saharan Africa is warranted to 
further optimize cART outcomes. 
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ATHENA is a nationwide observational 
HIV cohort study, which monitors all 
HIV-positive adults and children who 
do not opt-out of data collection from 
the moment of entry into HIV care in 

the Netherlands. 

Extensive clinical and laboratory 
information relevant to HIV infection and 

treatment, co-infections, and comorbidities 
recorded during clinical follow-up is 

extracted from the medical record, at time 
of enrolment into the cohort and regularly 

thereafter. Specific data collection protocols 
exist for pregnant women and children, and 

hepatitis B and C virus co-infection. 

As of May 2017, 26,409 HIV-positive 
people had ever been registered in the 

ATHENA national HIV cohort.

Figure 1. Kaplan-Meier estimates of virological failure according to 
calendar period of starting cART, from 1996-2016. Log-rank p<0.001.
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Figure 2. Kaplan-Meier estimates of viral rebound according to region of origin (A) 
HIV-transmission risk group (B), among previously ART-naive individuals receiving cART, 
since 2011. Both log-rank p<0.001.
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M. van der Valk. HIV nurse consultants: W. Brokking, M. Groot, L.J.M.
Elsenburg. HIV clinical virologists/chemists: M. Damen, I.S. Kwa. ETZ
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Erasmus MC, Rotterdam: HIV treating physicians: M.E. van der Ende*,
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A. Verbon, T.E.M.S. de Vries-Sluijs, N.C. de Jong-Peltenburg. HIV nurse
consultants: N. Bassant, J.E.A. van Beek, M. Vriesde, L.M. van
Zonneveld. Data collection: H.J. van den Berg-Cameron, J. de Groot, M.
de Zeeuw-de Man. HIV clinical virologists/chemists: C.A.B. Boucher,
M.P.G Koopmans, J.J.A van Kampen, S.D. Pas. Flevoziekenhuis,
Almere: HIV treating physicians: J. Branger*, R.A. Douma. HIV nurse
consultant: C.J.H.M. Duijf-van de Ven. HagaZiekenhuis, Den Haag:
HIV treating physicians: E.F. Schippers*, C. van Nieuwkoop. HIV nurse
consultants: J.M. van IJperen, J. Geilings. Data collection: G. van der
Hut. HIV clinical virologist/chemist: N.D. van Burgel. HMC (Haaglanden
Medisch Centrum), Den Haag: HIV treating physicians: E.M.S.
Leyten*, L.B.S. Gelinck. HIV nurse consultants: S. Davids-Veldhuis, A.Y.
van Hartingsveld, C. Meerkerk, G.S. Wildenbeest. HIV clinical
virologists/chemists: E. Heikens. Isala, Zwolle: HIV treating physicians:
P.H.P. Groeneveld*, J.W. Bouwhuis, A.J.J. Lammers. HIV nurse
consultants: S. Kraan, A.G.W. van Hulzen, M.S.M. Kruiper. Data
collection: G.L. van der Bliek, P.C.J. Bor. HIV clinical virologists/chemists:
P. Bloembergen, M.J.H.M. Wolfhagen, G.J.H.M. Ruijs. Leids Universitair
Medisch Centrum, Leiden: HIV treating physicians: F.P. Kroon*, M.G.J.
de Boer, H. Scheper, H. Jolink. HIV nurse consultants: W. Dorama, N.
van Holten. HIV clinical virologists/chemists: E.C.J. Claas, E. Wessels.
Maasstad Ziekenhuis, Rotterdam: HIV treating physicians: J.G. den
Hollander*, K. Pogany, A. Roukens. HIV nurse consultants: M. Kastelijns,
J.V. Smit, E. Smit, D. Struik-Kalkman, C. Tearno. Data collection: T. van
Niekerk. HIV clinical virologists/chemists: O. Pontesilli. Maastricht
UMC+, Maastricht: HIV treating physicians: S.H. Lowe*, A.M.L. Oude
Lashof, D. Posthouwer. HIV nurse consultants: R.P. Ackens, K. Burgers,
J. Schippers. Data collection: B. Weijenberg-Maes. HIV clinical
virologists/chemists: I.H.M. van Loo, T.R.A. Havenith. MC Slotervaart,
Amsterdam: HIV treating physicians: J.W. Mulder*, S.M.E. Vrouenraets,
F.N. Lauw. HIV nurse consultants: M.C. van Broekhuizen, D.J. Vlasblom.
HIV clinical virologists/chemists: P.H.M. Smits. MC Zuiderzee, Lelystad:
HIV treating physicians: S. Weijer*, R. El Moussaoui. HIV nurse
consultant: A.S. Bosma. Medisch Centrum Leeuwarden,
Leeuwarden: HIV treating physicians: M.G.A.van Vonderen*, L.M.
Kampschreur. HIV nurse consultants: K. Dijkstra, S. Faber. HIV clinical
virologists/chemists: J Weel. Medisch Spectrum Twente, Enschede:
HIV treating physicians: G.J. Kootstra*, C.E. Delsing. HIV nurse
consultants: M. van der Burg-van de Plas, H. Heins. Noordwest
Ziekenhuisgroep, Alkmaar: HIV treating physicians: W. Kortmann*, G.
van Twillert*, R. Renckens. HIV nurse consultant and data collection: D.
Ruiter-Pronk, F.A. van Truijen-Oud. HIV clinical virologists/chemists:
J.W.T. Cohen Stuart, E.P. IJzerman, R. Jansen, W. Rozemeijer W. A. van
der Reijden. OLVG, Amsterdam: HIV treating physicians: K. Brinkman*,
G.E.L. van den Berk, W.L. Blok, P.H.J. Frissen, K.D. Lettinga W.E.M.
Schouten, J. Veenstra. HIV nurse consultants: C.J. Brouwer, G.F.
Geerders, K. Hoeksema, M.J. Kleene, I.B. van der Meché, M. Spelbrink,
A.J.M. Toonen, S. Wijnands. HIV clinical virologists: D. Kwa. Data
collection: R. Regez (coordinator). Radboudumc, Nijmegen: HIV
treating physicians: R. van Crevel*, M. Keuter, A.J.A.M. van der Ven,
H.J.M. ter Hofstede, A.S.M. Dofferhoff, J. Hoogerwerf. HIV nurse
consultants: K.J.T. Grintjes-Huisman, M. de Haan, M. Marneef. HIV
clinical virologists/chemists: J. Rahamat-Langendoen, F.F. Stelma. HIV
clinical pharmacology consultant: D. Burger. Rijnstate, Arnhem: HIV
treating physicians: E.H. Gisolf*, R.J. Hassing, M. Claassen. HIV nurse
consultants: G. ter Beest, P.H.M. van Bentum, N. Langebeek. HIV clinical
virologists/chemists: R. Tiemessen, C.M.A. Swanink. Spaarne Gasthuis,
Haarlem: HIV treating physicians: S.F.L. van Lelyveld*, R. Soetekouw.
HIV nurse consultants: L.M.M. van der Prijt, J. van der Swaluw. Data
collection: N. Bermon. HIV clinical virologists/chemists: W.A. van der
Reijden, R. Jansen, B.L. Herpers, D.Veenendaal. Medisch Centrum Jan
van Goyen, Amsterdam: HIV treating physicians: D.W.M. Verhagen.
HIV nurse consultants: M. van Wijk. Universitair Medisch Centrum
Groningen, Groningen: HIV treating physicians: W.F.W. Bierman*, M.
Bakker, J. Kleinnijenhuis, E. Kloeze, Y. Stienstra, K.R. Wilting, M.
Wouthuyzen-Bakker. HIV nurse consultants: A. Boonstra, P.A. van der
Meulen, D.A. de Weerd. HIV clinical virologists/chemists: H.G.M. Niesters,
C.C. van Leer-Buter, M. Knoester. Universitair Medisch Centrum
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Arends, R.E. Barth, A.H.W. Bruns, P.M. Ellerbroek, T. Mudrikova, J.J.
Oosterheert, E.M. Schadd, M.W.M. Wassenberg, M.A.D. van Zoelen. HIV
nurse consultants: K. Aarsman, D.H.M. van Elst-Laurijssen, I. de Kroon,
C.S.A.M. van Rooijen. Data collection: M. van Berkel, C.S.A.M. van
Rooijen. HIV clinical virologists/chemists: R. Schuurman, F. Verduyn-
Lunel, A.M.J. Wensing. VUmc, Amsterdam: HIV treating physicians:
E.J.G. Peters*, M.A. van Agtmael, M. Bomers. HIV nurse consultants: M.
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Houdt, A.M. Pettersson, C.M.J.E. Vandenbroucke-Grauls.
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