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Objectives

HIV-infected persons experience different patterns of viral suppression after initiating combination
antiretroviral therapy (cART). The relationship between such differences and risk of virological
failure after starting a new antiretroviral could help with patient monitoring strategies.

Methods

A total of 1827 patients on cART starting at least one new antiretroviral from 1 January 2000 while
maintaining a suppressed viral load were included in the analysis. Poisson regression analysis
identified factors predictive of virological failure after baseline in addition to traditional
demographic variables. Baseline was defined as the date of starting new antiretrovirals.

Results

Four hundred and fifty-one patients (24.7%) experienced virological failure, with an incidence rate (IR) of
7.3 per 100 person-years of follow-up (PYFU) [95% confidence interval (CI) 6.7-8.0]. After adjustment,
patients who had rebounded in the year prior to baseline had a 2.4-times higher rate of virological failure
after baseline (95% CI 1.77-3.26; P<.0001), while there was no increased incidence in patients whose last
viral rebound was > 3 years prior to baseline [Incidence rate ratio (IRR) 1.06; 95% CI 0.75-1.50; P = 0.73]
compared with patients who had never virally rebounded. Patients had an 86% (95% CI 1.36-2.55;
P<.0001), 53% (95% CI 1.06-2.04; P = 0.02) and 5% (95% CI 0.80-1.38; P = 0.72) higher virological
failure rate after baseline if they were virally suppressed < 500%, 50-70% and 70-90% of the time they
were on cART prior to baseline, respectively, compared with those virally suppressed >90% of the time.

Discussion

Intensive monitoring after a treatment switch is required in patients who have rebounded recently or
have a low percentage of time suppressed while on cART. Consideration should be given to
increasing the provision of adherence counselling.
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months after starting cART [5] and many others go on to
experience viral rebound at some time thereafter [6]. With
increasing numbers of episodes of viral failure, the goal of
viral suppression becomes harder to achieve [7].

Patients experience different immunological and virolo-
gical responses after initiating cART [5,8,9]. In clinical
practice, earlier studies found that around 70-80% of
patients starting cART achieve an undetectable viral load
[10]. This proportion has increased in recent years [11-13];
however, viral replication is still not fully controlled in all
patients at all times. Previous analyses have found that a
patient is most likely to fail in the first few months after
initial viral suppression [14], that increasing time with viral
suppression decreases the risk of rebound [15,16], and that
treatment interruptions with detectable viral load [17]
increase the risk of rebound, as does pre-cART exposure to
nucleoside reverse transcriptase inhibitor (NRTI) regimens
[15,18]. Additionally, low CD4 cell counts, high viral load,
a slow virological response to cART and prior AIDS diagnosis
were linked to lack of durable viral load undetectability
[19,20].

Patients who are more adherent to treatment are more
likely to achieve sustained viral suppression [21,22] and are
less likely to show signs of disease progression [21,23-25].
Poor adherence has been linked to an increased risk of the
development of resistance [26]. However, certain regimens
may be more susceptible to development of resistance than
others at differing levels of adherence [27]. The choice of a
new regimen can therefore impact on a patient’s risk of
future virological failure if patients have some resistance to
the regimen chosen, which may lead to a higher risk of
virological failure.

As patients are living longer and are exposed for
extended periods of time to more antiretrovirals (ARVs),
they may experience different periods and patterns of
suppression. The aim of this study was therefore to
investigate whether a patient’s viral suppression history
while on cART, such as prior number of viral rebounds or
the size of the viral rebound while on cART, was a predictor
of future virological failure after a change in regimen in
addition to traditional predictors.

Patients

EuroSIDA is a large prospective study with more than 100
centres across Europe (and also in Israel and Argentina).
Details of the study have been published previously [28]. At
each follow-up visit, all CD4 cell counts and HIV RNA
measurements since last follow-up are recorded, as well as
the date of starting or stopping any ARV drug, the use of
any prophylaxis against opportunistic infections, the date
of development and type of any AIDS-defining illnesses,

non-AIDS-defining illness and opportunistic infections,
and death. Data are collected from the centres through
follow-up forms at 6-monthly intervals and the database is
updated accordingly. The follow-up forms contain infor-
mation on all data accrued on individual patients seen as
required at the clinical centre in the previous 6 months.
This analysis includes follow-up data to a median date of
November 2008.

All patients in EuroSIDA who were on cART and started
any new ARVs, regardless of the reason for change
(excluding recycling ARVs or a change in formulation),
on or after 1 January 2000 with some prospective follow-
up were included in the analysis, providing that they had
been on cART for >6 months prior to starting the new
ARVs. Baseline was defined as the date on which new ARVs
were first started on or after 1 January 2000. cART was
defined as a treatment regimen of at least two NRTIs and a
nonnucleoside reverse transcriptase inhibitor (NNRTI),
a protease inhibitor (PI) or a PI boosted with ritonavir.
All patients were required to have a suppressed viral
load, defined as a viral load < 500 copies/mL, at baseline.
Patients were excluded if there was no viral load meas-
urement in the 6 months after baseline.

Virological failure was defined as a viral load >500
copies/mL measured at least 4 months after baseline.
Patient follow-up was measured from baseline to date of
virological failure or date of last viral load measurement.
Poisson regression analysis was used to identify viral load
response prior to baseline associated with virological
failure after starting new ARVs. Potential explanatory
variables included age, gender, year of starting cART, ARV
exposure status at cART initiation (ARV-naive or ARV-
experienced), risk group, ethnicity, region of Europe,
baseline CD4 cell count, CD4 nadir, peak viral load,
previous AIDS diagnosis, time on cART, current treatment
regimen, number of previous treatment regimens, time
spent on cART prior to baseline, number of ARVs to which
the patient was previously exposed and the reason reported
for starting the new ARV.

In addition to the traditional explanatory variables
investigated above, variables that summarized the history
of viral suppression after cART initiation prior to baseline
were investigated. The variables used to summarize the
history of viral suppression after cART initiation were as
follows.

—

. Months to initial suppression (HIV RNA < 500 copies/
mL) after starting cART.
2. Number of viral rebounds after initial suppression.
3. Size of the highest viral rebound (none, 500-1000,
1000-10000 and > 10 000 copies/mL).
4. Time since most recent viral rebound.
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5. Proportion of time spent with a viral load < 500 copies/
mL while receiving cART.

Viral suppression was defined as a measurement of HIV RNA
< 500 copies/mL. Viral rebound was defined as a viral load
> 500 copies/mL measured after a period of suppression
prior to the regimen change. For variable 5, any period of
time when the patient was off cART and the first 4 months
after starting a new cART regimen were excluded. Thus, only
periods during which the patient was on cART and should
have been virally suppressed were included.

Any variable that was significant at the 10% level in the
univariate model was then included in a multivariate model.

The sensitivity analysis considered confirmed virological
failure after baseline (i.e. two consecutive viral load
measurements above 500 copies/mL) and, in the subgroup
of patients who had viral load measured using an assay
with a lower limit of detection of 50 copies/mL, virological
failure after baseline defined as a viral load above
50 copies/mL. Analyses were also repeated taking account
of HIV drug resistance at baseline in the subset of patients
with resistance data, using genotypic sensitivity scores
(GSS) calculated using the REGA algorithm, version 7.1 [29].

Results

A total of 1827 patients (67%) were included in the
analysis. Table 1 describes the characteristics of the
patients included in the analysis. Eight hundred and
seventy-eight patients (48%) were treatment naive at cART
initiation. Median CD4 count at baseline was 500 cells/pL
[interquartile range (IQR) 350-690 cells/uL]. Patients had
been on cART for a median of 4.4 years prior to baseline.
The majority of patients (1029; 56.3%) were on an NNRTI-
based cART regimen after starting new ARVs at baseline.
The main reason reported for starting new ARVs was
toxicity or patient/physician choice. Nine hundred and
thirty-two patients (51%) only started one new ARV and
349 (19%) started a completely new cART regimen (at least
three ARVs).

Patients had a median viral load of 4.54 log,, copies/mL
when they started cART. The median time to first viral
suppression after cART initiation was 3.0 months (IQR 1.3-
7.4 months). Five hundred and eighty-nine patients (68%)
experienced at least one viral rebound prior to baseline
after cART initiation. Of those patients who had rebounded
prior to baseline, 206 (35%) had experienced a viral
rebound to > 10000 copies/mL and 137 patients (23.2%)
had experienced a viral rebound in the year prior to
baseline. Overall, patients had spent a median of 98% (IQR
86-100%) of the time on cART virally suppressed (viral
load <500 copies/mL) after cART initiation.
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Table 1 Baseline characteristics

Total [n (%)] 1827 (67.1)
Gender [n (%)]

Male 1394 (68.6)
Race [n (00)]

White 246 (13.5)
Exposure group [n (%)]

Homosexual 841 (46.0)

IDU 315 (17.2)

Heterosexual 550 (30.1)

Other 121 (6.6)
Region of Europe [n (%)]

South 433 (23.7)

Central 438 (24.0)

North 739 (40.5)

East 217 (11.9)
Hepatitis B status [n (%)]

HBV-negative 1505 (82.4)

HBV-positive 123 (6.7)

Unknown 199 (10.9)
Hepatitis C status [n (%)]

HCV-negative 1197 (65.5)

HCV-positive 373 (20.4)

Unknown 257 (14.1)
Naive [n (%)]

Yes 878 (48.1)
Previous AIDS [n (%)]

Yes 517 (28.3)
Number of new antiretrovirals started [n (%)]

1 932 (51.0)

2 546 (29.9)

3 295 (16.1)

4 54 (3.0)
Reason for treatment change [n (%)]

Addition 374 (20.5)

TF 61 (3.3)

TOXPC 959 (52.5)

Other/unknown 433 (23.7)
Age (years) [median (IQR)] 42 (37-50)

CD4 count (cells/uL) [median (IQR)]

CART CD4 count (cells/uL) [median (IQR)]

CART viral load (logq copies/mL) [median (IQR)]

CD4 count nadir (cells/uL) [median (IQR)]

Peak viral load (logqo copies/mL) [median (IQR)]
Number of ARVs taken prior to baseline [median (IQR)]
Time since started cART (years) [median (IQR)]
Baseline date (month/year) [median (IQR)]

500 (350-690)
220 (102-335)
4.54 (3.60-5.20)
142 (54-238)
4.94 (4.34-5.42)
5 (4-7)
4.4 (2.5-6.2)
12/03 (04/02-10/05)

Baseline was defined as date of starting one or more new antiretrovirals
(ARVs) after 1 January 2000 with a viral load < 500 copies/mL. Regions of
Europe: South: Spain, Portugal, Italy and Greece, plus Israel and Argentina;
Central: France, Belgium, south Germany, Luxembourg, Switzerland and
Austria; North: UK, Ireland, the Netherlands, north Germany, Denmark,
Sweden, Norway and Finland; East: Poland, Czech Republic, Slovakia,
Hungary, Romania, Bulgaria, Croatia, Serbia, Estonia, Latvia, Lithuania,
Belarus, Ukraine and Russia.

cART, combination antiretroviral therapy; IDU, injecting drug use; IQR,
interquartile range; HBV, hepatitis B virus; HCV, hepatitis C virus; TF,
reported treatment failure (virological, immunological or clinical); TOXPC,
toxicity or patient/physician choice.

Incidence of virological failure after starting a new
ARV(s)

After starting a new ARV(s), 451 patients (24.7%)
experienced virological failure, with an incidence rate
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Fig. 1 Rate of virological failure after baseline by the number of
rebounds experienced after combination antiretroviral therapy
(cART) initiation and prior to baseline. PYFU, person-years of
follow-up.

(IR) of 7.3 per 100 person-years of follow-up (PYFU) [95%
confidence interval (CI) 6.7-8.0].

Patients who took longer to achieve initial viral
suppression after cART initiation had an increased rate of
virological failure after baseline (IRR 1.04 per 6 months
longer to achieve suppression; 95% CI 0.99-1.09); how-
ever, this difference was not statistically significant
(P=0.14). Figure 1 shows the rate of virological failure
after baseline by the number of viral rebounds the patient
had experienced prior to baseline. There was a 41%
increased rate of virological failure after baseline for each
viral rebound experienced prior to baseline (IRR 1.41; 95%
CI 1.31-1.51). Patients who had a low viral rebound prior to
baseline (501-1000 copies/mL) had a 30% lower rate of
virological failure after baseline (IRR 0.70; 95% CI 0.49-
1.01; P = 0.06) and those who had a medium viral rebound
(1001-10 000 copies/mL) had an 18% lower rate (IRR 0.82;
95% CI 0.60-1.10; P=0.19) compared with patients who
had experienced a high viral rebound (> 10 000 copies/mL)
prior to baseline (Fig. 2). There was a higher rate of
virological failure in patients who had virally rebounded
more recently before baseline (Fig. 3). For example,
patients who had virally rebounded in the year prior to
baseline had a 3.4-times higher rate of virological failure
compared with patients who had never virally rebounded
(IRR 3.37; 95% CI 2.59-4.39; P<.0001), whereas there was
no significant difference in the rate of virological failure
between patients whose last viral rebound was more than 3
years prior and those who had never rebounded (IRR 1.10;
959% CI 0.81-1.49; P = 0.54). There was an increased risk of
virological failure with decreasing percentage of time a
patient had spent with a suppressed viral load while on
CART prior to baseline (Fig. 4). Patients who were virally
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Fig. 2 Rate of virological failure after baseline by the size of the
highest rebound experienced after combination antiretroviral
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follow-up.
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Fig. 3 Rate of virological failure after baseline by time since last
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suppressed for <50% of the time they were on cART had
almost a 3-times higher rate of virological failure compared
with patients who were virally suppressed for >90% of the
time they were on cART (IRR 2.91; 95% CI 2.23-3.81;
P<.0001).

Factors predictive of virological failure after starting a
new ARV(s)

In addition to the variables describing the patients’ history
of wviral suppression prior to baseline, demographic
variables found in univariate analysis to be associated
with rate of virological failure after baseline were gender,
age, HIV exposure group, region of Europe, hepatitis C
status, ARV exposure status (naive or experienced) at cART
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follow-up.

initiation, whether AIDS had been diagnosed previously,
CD4 nadir, time on cART prior to baseline, number of ARVs
to which the patient was exposed prior to baseline, date of
baseline, treatment regimen at baseline, the reason for the
switch in treatment at baseline and the number of new
drugs started.

After adjustment (Table 2), there was no significant
difference in the rate of virological failure between patients
whose last viral rebound was more than 3 years prior to
baseline and patients who had never rebounded (IRR 1.06;
95% CI 0.75-1.50; P=0.73), whereas patients who had
virally rebounded in the year prior to baseline had a 2.4-
times higher rate of virological failure after baseline than
patients who had never rebounded (IRR 2.40; 95% CI 1.77-
3.26; P<0.0001). The lower the percentage of time a
patient had spent virally suppressed prior to baseline, the
higher the rate of virological failure; patients who had
spent <50% of the time they were on cART prior to
baseline with a suppressed viral load had an 86% (IRR 1.86,
95% CI 1.36-2.55; P<.0001) higher rate of virological
failure after baseline compared with patients who were
suppressed >90% of the time they were on cART. Older
patients had a lower rate of virological failure (IRR 0.84 per
10 years older; 95% CI 0.75-0.94; P = 0.0003). Patients
with a higher CD4 nadir had an increased rate of
virological failure (IRR 1.13 per two-fold increase; 95%
CI 1.03-1.22; P=0.0009). In addition, the more ARVs a
patient had been exposed to prior to baseline, the higher
the rate of virological failure (IRR 1.06 per drug; 95% CI
1.01-1.12; P=0.03). Patients on a boosted PI-containing
cART regimen had a 24% lower rate of virological failure
(IRR 0.76; 95% CI 0.57-1.01; P = 0.06) and patients on an
NNRTI regimen had a 31% lower rate of virological failure
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(IRR 0.69; 95% CI 0.53-0.90; P = 0.007) compared with
patients on a nonboosted PI regimen.

Sensitivity analysis

The analyses were repeated with virological failure defined
as two consecutive viral load measurements > 500 copies/
mL. Two hundred and seventy-eight patients (15%)
experienced confirmed virological failure after baseline,
with an IR of 4.2 per 100 PYFU (95% CI 3.7-4.7). After
adjustment, patients who were virally suppressed < 50% of
the time they were on cART had a 2.4-times higher rate of
virological failure (95% CI 1.58-3.53; P>0.0001) com-
pared with those who were virally suppressed >90% of the
time, and those who had virally rebounded in the year prior
to baseline had a 3.1-times higher rate of virological failure
compared with patients who had never virally rebounded
(95% CI 1.84-5.25; P<.0001). The analyses were also
repeated using a lower limit of detection for viral load of
50 copies/mL; 901 patients were included in the analysis
and 41% experienced virological failure (defined as a viral
load > 50 copies/mL), with an IR of 14.3 per 100 PYFU
(95% CI 12.8-15.8). Those who had virally rebounded in
the year prior to baseline had an 84% higher rate of
virological failure compared with patients who had never
virally rebounded (95% CI 1.33-2.57; P=0.0003) and
patients who were virally suppressed <50% of the time
they were on cART had a 13% higher rate of virological
failure (95% CI 0.79-1.64; P = 0.50) compared with those
who were virally suppressed >90% of the time, although
this was not statistically significant after adjustment. Five
hundred and forty-four patients (29%) had some resistance
data available at baseline. Four hundred and five patients
(75%) had a GSS >3 for their baseline cART regimen;
there was no significant difference in rate of virological
failure in patients with a GSS <3 compared with those with
a GSS >3 (IRR 1.41; 95% CI 0.89-2.23; P=0.14) after
adjustment for all demographic variables, percentage of
time suppressed and time since last rebound.

Discussion

A patient’s history of viral suppression can provide
important information about the risk of viral failure after
a change in ARVs. The variables describing the history of
viral suppression after cART initiation but before a change
in regimen were highly predictive of future virological
failure, in addition to the traditional baseline predictors.
The most important factors were the percentage of time
spent with suppressed viral load since starting cART prior
to baseline and time since last viral rebound. After
adjustment for these factors, none of the other markers of
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Table 2 Predictors of virological failure after a treatment switch

Univariate Multivariate
IRR 95% Cl P-value IRR 95% Cl P-value

Gender

Male 1.00 <0.0001 1.00 - -

Female 1.54 1.26-1.88 1.05 0.82-1.34 0.72
Exposure group

Homosexual 1.00 <0.0001 1.00 - -

IDU 2.34 1.84-2.97 1.21 0.87-1.70 0.26

Heterosexual 1.74 1.40-2.17 1.51 1.15-1.97 0.003

Other 0.99 0.64-1.53 0.98 0.62-1.55 0.93
Region

South 1.00 <0.0001 1.00 - -

West 0.55 0.43-0.71 0.70 0.54-0.91 0.007

North 0.40 0.32-0.51 0.61 0.48-0.78 <0.0001

East 0.46 0.32-0.67 0.58 0.39-0.86 0.006
Hepatitis C status

Negative 1.00 <0.0001 1.00 - -

Positive 2.05 1.66-2.52 1.55 1.15-2.09 0.004

Unknown 0.57 0.43-0.76 0.65 0.46-0.91 0.01
Naive

No 1.00 0.0003 1.00 - -

Yes 0.71 0.58-0.85 1.05 0.83-1.32 0.70
Prior AIDS diagnosis

No 1.00 0.04 1.00 - -

Yes 0.80 0.64-0.98 0.90 0.71-1.134 0.39
Regimen

PI 1.00 0.002 1.00 - -

Boosted Pl 0.74 0.56-0.98 0.76 0.57-1.01 0.06

NNRTI 0.62 0.48-0.81 0.69 0.53-0.90 0.007
Reason for treatment

Addition 1.00 0.05 1.00 - -

TF 1.47 0.91-2.36 1.06 0.64-1.75 0.83

TOXPC 0.95 0.74-1.21 0.96 0.73-1.24 0.74

Other/unknown 1.25 0.95-1.64 1.08 0.79-1.46 0.60
Time since last rebound

Never 1.00 <0.0001 1.00 - -

<1 year 3.37 2.59-4.39 2.40 1.77-3.26 <0.0001

1-2 years 2.48 1.82-3.37 1.72 1.21-2.43 0.002

2-3 years 2.68 1.93-3.72 221 1.54-3.18 <0.0001

>3 years 1.10 0.81-1.49 1.06 0.75-1.50 0.73
Proportion of time suppressed

>90% 1.00 - <0.0001 1.00 - -

89-70% 1.53 1.21-1.94 1.05 0.80-1.38 0.72

69-50% 2.85 2.07-3.94 1.53 1.06-2.04 0.02

< 50% 2.91 2.23-3.81 1.86 1.36-2.55 <0.0001
Age 0.76 0.69-0.84 <0.0001 0.84 0.75-0.94 0.003
CD4 nadir 1.15 1.08-1.23 <0.0001 1.13 1.05-1.22 0.0009
Baseline date 0.90 0.85-0.95 0.0002 0.95 0.89-1.01 0.11
Time on cART 0.96 0.92-1.00 0.07 0.98 0.93-1.04 0.51
Number of new drugs started 1.10 0.99-1.22 0.07 0.97 0.87-1.09 0.59
Number of drugs exposed to 1.10 1.06-1.14 <0.0001 1.06 1.01-1.12 0.03

cART, combination antiretroviral therapy; Cl, confidence interval; IDU, injecting drug use; IRR, incidence rate ratio; HBV, hepatitis B virus; HCV, hepatitis C
virus; NNRTI, nonnucleoside reverse transcriptase inhibitor; Pl, protease inhibitor; TF, reported treatment failure (virological, immunological or clinical); TOXPC,

toxicity or patient/physician choice.

previous patterns of suppression was a significant predictor
of virological failure after baseline.

There was a clear inverse relationship between time
suppressed and risk of future virological failure. Patients
with viral suppression <50% of the time prior to baseline

had almost double the rate of virological failure compared
with those with viral suppression >90% of the time.
A study in patients with CD4 counts > 200 cells/uL found
that time with undetectable viraemia was a significant
predictor of clinical progression [30]. In addition, previous
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studies have found that patients with a history of persistent
low-level viraemia (51-1000 copies/mL) were more likely
to experience virological failure [31], as were those with
intermittent viraemia above 400 copies/mL, compared with
those who sustained an undetectable viral load [32].
However, some studies have shown that, although moder-
ate viraemia and viral rebounds may increase your risk of
future rebounds, this may not translate into an increased
risk of clinical disease progression [33,34].

After adjustment, time since last viral rebound was
highly predictive of virological failure after starting new
ARVs, consistent with findings from other studies. For
example, Benzie et al. [16] reported that up to 4 years of
sustained viral suppression was necessary in patients with
previous treatment failures for them to achieve rebound
rates similar to those of patients with no prior treatment
failures. The greatest risk of viral rebound has been shown
to be in the first few months after initial suppression [14],
and therefore it follows that increasing time since last
virological rebound decreased the risk of virological failure
after baseline. This could be attributable to problems
associated with starting a new regimen, such as tolerability
[35].

In contrast to previous findings [19], the size of each
viral rebound prior to baseline was not significant after
adjustment. The number of previous viral rebounds before
baseline was important; however, after adjustment for the
percentage of time a patient had spent virally suppressed
and the time since last rebound, this variable added very
little additional information. These analyses suggest that a
patient with three or more viral rebounds prior to baseline
would have a very high rate of viral rebound. Palella et al.
[36] found that successive cART regimens were progres-
sively less effective in suppressing viral load and were
generally shorter in duration. Our results highlight the
need for patients to be placed on a suitable regimen when
initiating cART, emphasize the importance of adherence,
and suggest that consideration should also be given to
future treatment strategies in order to decrease the risk of
future viral rebounds.

As with all cohorts studies there are a number of
limitations to this study. One such limitation is that viral
load suppression was defined using a viral load cut-off of
500 copies/mL for the main analysis. In current clinical
practice, a viral load of <50 copies/mL is the aim [2,3])
but assays to such low levels were not consistently
available from all the centres over the period of analysis
covered. However, the sensitivity analysis in patients
with available data where viral suppression was defined
as a viral load <50 copies/mL produced results consistent
with those of the main analysis. Resistance data were
available in a minority of patients; however, 70% of those
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with data available were predicted to be on a fully active
regimen. The patients’ resistance profile at baseline
was not independently associated with the risk of future
virological failure. However, some resistance tests
were performed several years prior to baseline and these
patients could have acquired new mutations. This
analysis may also be limited by power, or it is also
possible that the variables that were significant in our
main analysis captured information that was also
captured by the availability of resistance data. Adherence
to antiretroviral therapy remains a very important issue.
Without adequate adherence ARVs are not maintained at
a sufficient concentration to suppress HIV replication in
infected cells and to lower plasma viral load [26]. Patients
who are more adherent to treatment are more likely to
achieve sustained viral suppression [21,22] and are less
likely to show signs of disease progression [23]. Patients
have been found to take on average 70-75% of their
prescribed medication [24,25]. Paterson et al. [21] found
that adherence of 95% or more was necessary to achieve
optimal viral suppression; however, other studies on
disease progression have found that even adherence of
50% significantly decreases a patient’s risk of progression
to AIDS [23,24]. EuroSIDA has only recently begun
collecting data on adherence and the data are still very
limited. However, the portion of time a patient has spent
with an undetectable viral load since starting cART could
serve as an indicator of a patient’s adherence, as the
initial 4 months after starting or changing a cART
regimen, when the viral load would not be expected to be
undetectable, was excluded from analyses. Thus patients
who are suppressed for longer must be adherent to their
therapy and those with a poor history of viral suppression
are those with poor adherence.

To summarize, when deciding on future treatment
options, the previous response to cART regimens may
provide an indication of the risk of future virological
failure. Patients making a change to their cART regimen
while maintaining a suppressed viral load have an
increased risk of virological failure if they have spent a
low percentage of time on cART with suppressed viral
load or experienced a viral rebound close to the time of
the treatment switch. Patients with a low percentage of
time virally suppressed while on cART and those who
have recently rebounded may require more intensive
monitoring after a switch and consideration should also
be given to increasing the provision of adherence
counselling. The history of patterns of viral response to
cART regimens should be taken into account when
making decisions on monitoring strategies and adherence
counselling for patients whenever a change in cART is
made.
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Appendix

The multicentre EuroSIDA study group (national co-
ordinators in parentheses)

Argentina: (M Losso), C Elias, Hospital JM Ramos Mejia,
Buenos Aires. Austria: (N Vetter), 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; O Suetnov,
Regional AIDS Centre, Svetlogorsk. Belgium: (N Clumeck),
S De Wit, M Delforge, Saint-Pierre Hospital, Brussels;
R Colebunders, Institute of Tropical Medicine, Antwerp;
(L Vandekerckhove), University Ziekenhuis Gent, Gent.
Bosnia-Herzegovina: (V Hadziosmanovic), Klinicki Centar
Univerziteta Sarajevo, Sarajevo. Bulgaria: K Kostov,
Infectious Diseases Hospital, Sofia. Croatia: J Begovac,
University Hospital of Infectious Diseases, Zagreb. Czech
Republic: (L Machala), H Rozsypal, Faculty Hospital
Bulovka, Prague; D Sedlacek, Charles University Hospital,
Plzen. Denmark: (J Nielsen), G Kronborg, T Benfield,
M Larsen, Hvidovre Hospital, Copenhagen; J Gerstoft,
T Katzenstein, A-B E Hansen, P Skinhgj, Rigshospitalet,
Copenhagen; C Pedersen, Odense University Hospital,
Odense, L Oestergaard, Skejby Hospital, Aarhus. Estonia:
(K Zilmer), West-Tallinn Central Hospital, Tallinn, Jelena
Smidt, Nakkusosakond Siseklinik, Kohtla-Jiarve. Finland:
(M Ristola), Helsinki University Central Hospital, Helsinki.
France: (C Katlama), Hopital de la Pitié-Salpétriere, Paris;
J-P Viard, Hopital Necker-Enfants Malades, Paris;
P-M Girard, Hospital Saint-Antoine, Paris; JM Livrozet,
Hopital Edouard Herriot, Lyon; P Vanhems, University
Claude Bernard, Lyon; C Pradier, Hopital de I'Archet, Nice;
F Dabis, D Neau, Unité INSERM, Bordeaux. Germany:
(J Rockstroh), Universitits Klinik Bonn; R Schmidt,
Medizinische Hochschule Hannover; J van Lunzen,
O Degen, University Medical Center Hamburg-Eppendorf,
Infectious Diseases Unit, Hamburg; HJ Stellbrink, IPM
Study Center, Hamburg; S Staszewski, JW Goethe Uni-
versity Hospital, Frankfurt; J Bogner, Medizinische Polikli-
nik, Munich; G. Fétkenheuer, Universitit Kéln, Cologne.
Greece: (J Kosmidis), P Gargalianos, G Xylomenos,
J Perdios, Athens General Hospital; G Panos, A Filandras,
E Karabatsaki, 1st IKA Hospital; H Sambatakou, Ippokra-
tion Genereal Hospital, Athens. Hungary: (D Banhegyi),
Szent Laslo Hospital, Budapest. Ireland: (F Mulcahy), St.
James’s Hospital, Dublin. Israel: (I Yust), D Turner, M Burke,
Ichilov Hospital, Tel Aviv; S Pollack, G Hassoun, Rambam
Medical Center, Haifa; S Maayan, Hadassah University
Hospital, Jerusalem. Italy: (A Chiesi), Istituto Superiore di
Sanita, Rome; R Esposito, I Mazeu, C Mussini, Universita
Modena, Modena; C Arici, Ospedale Riuniti, Bergamo;
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R Pristera, Ospedale Generale Regionale, Bolzano;
F Mazzotta, A Gabbuti, Ospedale S Maria Annunziata,
Firenze; V Vullo, M Lichtner, University di Roma Ia
Sapienza, Rome; A Chirianni, E Montesarchio, M Gargiulo,
Presidio Ospedaliero AD Cotugno, Monaldi Hospital,
Napoli; G Antonucci, F lacomi, P Narciso, C Vlassi,
M Zaccarelli, Istituto Nazionale Malattie Infettive Lazzaro
Spallanzani, Rome; A Lazzarin, R Finazzi, Ospedale San
Raffaele, Milan; M Galli, A Ridolfo, Osp. L. Sacco, Milan;
A d’Arminio Monforte, Istituto Di Clinica Malattie Infettive
e Tropicale, Milan. Latvia: (B Rozentale), 1 Zeltina,
Infectology Centre of Latvia, Riga. Lithuania: (S Chaplins-
kas), Lithuanian AIDS Centre, Vilnius. Luxembourg:
(R Hemmer), T Staub, Centre Hospitalier, Luxembourg.
Netherlands: (P Reiss), Academisch Medisch Centrum bij de
Universiteit van Amsterdam, Amsterdam. Norway:
(J Bruun), A Maeland, V Ormaasen, Ulleval Hospital, Oslo.
Poland: (B Knysz), J Gasiorowski, Medical University,
Wroclaw; A Horban, E Bakowska, Centrum Diagnostyki i
Terapii AIDS, Warsaw; D Prokopowicz, R Flisiak, Medical
University, Bialystok; A Boron-Kaczmarska, M Pynka,
M Parczewski, Medical Univesity, Szczecin; M Beniowski,
E Mularska, Osrodek Diagnostyki i Terapii AIDS, Chorzow;
H Trocha, Medical University, Gdansk; (E Jablonowska),
E Malolepsza, K Wojcik, Wojewodzki Szpital Specjalis-
tyczny, Lodz. Portugal: (F Antunes), E Valadas, Hospital
Santa Maria, Lisbon; K Mansinho, Hospital de Egas Moniz,
Lisbon; F Maltez, Hospital Curry Cabral, Lisbon. Romania:
(D Duiculescu), Spitalul de Boli Infectioase si Tropicale:
V Babes, Bucarest. Russia: (A Rakhmanova), Medical
Academy Botkin Hospital, St Petersburg; A Vinogradova,
St Petersburg AIDS Centre, St Petersburg; S Buzunova,
Novgorod Centre for AIDS, Novgorod. Serbia: (D Jevtovic),
The Institute for Infectious and Tropical Diseases, Belgrade.
Slovakia: (M Mokras), D Stanekova, Dérer Hospital,
Bratislava. Slovenia: (J Tomazic), University Clinical Centre
Ljubljana, Ljubljana. Spain: (J Gonzalez-Lahoz), V Soriano,
P Labarga, J Medrano, Hospital Carlos III, Madrid;

(S Moreno), Hospital Ramon y Cajal, Madrid; B Clotet,
A Jou, R Paredes, C Tural, J Puig, I Bravo, Hospital Germans
Trias i Pujol, Badalona; JM Gatell, JM Mir6, Hospital Clinic
i Provincial, Barcelona; P Domingo, M Gutierrez, G Mateo,
MA Sambeat, Hospital Sant Pau, Barcelona. Sweden:
(A Karlsson), Venhaelsan - Sodersjukhuset, Stockholm;
L Flamholc, Malmo University Hospital, Malmé. Switzer-
land: (B Ledergerber), R Weber, University Hospital, Ziirich;
P Francioli, M Cavassini, Centre Hospitalier Universitaire
Vaudois, Lausanne; B Hirschel, E Boffi, Hospital Cantonal
Universitaire de Geneve, Geneve; H Furrer, Inselspital Bern,
Bern; M Battegay, L Elzi, University Hospital Basel.
Ukraine: (E Kravchenko), N Chentsova, Kiev Centre for
AIDS, Kiev; (G Kutsyna), Luhansk AIDS Center, Luhansk;
(S Servitskiy), Odessa Region AIDS Center, Odessa;
(S Antoniak), Kiev; (M Krasnov), Kharkov State Medical
University, Kharkov. United Kingdom: (S Barton), St.
Stephen’s Clinic, Chelsea and Westminster Hospital, London;
AM Johnson, D Mercey, Royal Free and University College
London Medical School, London (University College Cam-
pus); A Phillips, MA Johnson, A Mocroft, Royal Free and
University College Medical School, London (Royal Free
Campus); M Murphy, Medical College of Saint Bartholo-
mew’s Hospital, London; J Weber, G Scullard, Imperial
College School of Medicine at St. Mary’s, London; M Fisher,
Royal Sussex County Hospital, Brighton; C Leen, Western
General Hospital, Edinburgh.

Virology group: B Clotet, R Paredes (central co-
ordinators) plus ad hoc virologists from participating sites
in the EuroSIDA study.

Steering committee: F Antunes, B Clotet, D Duiculescu,
J Gatell, B Gazzard, A Horban, A Karlsson, C Katlama,
B Ledergerber (Chair), A D’Arminio Monforte, A Phillips,
A Rakhmanova, P Reiss (Vice-Chair), J Rockstroh.

Coordinating centre staff: J Lundgren (project leader),
0 Kirk, A Mocroft, N Friis-Mgller, A Cozzi-Lepri, W
Bannister, M Ellefson, A Borch, D Podlekareva, J Kjeer,
L Peters, J Reekie, J Kowalska.
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