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Objective: Information about the virological response to
sequential highly active antiretroviral therapy (HAART)
for HIV infection is limited. The virological response to
four consecutive therapies was evaluated in the Swiss
HIV Cohort.
Design: Retrospective analysis in an observational cohort.
Methods: 1140 individuals receiving uninterrupted
HAART for 4.8 ±0.6 years were included. The virological
response was classified as success (<400 copies/ml),
low-level (LF: 400–5000 copies/ml) or high-level
failure (HF: >5000 copies/ml). Potential determinants
of the virological response, including patient demo-
graphics, treatment history and virological response to
previous HAART regimens were analysed using survival
and logistic regression analyses. 
Results: 40.1% failed virologically on the first (22.0% LF;
18.1% HF), 35.1% on the second (14.2% LF; 20.9% HF),
34.2% on the third (9.9% LF; 24.3% HF) and 32.7% on
the fourth HAART regimen (9% LF; 23.7% HF).
Nucleoside pre-treatment (OR: 2.34; 95% CI: 1.67–3.29)

and low baseline CD4 T-cell count (OR: 0.79/100 cells
rise; 95% CI: 0.72–0.88) increased the risk of HF on the
first HAART. Virological failure on HAART with HIV-1
RNA levels exceeding 1000 copies/ml predicted a poor
virological response to subsequent HAART regimens. A
switch from a protease inhibitor- to a non-nucleoside
reverse transcriptase inhibitor-containing regimen
significantly reduced the risk of HF. Multiple switches of
HAART did not affect the recovery of CD4 T lymphocytes.
Conclusion: Multiple sequential HAART regimens do not
per se reduce the likelihood of long-term virological
suppression and immunological recovery. However, early
virological failure increases significantly the risk of
subsequent unfavourable virological responses. The
choice of a potent initial antiretroviral drug regimen is
therefore critical.

This study has been presented in part at the 10th
Conference on Retroviruses & Opportunistic Infections.
Boston, Mass., USA, 2003. Abstract #571.
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A major goal of highly antiretroviral therapy
(HAART) is the reduction of plasma HIV-1 viraemia to
values below the threshold of detection [1–3]. In obser-
vational studies the proportion of treated
HIV-1-infected individuals suppressing plasma HIV-1
RNA to levels below 400 copies/ml barely reaches
50–60% despite a continuously growing number of
antiretroviral drugs, targeting distinct phases of the
HIV-1 life cycle [4–6]. The risk of virological failure on
HAART is higher in individuals with low CD4 T-cell
count and high plasma HIV-1 RNA at baseline [7–9].

In addition, pre-treatment with nucleoside analogue
mono- or dual-therapy for a short duration of 2
months may suffice to reduce the likelihood of
sustained reduction in plasma HIV-1 RNA signifi-
cantly, because of the rapid selection of drug resistance
mutations [10–13]. Once resistance mutations have
emerged, the virological response to salvage regimens
remains poor because of the broad intra-class cross
resistance [14–17]. A different situation may arise in
individuals changing drug regimens only due to
adverse events. It is unknown whether multiple
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changes of HAART favour the emergence of drug 
resistance in this specific patient population.

We studied the consequences of changing HAART
regimens up to four times in 1140 individuals of the
Swiss HIV Cohort Study, with regard to the durability
of the virological response and CD4 T-cell recovery. We
formulated the hypothesis that multiple changes of
antiretroviral therapy for reasons other than virolog-
ical failure do not negatively influence virological and
immunological responses to HAART.

Methods

Patients
We included all participants of the Swiss HIV Cohort
Study who commenced HAART between January
1996 and December 1998, and continued therapy
without interruption. The Swiss HIV Cohort Study is a
prospective observational multicentre study described
in detail elsewhere [5]. Data collected until August
2002 were considered in this retrospective analysis.
HAART was defined as a drug regimen containing: (a)
two nucleoside analogue reverse transcriptase
inhibitors (NRTIs) in combination with a protease
inhibitor (PI) or a non-nucleoside analogue reverse
transcriptase inhibitor (NNRTI); (b) two PIs in combi-
nation with at least one NRTI; (c) a combination of a
PI and a NNRTI with at least one NRTI; or (d) a
combination of three NRTIs.

Of 2037 individuals meeting these criteria, 613
(30.1%) were excluded because of intermittent
switches to non-HAART regimens, eight (0.4%)
because of a short follow up (<3 years), and 276
(13.5%) with missing baseline CD4 or CD8 T-cell
count, or missing baseline plasma HIV-1 RNA values
before initiation of HAART.

Data of 1140 individuals were included in the final
analysis, consisting of patient demographics, treatment
history, longitudinal CD4 and CD8 T-cell counts, and
plasma HIV-1 RNA levels. T-lymphocyte counts and
plasma HIV-1 RNA were determined at irregular time
intervals, ranging from 1 to 6 months. Monthly values
were calculated by linear interpolation.

The mean follow-up was 4.8 ±0.6 years. Most study
participants were male (74.7%) and Caucasian
(87.5%). Nearly a third (30.9%) had acquired HIV
infection through heterosexual and 42.9% through
homosexual intercourse. 21.9% were intravenous drug
users. At baseline, the mean age was 38.8 ±9.2 years,
and based on the first positive documented HIV-1
serology the estimated median duration of HIV-1 infec-
tion was 4.8 years (IQR: 1.0–9.1). 21% of patients
were in CDC stage C and 608 individuals (53.3%)
were pre-treated with non-HAART regimens when
they commenced HAART (Table 1).

Statistical analysis 

Primary end-points included the virological response
and CD4 T-cell recovery. Four virological outcomes
were defined: (i) individuals with virological success
reduced plasma HIV-1 RNA to levels <400 copies/ml
at all visits 6 months after initiation of HAART; (ii)
low-level virological failure (LF) was defined as at least
one plasma HIV-1 RNA value reaching 400–5000
copies/ml 6 months after initiation of HAART; (iii)
high-level virological failure (HF) was characterized by
at least one plasma HIV-1 RNA level exceeding 5000
copies/ml; (iv) individuals receiving HAART regimens
for at least 3, but fewer than 6 months had to demon-
strate a reduction of ≥1 log10 copies/ml of plasma
HIV-1 RNA to meet the criteria of a successful viro-
logical responder. HF anf LF were mutually exclusive.
The virological outcome could not be conclusively
stratified in individuals receiving a HAART regimen
for fewer than 3 months. Data of these individuals
were not considered for statistical evaluation.

The impact of multiple treatment changes on CD4
T-cell recovery was judged according to the absolute
CD4 T-cell-increase after 4 years of HAART.

A number of determinants of the virological and
immunological responses to HAART were studied,
including gender, age, HIV transmission group, CDC
stage, duration of HIV-1 infection, previous treat-
ment history, and baseline HIV-1 RNA, CD4 and
CD8 T-cell count. In addition, the effect of elevated
plasma HIV-1 RNA levels during previous HAART
regimens and switches to distinct antiretroviral drug
classes were analysed.

Data were statistically evaluated using logistic
regression and Cox proportional hazards models. A
two-sided P-value <0.05 was considered statistically
significant. All statistical analyses were performed with
SPSS release 11.0 (SPSS, inc., Chicago, Ill., USA).

Results 

Characteristics of patients changing the first 
HAART regimen 
During the mean observation period of 4.8 years, 289
individuals (25.4%) received one HAART regimen.
426 individuals (37.4%) changed the drug regimen
once, 242 (21.2%) twice, and 183 (16.1%) three or
more times (Figure 1). The proportion of PI-containing
therapies declined over time. In 97.3%, PIs were part
of the first, in 71.2% part of the second, in 61.6% part
of the third and in 54.5% part of the fourth HAART
regimen. The number of patients on NNRTI-
containing regimens and triple nucleoside therapy
increased during the observation period (Table 2).

Intravenous drug users changed the first HAART
regimen less frequently than patients who had acquired
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HIV-1 infection through homosexual or heterosexual
intercourse (65.2 vs 78.9%; P<0.001; 65.2 vs 75.6;
P=0.006; Table 3). A larger proportion of treatment-
experienced patients changed HAART as compared
with treatment-naive individuals (77.6 vs 71.2%;
P=0.014). In addition, individuals who commenced
nelfinavir-containing drug regimens changed the first
therapy less frequently during the observation period
than patients who initiated HAART that included
saquinavir, ritonavir or indinavir (51.6% vs 92.3%,
78.8% and 85.8%; P<0.001 for all comparisons). The
numbers of individuals commencing NNRTI-
containing regimens (n=9) or triple NRTI therapies
(n=37) were too small to study the effect of these drug
regimens on the likelihood of switching HAART. Low
baseline CD4 T-cell count represented a further risk
factor of changing HAART [hazard ratio (HR): 0.96
per 100 cells increase; 95% CI: 0.92–0.99; P=0.028].
Gender, the duration of HIV-1 infection, baseline CD8
T-cell count and plasma HIV-1 RNA did not signifi-
cantly affect the risk of changing HAART. In a Cox
model adjusted for potentially confounding variables,
intravenous drug users were less likely to change

HAART (adjusted HR: 0.69; 95% CI: 0.57–0.83),
whereas pre-treatment increased the risk of changing
therapy (adjusted HR: 1.21; 95% CI: 1.06–1.39). In
contrast, baseline CD4 T-cell count and the initial PI
were not independent predictors of changing HAART. 
In a subgroup of individuals who changed therapy
because of adverse events or inconvenience and not
due to virological failure (HIV-1 RNA <400 copies/ml
at the time of treatment change), intravenous drug use
was the only factor significantly associated with a
reduced likelihood of switching HAART (HR: 0.75;
95% CI: 0.57–0.97).

Virological response to HAART during the 
observation period 
Low- or high-level virological failure as defined by
viral rebound to levels above 400 copies/ml during the
observation period was more frequently observed in
individuals with CDC stage C (adjusted HR: 1.40;
95% CI: 1.08–1.81), pre-treatment with NRTIs
(adjusted HR: 1.96; 95% CI: 1.64–2.35), low baseline
CD4 T-cell count (adjusted HR: 0.88 per 100 cells
increase; 95% CI: 0.83–0.92) and high baseline HIV-1

HAART and multiple treatment changes

Table 1. Baseline characteristics

All subjects No switch One switch Two switches        Three or more switches
(n=1140) (n=289) (n=426) (n=242) (n=183)

Gender (%)
Male 852 (74.7) 208 (72.0) 333 (78.2) 173 (71.5) 138 (75.4)
Female 288 (25.3) 81 (28.0) 93 (21.8) 69 (28.5) 45 (24.6)

Age (years) 38.8 ±9.2 38.0 ±9.1 38.8 ±8.9 38.9 ±9.6 40.0 ±9.4
Ethnicity (%)

Caucasian 583 (87.5) 153 (87.4) 234 (87.0 109 (87.2) 153 (87.4)
Black 48 (7.2) 12 (6.9) 21 (7.9) 10(8.0) 12 (6.9)
Hispanic 12 (1.8) 2 (1.1) 5 (1.9) 4 (3.2) 2 (1.1)
Asian 23 (3.5) 8 (4.6) 9 (3.3) 2 (1.6) 8 (4.6)
No information 474 114 157 117 114

HIV transmission category (%)
Heterosexual 352 (30.9) 86 (29.8) 133 (31.2) 78 (32.3) 55 (30.1)
Homosexual 489 (42.9) 103 (35.6) 191 (44.8) 99 (40.9) 96 (52.5)
IV drug use 250 (21.9) 87 (30.1) 84 (19.7) 53 (21.9) 26 (14.2)
Other/unknown 49 (4.3) 13 (4.5) 18 (4.2) 12 (5.0) 6 (3.3)

Duration of HIV-1 infection (years) 4.8 (1.0–9.1) 5.0 (0.9–10.0) 4.3 (0.8–8.9) 4.8 (1.6–8.5) 4.9 (1.5–9.5)
CDC  stage

A (%) 43.9 50.0 45.9 37.8 38.4
B (%) 35.1 34.8 32.3 38.9 36.2
C (%) 21.0 15.2 21.8 23.3 25.4

Pre-treated (%) 608 (53.3) 136 (47.1) 210 (49.3) 147 (60.7) 115 (62.8)
Nucleoside analogues 581(95.6) 131 (96.3) 197 (93.8) 143 (96.6) 111 (96.5)
PI 26 (4.3) 5 (3.7) 12 (5.7) 5 (3.4) 4 (3.5)
NNRTI 1 (0.2) 0 (0) 1 (0.5) 0 (0) 0 (0)

Baseline HIV-1 RNA (log10 copies/ml) 4.6 (3.8–5.2) 4.5 (3.7–5.1) 4.6 (3.9–5.3) 4.5 (3.8–5.2) 4.9 (4.1–5.3)
Baseline CD4 count (cells/µl) 195 (83–334) 225 (91–355) 195 (88–340) 187 (84–318) 160 (50–311)
Baseline CD8 count (cells/µl) 733 (467–1064) 767 (467–1093) 710 (476–1027) 740 (417–1025) 731 (455–1110)

Age is given as mean and standard deviation. All other data are shown as numbers and proportions or medians, 25th and 75th percentiles. 
PI, protease inhibitor; NNRTI, non-nucleoside analogue reverse transcriptase inhibitor.
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RNA levels (adjusted HR: 1.15 per 1 log10 increase;
95% CI: 1.05–1.25) (Table 4).

The risk of only high-level virological failure (HF)
as defined by viral rebound to ≥5000 copies/ml was
elevated in individuals with low baseline CD4 T-cell
count (adjusted HR: 0.83 per 100 cells increase; 95%
CI: 0.76–0.90), high baseline plasma HIV-1 RNA
(adjusted HR: 1.23 per 1 log10 increase; 95% CI:
1.07–1.41), CDC stage C (adjusted HR: 1.50; 95%
CI: 1.04–2.18) and pre-treatment with NRTIs
(adjusted HR: 2.70; 95% CI: 2.05–3.54), but it was
reduced in women (adjusted HR: 0.71; 95% CI:
0.52–0.97). 

Virological response to the first and second
HAART regimen
The median duration of the first HAART was 24
months (IQR: 10–48). A total of 417 individuals
(40.1%) experienced low- (22.0%) or high-level viro-
logical failure (18.1%). Individuals with high-level
virological failure were more frequently pre-treated
with nucleoside analogues (68.6 vs 49.5%; adjusted
OR: 2.34; 95% CI: 1.67–3.29) and had lower CD4 T-
cell counts (135 vs 212 cells/µl; adjusted OR: 0.79 per

100 cells increase; 95% CI: 0.72–0.88) than individuals
with virological success (Figure 2A).

851 individuals (74.6%) received a second HAART
regimen for a median time of 20 months (IQR: 8–35).
65.6% of these patients received one, 17.9% two and
16.3% three or more new antiretroviral drugs. In
57.3%, the new drug regimen included at least one
new PI and in 19.3% a new NNRTI. In 50.3% one or
more new NRTIs were prescribed.

35% failed on the second therapy (14.2% LF;
20.9% HF). The virological response strongly
depended on the response to the initial HAART
regimen. 26.9% of patients, responding well to the first
HAART regimen, failed on the second therapy (16.6%
HF; 10.3% LF). A slightly higher proportion of 33.3%
that had experienced low-level virological failure
during the first antiretroviral drug regimen did not
succeed on the second HAART (13.6% HF; 19.7% LF;
P=0.43). The proportion of virological failures was
significantly higher in individuals with high-level viro-
logical failure on the first HAART (58.7%, consisting
of 42.8% HF; 15.9% LF; P<0.001). In an analysis
adjusted for potentially confounding variables, higher
mean plasma HIV-1 RNA levels during the previous

Table 2. Antiretroviral drug regimens

First therapy (%) Second therapy (%) Third therapy (%) Fourth therapy (%)

PI + ≥2 nucleoside analogues 87.9 48.3 36.8 25.1
NNRTI + ≥2 nucleoside analogues 0.7 17.0 28.3 29.9
PI+NNRTI + ≥1 nucleoside analogue 0.4 1.7 4.5 7.8
Double PI + ≥1 nucleoside analogue 8.9 21.2 20.3 21.6
Triple nucleoside analogues 2.0 11.8 10.3 15.6

PI, protease inhibitor; NNRTI, non-nucleoside analogue reverse transcriptase inhibitor.
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HAART regimen (adjusted OR: 1.42 per 1 log10

increase; 95% CI: 1.13–1.79) and high-level virolog-
ical failure (adjusted OR: 2.26; 95% CI: 1.29–3.94)
best predicted a poorer response to the second HAART
regimen (Figure 2B).

A mean plasma HIV-1 RNA value, ranging from 3
to 4 log10 copies/ml increased the risk of high-level
virological failure to subsequent HAART regimens
2.8-fold (95% CI: 1.7–4.6), whereas HIV-1 RNA levels

>4 log10 copies/ml were associated with a 4.3-times
higher risk of high-level virological failure (95% CI:
2.6–7.0; Figure 2C). Of note, mean plasma HIV-1
RNA levels >400 and <1000 copies/ml did not signifi-
cantly increase the risk of high-level virological failure
(OR: 1.3; 95% CI: 0.8–2.2).

Switching from a PI to a NNRTI improved the viro-
logical response (adjusted OR: 0.30; 95% CI:
0.14–0.64; Figure 2D), whereas a switch to a triple

Table 3. Predictors of changing HAART in all individuals (n=1140) and in subjects, maintaining plasma HIV-1 RNA
<400 copies/ml (n=640)

Parameter All subjects Controlling viral load at  <400 copies/ml

Proportion  Hazard ratio P-value Proportion Hazard ratio P-value
with change (95% CI) ‡ with change (95% CI)
of HAART (%) of HAART (%)

Gender
Male 75.6 1.00 71.4 1.00
Female 71.9 0.99 (0.83–1.19) 0.937 67.4 0.91 (0.73–1.12) 0.348

Age (years)* 1.03 (0.95–1.11) 0.455 1.09 (0.99–1.20) 0.094
<35 72.4 70.0
35–42 74.1 66.8
>42 78.2 74.6

Homosexual risk 78.9 1.00 73.7 1.00
Heterosexual risk 75.6 0.93 (0.79–1.08) 0.328 70.0 0.91 (0.74–1.13) 0.406
Intravenous drug use 65.2 0.69 (0.57–0.83) <0.001 61.2 0.75 (0.57–0.97) 0.027
Duration of HIV-1 infection 0.93 (0.76–1.13) 0.454 0.93 (0.74–1.17) 0.523
(years)* 

<2.1 72.6 68.3
2.1–7.7 76.7 71.2
>7.7 71.7 68.1

CDC stage  
A 70.3 1.00 68.6 1.00
B 74.1 1.00 (0.83–1.21) 0.985 66.0 0.87 (0.68–1.12) 0.285
C 81.1 1.17 (0.94–1.45) 0.168 72.0 1.05 (0.77–1.43) 0.770

Pre-treated
No 71.2 1.00 71.1 1.00
Yes 77.6 1.21 (1.06–1.39) 0.006 69.3 0.91 (0.76–1.10) 0.343 

Baseline CD4 count † 0.96 (0.92–0.99) 0.028 1.02 (0.98–1.07) 0.309
(cells/µl)

<117 77.9 67.7
117–285 73.9 71.4
>285 72.1 71.4

Baseline CD8 count † 1.00 (0.99–1.02) 0.570 1.01 (0.99–1.03) 0.429
(cells/µl)

<556 75.8 68.1
556–933 75.2 73.1
>933 72.0 67.1

Baseline HIV-1 RNA § 1.06 (0.99–1.13) 0.093 1.03 (0.95–1.12) 0.453
(log10 copies/ml)

<4.16 73.1 71.8
4.16–5.04 72.9 65.9
>5.04 78.0 73.3

A Cox proportional hazards model was applied to analyse the risk of changing the first HAART regimen in all individuals and in individuals who changed therapy for
reasons other than virological failure such as drug intolerance and inconvenience (plasma HIV-1 RNA levels <400 copies/ml at the time of switch).
*Per 10 years increase; † per 100 cells/µl increase; § per 1 log10 increase in plasma HIV-1 RNA; ‡ adjusted for pre-treatment, mode of HIV-1 transmission and baseline
CD4 T-cell count.
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NRTI regimen was not significantly associated with
high-level virological failure.

Patients receiving multiple sequential 
HAART regimens 
37% of individuals (n=425) were treated with a third
HAART regimen for a median time of 15 months (IQR:
6–29). 55.2% of these individuals received one, 16.0%
two and 15.5% three and more new antiretroviral
drugs. The remaining patients reduced the number of

drugs. In 41.9% the new antiretroviral drug regimen
consisted of at least one new PI. In 30.0% a new NNRTI
and in 44.3% at least one new NRTI were added.

34% of patients experienced virological failure on
the third HAART regimen (9.9% LF; 24.3% HF).
Similar to previous results, the virological response
depended on the degree of viral suppression during
previous therapy. 19% of virological responders to the
second HAART regimen failed (15.3% HF; 4.3% LF),
whereas 41% with low- and 45.8% with high-level

Table 4. Predictors of virological failure during the observation period

Parameter Low-level failure or high-level failure High-level failure

Proportion of subjects Adjusted analysis ∫ P-value Proportion of subjects Adjusted analysis ¶ P-value
with failure Hazard ratio with failure Hazard ratio

(95% CI) (95% CI)

Gender
Male 50.6 1.00 24.9 1.00
Female 45.1 0.91 (0.75–1.10) 0.331 17.4 0.71 (0.52–0.97) 0.031

Age (years)* 0.97 (0.89–1.07) 0.566 0.94 (0.82–1.08) 0.382
<35 46.6 22.1
35–42 50.8 23.2
>42 49.6 23.9

Homosexual risk 49.9 1.00 24.7 1.00
Heterosexual risk 44.9 0.91 (0.74–1.10) 0.327 19.3 0.95 (0.68–1.32) 0.744
Intravenous drug use 54.4 0.99 (0.80–1.22) 0.919 26.0 1.03 (0.75–1.42) 0.851
Duration of HIV-1 infection* 0.95 (0.76–1.19) 0.652 1.09 (0.79–1.51) 0.588
(years)

<2.1 41.6 16.1
2.1–7.7 55.0 28.7
>7.7 49.7 23.8

CDC stage
A 43.8 1.00 17.8 1.00
B 54.5 1.09 (0.87–1.37) 0.442 27.2 1.24 (0.88–1.72) 0.216
C 66.7 1.40 (1.08–1.81) 0.012 36.7 1.50 (1.04–2.18) 0.031

Pre-treated
No 39.1 1.00 14.7 1.00
Yes 58.1 1.96 (1.64–2.35) <0.001 30.3 2.69 (2.05–3.54) <0.001

Baseline CD4 count † 0.88 (0.83–0.92) <0.001 0.83 (0.76–0.90) <0.001
(cells/µl)

<117 57.4 30.3
117–285 52.4 24.7
>285 37.9 13.9

Baseline CD8 count † 1.01 (0.99–1.02) 0.502 1.02 (0.99–1.04) 0.223
(cells/µl)

<556 50.0 23.1
556–933 53.4 25.6
>933 45.7 21.5

Baseline HIV-1 RNA ‡ 1.15 (1.05–1.25) 0.002 1.23 (1.07–1.41) 0.003
(log10 copies/ml)

<4.16 43.3 16.6
4.16–5.04 50.0 24.5
>5.04 54.4 27.9

A Cox proportional hazards model was used for this analysis.*Per 10 years increase; † per 100 cells/µl increase; ‡ per 1 log10 increase in plasma HIV-1 RNA; ∫ adjusted
for pre-treatment, baseline plasma HIV-1 RNA and baseline CD4 T-cell count; ¶ adjusted for pre-treatment, baseline plasma HIV-1 RNA, baseline CD4 T-cell count and
gender. CI, confidence interval; PI, protease inhibitor; NNRTI, non-nucleoside analogue reverse transcriptase inhibitor. 
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Figure 2. Predictors of high-level virological failure (HF; >5000 copies/ml) during the first (A) and second (B) HAART regimen

Percentage of individuals suppressing plasma HIV-1 RNA to levels <5000 copies/ml after initiation of the second HAART
regimen, stratified by mean plasma HIV-1 RNA levels during the initial HAART (C) or switch of classes of drugs (D)
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virological failure during the second drug regimen
responded poorly to the third drug regimen (20.5%
HF; 20.5% LF and 33.0% HF; 12.8% LF, respec-
tively; P=0.491; P=0.002). Higher mean plasma HIV-1
RNA during the second HAART regimen predicted a
poorer response to the third HAART regimen (OR:
1.77 per 1 log10 increase of HIV-1 RNA; 95% CI:
1.40–2.24). The risk of high-level virological failure
could be significantly reduced by a switch from a PI-
to a NNRTI-containing regimen (OR: 0.13; 95% CI:
0.04–0.44), but not by a switch to triple NRTI therapy
(Figure 3A).

A small number of individuals (n=73) received a
fourth HAART regimen for a median time of 14
months (IQR: 6–24). Of these individuals, 62.8%
added one, 16.9% two and 14.8% three and more new
antiretroviral drugs. In 42.7%, the new antiretroviral
drug regimen consisted of at least one new PI and in
29.5% of a new NNRTI, whereas 50.9% received at
least one new NRTI.

33% experienced virological failure on the fourth
antiretroviral drug regimen (9% LF; 23.7% HF). The
proportion of virological failures was higher in indi-
viduals with low- and high-level virological failure
during the third HAART regimen than in virological
responders to the third therapy (44% and 46.7% vs
17%). The mean plasma HIV-1 RNA value during the
third HAART regimen was significantly associated
with the risk of high-level virological failure on the
fourth HAART regimen (OR: 1.78 per 1 log10 increase
of HIV-1 RNA; 95% CI: 1.35–2.36; Figure 3B).

Effect of multiple virological failures and successes 
Individuals who did not change HAART due to viro-
logical failure (plasma HIV-1 RNA <400 copies/ml at
the time of switch) responded well to subsequent
HAART regimens. 291 (73.1%) of the virological
responders to the first HAART regimen suppressed
plasma HIV-1 RNA to values <400 copies/ml on the
second HAART regimen, of whom 72 (82.8%)
responded well to the third and all of these (n=14)
responded well to the fourth HAART regimen.

In contrast, 130 (45.6%) of the patients responding
poorly to the first HAART regimen, failed on the second
HAART regimen. Thirty-two (45%) of these patients
failed on the third drug regimen, and seven (53.9%) of
these individuals failed on the fourth drug regimen.

The probability of virological failure of the second
HAART regimen doubled in virological non-respon-
ders to the first HAART regimen as compared with
individuals succeeding on the first therapy (adjusted
OR: 2.26; 95% CI: 1.29–3.94). Patients with two
subsequent virological failures showed after adjust-
ment for a change of antiretroviral drug classes a
6.27-times increased risk of further poor virological

responses (adjusted OR: 6.27; 95% CI: 2.36–16.67).
Treatment changes per se do not affect CD4.

T-cell recovery 
In the whole cohort, median CD4 T-cell count
increased from 195 (83–334) to 493 (346–715) cells/µl.
In a subgroup of individuals who permanently
controlled HIV-1 viraemia at levels <400 copies/ml
(n=640), the increase of CD4 T-lymphocytes was not
related to the number of therapy changes (Figure 4). 

Discussion 

We studied the important clinical issue of multiple
sequential changes of potent antiretroviral drug
therapy in a large cohort of 1140 patients of the Swiss
HIV Cohort. From a theoretical point of view,
sequencing HAART may potentially increase the prob-
ability of multidrug resistance and ultimately limit the
number of antiretroviral agents that remain available
for salvage regimens. HAART regimens had been
changed very often, but multiple sequential therapies
per se did not increase the risk of virological or
immunological failure. The frequent modifications of
HAART were partly the consequence of the high inci-
dence of adverse events and partly the result of
virological failure [18–20]. Almost half of all treated
participants of the Swiss HIV Cohort suffer from clin-
ical adverse events and three-quarters experience
clinical and/or laboratory side effects [21]. In fact,
52.9% of patients who changed HAART during the
observation period had low plasma HIV-1 RNA levels
below the threshold of 400 copies/ml.

Individuals who were pre-treated with NRTIs
showed a 1.2-fold increased likelihood of changing
HAART, presumably due to the increased risk of viro-
logical failure in this patient group. In individuals
changing HAART regimens because of reasons other
than virological failure, NRTI pre-treatment was not a
risk factor of switching therapy. Of note, HIV-1-related
factors such as CD4 T-cell count or plasma HIV-1 RNA
levels did not significantly alter the risk of changing
HAART as well. Interestingly, intravenous drug users
stayed more frequently on the initial HAART regimen
than individuals who had acquired HIV-1 infection
through homosexual or heterosexual intercourse. The
reluctance to change HAART in intravenous drug users
may reflect the prevailing opinion of physicians that
this patient group adheres poorly to the drug regimen
[22,23]. In addition, a switch to a NNRTI-containing
HAART regimen may have been considered unsuitable
for intravenous drug users because of CNS side effects
and increased liver toxicity [24].

The risk factors for low- and high-level virological
failure during the entire observation period were similar
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and included low baseline CD4 T-cell count, advanced
CDC stage C, high baseline plasma HIV-1 RNA and
pre-treatment with NRTIs. These results are in good
agreement with reports from others [6,7,12,25–30].

The initial virological response to HAART strongly
predicted the virological response to subsequent anti-
retroviral therapies [26,31–33]. Mean HIV-1 RNA
levels during the first HAART exceeding 1000
copies/ml reduced the probability of a favourable viro-
logical response, but not plasma HIV-1 RNA levels
ranging from 400 to 1000 copies/ml. These findings
support the conclusions of two other studies, demon-
strating that transitory low-level viraemia is not
necessarily associated with virological failure [11,34].

A switch from a PI- to a NNRTI-containing regimen
reduced the likelihood of high-level virological failure

by 60–70%. Most patients were switched to efavirenz
and only a minority to nevirapine. The positive effect
of changing classes of antiretroviral drugs in combi-
nation with a new nucleoside regimen has been
previously reported and should be seriously consid-
ered in individuals with high-level virological failure
[24,35,36].

Changing HAART regimens in individuals at the
time when HIV-1 viraemia was below 400 copies/ml
had no negative impact on the virological response,
but even appeared to result in a long-term benefit,
extending the durability of viral suppression. It is
conceivable that the emergence of drug resistance on
long-term HAART can be partly prevented by
switching antiretroviral drug regimens after 1 or 2
years of antiretroviral therapy. Indeed, a recent
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prospective study showed that alternating antiretro-
viral drug regimens in 3 monthly intervals improved
the virological response [37]. On the other hand,
consecutive virological failures in our study appeared
to have a particularly unfavourable prognostic value.
One virological failure doubled the probability of
future virological failures, whereas two subsequent
unfavourable virological responses increased the risk
almost sevenfold.

A limitation of our study was the lack of sufficient
information regarding the reason for switching
HAART. Nevertheless, patients could be roughly strat-
ified into two groups ‘virological failure’ or ‘adverse
events’ according to the plasma HIV-1 RNA level
when therapy was switched. Unfortunately, adherence
and resistance data were not readily available that
may have allowed a more detailed analysis of patients
with elevated plasma HIV-1 RNA at the time of
switching therapy. Hence, individuals with poor
adherence may have been misjudged as virological
non-responders.

In summary, most treated HIV-1-infected individ-
uals in the Swiss HIV cohort switched HAART
regimen at least once in 4 years. Individuals changing
HAART regimens only because of intolerance or
inconvenience showed no increased risk of subse-
quent virological failure. In contrast, long-term
virological control is less likely in individuals, experi-
encing early virological failure during the first
HAART. This observation suggests that the choice of
the initial HAART regimen is critical for durable
virological suppression.
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