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Abstract

Objective: To examine the prevalence of mutations in HIV patients with triple-drug 
class virological failure (TCF) and their association with long-term mortality.
Design: Population-based study from the Danish HIV Cohort Study (DHCS).
Methods: We included all patients in the DHCS who experienced TCF between
January 1995 and November 2004, and we performed genotypic resistance tests 
for IAS-USA primary mutations on virus from plasma samples taken around the 
date of TCF. We computed time to all-cause death from date of TCF. The relative 
risk of death according to the number of mutations and individual mutations was 
estimated by Cox regression analysis and adjusted for potential confounders.
Results: Resistance tests were done for 133 of the 179 patients who experienced 
TCF. The median number of resistance mutations was eight (interquartile range, 
2-10), and 81 (61%) patients had mutations towards all three major drug classes. 
In a regression model adjusted for CD4 count, HIV RNA, year of TCF, age, 
gender, and previous inferior antiretroviral therapy, harboring ≥9 vs. ≤8  mutations 
was associated with increased mortality (mortality rate ratio (MRR)=2.3 (95% 
confidence interval: 1.1-4.8)), as were the individual mutations T215Y (MRR=3.4 
(1.6-7.0)), G190A/S (MRR=3.2 (1.6-6.6)), and V82F/A/T/S (MRR=2.5 (1.2-5.3)). 
When adjusting for the latest (time-updated) CD4 count, only the T215Y mutation 
remained a prognostic factor for death (MRR=3.0 (1.3-7.0)), along with the latest 
CD4 count.
Conclusions: In HIV patients with TCF, the total number of genotypic resistance 
mutations and specific single mutations predicted mortality and were associated 
with a further decline in CD4 count. 

Introduction

Virological failure to all three major drug classes (nucleoside 
reverse transcriptase inhibitors (NRTI), non-NRTI (NNRTI), and 
protease inhibitors (PI)), (i.e., triple-class failure (TCF)) in HIV 
patients is an important clinical problem and is associated with a 
poor prognosis. The goals of the present study were 1) to 
examine the prevalence of mutations in patients with TCF, and 2)
to examine how resistance mutations influence long-term 
mortality in TCF patients, while controlling for other prognostic 
factors.

Methods

Virological failure
Virological failure was defined as a VL of more than 1000 
copies/mL for a total of 120 days (not necessarily successive) 
while receiving treatment with a given class of drug. The time that 
TCF occurred was the date the patient met the failure 
requirements for three drug classes. All DHCS patients that 
experienced TCF up to 1 Nov 2004 were eligible for the study.

Results

Resistance pattern
Among 133 patients in the study, 81 (61%) had resistance 
mutations towards all three major drug classes (Table 2). The six 
most frequent NRTI mutations observed were at codons 215 
(60%), 184 (50%), 41 (49%), 67 (40%), 210 (35%), and 219 
(29%). The most frequent NNRTI mutations were at codons 103 
(53%) and 181 (25%), and the most frequent primary PI mutations 
were at codons 90 (41%), 82 (33%), 46 (30%), and 84 (14%).

Mortality after TCF
The median time of follow up after TCF (baseline) was 4.3 years 
(IQR 2.8-5.5). The mortality rate after baseline was 70 (95% CI, 
54-92) per 1000 PYR, as opposed to an overall mortality in DHCS 
after initiation of HAART of 29 (95% CI, 26-32) per 1000 PYR.
Patients in the upper half, harboring 9 mutations or more, had 
increased mortality compared with patients harboring 8 mutations
or fewer (Figure 1), adjusted MRR=2.3 (95% CI, 1.1-4.8) (Table 
3A). 

Three individual mutations, each conferring resistance to one 
major drug class, were significantly associated with increased 
mortality: G190A/S, T215Y, and V82F/A/T/S (Table 2).  

When these three mutations and “number of mutations” were 
included in the same regression model, the prognostic value of 
number of mutations decreased, while CD4 cell count at baseline,
T215Y, and G190A/S remained marked and statistically 
significant prognostic factors for death (Table 3B). 

Finally, when including time-updated CD4 cell count instead of 
CD4 cell count at baseline in that same model, only the T215Y 
mutation remained a prognostic factor for death (MRR=3.0 (95% 
CI, 1.3-7.0)), along with the latest CD4 cell count (50-200 vs. 
>200, MRR=3.0 (95% CI, 1.1-7.9); <50 vs. >200, MRR=9.6 (95% 
CI, 3.7-25.1)) (Table 3B). 

The Danish HIV Cohort Study (DHCS)
DHCS is a prospective, nationwide, population-based cohort 
study of all HIV-infected individuals treated in Danish HIV clinics 
since 1 January 1995.

Genotyping
We performed genotypic resistance tests for International Aids 
Society (IAS)-USA 2005 primary drug resistance mutations [9] on 
virus from plasma samples taken during a period 1 month before 
to 6 months after the date of TCF.

Statistical methods 
Follow-up began at the date of TCF onset (baseline) and 
continued until death, last clinic visit, or 1 May 2006. We 
computed Kaplan-Meier survival curves for the patients according 
to the main study variables. The relative risk of death associated 
with individual mutations, and the number of mutations (i.e., more 
than vs. fewer than the median) were estimated by Cox 
regression hazard analysis. The influence of the following 
covariates on mortality estimates was evaluated  in bivariate
models, and in a model including them all: CD4 cell count at 
baseline (<50,  50-200,  >200 cells/µL) or time-updated CD4 cell 
count, carrying forward the most recent observation; log10VL at 
baseline (<4, 4-5, >5 copies/mL); gender; age at baseline; being 
antiretroviral drug-naive prior to initiating highly active 
antiretroviral therapy (HAART); and year of TCF onset. The 
influence of individual mutations was not assessed if the mutation 
was present in less than ten percent of the study population. 

Number at risk:
<9 mutations 82 71 48 11 0

≥9 mutations 51 41 24 8 0
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Interpretation

The increased mortality in patients with greater numbers of 
resistance mutations may reflect a direct effect, whereby 
resistance mutations cause lower susceptibility to antiviral drugs 
and lead to faster disease progression. 

However, the T215Y mutation was a predictor of death at all time-
updated CD4 cell count levels and may also be a marker for 
patients who were already immunodeficient in the early 1990s.

Finally, mutations and mortality may be related through another 
unmeasured common cause, such as low compliance to 
treatment regimens.

Conclusion

• In patients with triple-class antiretroviral failure, the total number 
of genotypic resistance mutations and
specific single mutations predict mortality and are associated

with a further decline in CD4 count. 

• The majority of these mutations appear to have accumulated 
during sub-optimal therapies in the 1990s.

• We await the introduction of further drug classes to see whether 
this will eliminate failure-related mortality, or whether we will face 
resistance to five or six drug classes in the future.


