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Table I. Demographic and clinical characteristics of the study subjects 

 

 

Overall 

(n = 826) 

Lack of immune 

recovery 

(n = 375) 

Immune 

recovery 

(n = 451) 

 

P value 

 

Demographic and clinical characteristics at baseline 

Gender, n (%) Male 

Female 

577 (69.8) 

249 (30.2) 

271 (72.3) 

104 (27.7) 

306 (67.9) 

145 (32.1) 

 

0.171 

Median age at baseline, years (Q1, Q3) 40 (37, 45) 40 (36, 45) 40 (37, 44) 0.707 

AIDS diagnosis before baseline, n (%)  

24 (2.9) 

 

9 (2.4) 

 

15 (3.3) 

 

0.411 

Median duration of antiretroviral 

treatment, years (Q1, Q3) 

 

4.5 (3.7, 5.5) 

 

4.4 (3.6, 5.4) 

 

4.5 (3.7, 5.6) 

 

0.623 

Median baseline CD4+ count, 

cells/mm3 (Q1, Q3) 

 

358 (211, 524) 

 

418 (257, 593) 

 

310 (195, 454) 

 

<0.0001 

Median baseline HIV-RNA, log10 

copies/ml (Q1, Q3) 

 

3.9 (3.4, 4.5) 

 

3.9 (3.3, 4.6) 

 

3.9 (3.4, 4.5) 

 

0.552 

 

Genotype characteristics at baseline 

    

Year of genotyping, n (%) 

 

2000 

2001 

2002 

2003 

107 (3.0) 

175 (21.2) 

157 (19.0) 

387 (46.9) 

62 (16.5) 

88 (23.5) 

72 (19.2) 

153 (40.8) 

45 (10.0) 

87 (19.3) 

85 (18.9) 

234 (51.9) 

 

0.003 

Median total number of mutations (Q1, 

Q3) 

7 (4, 10) 7 (4, 11) 7 (4, 10) 0.0001 

Presence of at least 1 NRTI mutation, n 

(%) 

 

711 (86.1) 

 

328 (87.5) 

 

383 (84.9) 

 

0.314 

Median number of TAMs (Q1, Q3) 2 (0, 4) 2 (1, 4) 2 (0, 4) 0.392 
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Presence of at least 1 TAM, n (%)  

614 (74.3) 

 

284 (75.7) 

 

330 (73.2) 

 

0.424 

TAMs, n (%)  

None 

Pattern = 1 

Other 

 

212 (25.7) 

361 (43.7) 

253 (30.6) 

 

91 (24.3) 

175 (46.7) 

109 (29.1) 

 

121 (26.8) 

186 (41.2) 

144 (31.9) 

 

 

0.411 

Presence of at least 1 NNRTI mutation, 

n (%) 

 

444 (53.8) 

 

202 (53.9) 

 

242 (53.7) 

 

0.999 

Median number of major PI mutations 

(Q1, Q3) 

1 (0, 2) 1 (0, 2) 1 (0, 2) 0.029 

Presence of at least 1 PI mutation, n 

(%) 

 

460 (55.7) 

 

222 (59.2) 

 

238 (52.8) 

 

0.068 

Median PI genotypic sensitivity score 

 (Q1, Q3) 

7 (5.5, 8) 6.5 (5, 8) 7.5 (5.5, 8) 0.030 

Median NNRTI genotypic sensitivity 

score (Q1, Q3) 

3 (1, 3) 3 (1, 3) 3 (1, 3) 0.690 

Median NRTI genotypic sensitivity 

score (Q1, Q3) 

5 (3, 5) 5 (3, 5) 5 (3, 5.5) 0.387 

 

Follow-up characteristics 

    

Median years of follow-up (Q1, Q3)  

3.1 (3.1, 3.3) 

 

3.1 (3.1, 3.3) 

 

3.1 (3.1, 3.2) 

 

0.021 

Median 3-year HIV-RNA, log10 

copies/ml (Q1, Q3) 

 

2.5 (1.7, 4.1) 

 

3.6 (1.9, 4.5) 

 

1.7 (1.7, 3) 

 

<0.0001 

Median change in HIV-RNA, log10 

copies/ml (Q1, Q3) 

 

-1.2 (-2.1, -0.1) 

 

-0.5 (-1.4, 0.4) 

 

-1.7 (-2.4, -0.7) 

 

<0.0001 

Median viremia detectability ratio (Q1, 

Q3) 

 

0.7 (0.4, 1) 

 

0.9 (0.5, 1) 

 

0.6 (0.3, 0.9) 

 

<0.0001 
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Treatment interruption during follow-up, 

n (%) 

 

160 (19.4) 

 

80 (21.3) 

 

80 (17.7) 

 

0.216 

Change in any antiretroviral drug in the 

3 months following GRT, n (%) 

 

362 (43.8) 

 

153 (40.8) 

 

209 (46.3) 

 

0.121 

Use of a new drug after GRT, n (%) 105 (12.7) 41 (10.9) 64 (14.2) 0.174 

 

 

GSS: genotypic sensitivity score; GRT: genotypic resistance testing; TAM: thymidine analogue 

mutations; NRTI: nucleoside reverse transcriptase inhibitor; NNRTI: non-nucleoside reverse 

transcriptase inhibitor; PI: protease inhibitor. 
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Table II. Univariable and multivariable logistic regression: unadjusted and adjusted odds ratios for lack of immune recovery. 

 Unadjusted 

OR 

95% confidence 

limits 

 

P value 

Adjusted 

OR 

95% confidence 

limits 

 

P value 

Gender                                                           F vs. M 0.810 0.599–1.092 0.169 0.826 0.589–1.156 0.267 

Age (per 5-year increase) 0.999 0.919–1.087 0.988 1.009 0.990–1.029 0.344 

Baseline CD4+ (per 50-cell increase) 1.086 1.054–1.119 <0.0001 1.104 1.069–1.142 <0.0001 

Viremia detectability ratio (per 0.1 increase) 1.129 1.083–1.179 <0.0001 1.145 1.093–1.202 <0.0001 

Year of genotyping  

2000 vs. 2003 

2001 vs. 2003 

2002 vs. 2003 

 

2.107 

1.547 

1.295 

 

1.368–3.268 

1.080–2.218 

0.890–1.883 

0.003 

0.015 

0.049 

0.462 

 

2.619 

1.684 

1.215 

 

1.611–4.300 

1.130–2.515 

0.805–1.829 

0.0007 

0.002 

0.039 

0.129 

PI GSS (per unit increase) 0.925 0.856–0.998 0.046 0.990 0.884–1.110 0.868 

Treatment interruption during follow-up 

Yes vs. no 

 

1.258 

 

0.890–1.776 

 

0.194 

 

1.337 

 

0.917–1.952 

 

0.131 

Change in any antiretroviral drug in the 3 months 

following GRT  

Yes vs. no 

 

 

0.798 

 

 

0.890–1.776 

 

 

0.194 

 

 

0.974 

 

 

0.717–1.323 

 

 

0.865 

Use of a new drug after GRT  

Yes vs. no 

 

0.742 

 

0.486–1.124 

 

0.163 

 

0.714 

 

0.430–1.175 

 

0.188 
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L10I  

Yes vs. no 

 

1.238 

 

0.922–1.661 

 

0.157 

 

0.981 

 

0.668–1.438 

 

0.922 

I54V  

Yes vs. no 

 

1.600 

 

1.124–2.288 

 

0.009 

 

1.366 

 

0.826–2.264 

 

0.224 

V82A  

Yes vs. no 

 

1.629 

 

1.143–2.331 

 

0.007 

 

1.148 

 

0.712–1.855 

 

0.572 

T69D  

Yes vs. no 

 

1.379 

 

0.855–2.232 

 

0.187 

 

1.195 

 

0.713–2.007 

 

0.498 

A98G  

Yes vs. no 

 

1.490 

 

0.854–2.625 

 

0.161 

 

1.517 

 

0.838–2.768 

 

0.170 

M184V  

Yes vs. no 

 

1.261 

 

0.959–1.661 

 

0.097 

 

1.311 

 

0.972–1.770 

 

0.076 

 

GSS: genotypic sensitivity score; GRT: genotypic resistance testing; PI: protease inhibitor. 
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Drug resistance mutations at baseline by antiretroviral class in patients showing immune recovery 
(IR) or lack of immune recovery (LIR). By univariable analysis, the presence at baseline of the I54V 
mutation (OR: 1.6; 95% CI: 1.124–2.288) and the V82A mutation (OR: 1.629; 95% CI: 1.143–

2.331) was associated with increased odds of lack of immune recovery.  
172x214mm (600 x 600 DPI)  
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ABSTRACT 

An investigation was undertaken to determine whether specific pol mutations hinder 

long-term immune recovery regardless of virological response. In total, 826 patients 

with >50 HIV RNA copies/mL, who underwent genotypic resistance testing between 1 

January 2000 and 31 December 2003 after >3 years of antiretroviral treatment, and were 

followed up for >3 years after genotypic resistance testing, were analyzed 

retrospectively. The outcome of the study was the lack of immune recovery after >3 

years of follow-up, defined as a slope by linear regression <0. The viremia detectability 

ratio was defined as the number of HIV RNA values of >50 copies/mL divided by the 

number of HIV RNA measurements during follow-up. Logistic regression was used for 

univariable and multivariable analysis. Median (Q1, Q3) values at baseline were the 

following: age 40 (37, 45) years, years on antiretroviral therapy 4.45 (3.65, 5.47), HIV 

RNA 3.91 (3.39, 4.53) log10 copies/mL, CD4+ T-cell 358 (211, 524)/µL. After 3.13 

years of follow-up, 375 patients (45.4%) showed a lack of immune recovery. The risk of 

lack of immune recovery increased independently with increasing baseline CD4+ 

counts (OR = 1.104 per 50-cell increase, 95% CI = 1.069–1.142, p < 0.0001), increasing 

viremia detectability ratio during follow-up (OR = 1.145 per 0.1-unit increase, 95% CI 

= 1.093–1.202, p < 0.0001), and with earlier calendar years of resistance testing (overall 

effect: p = 0.0007). In conclusion, no pol mutation is associated independently with the 

lack of immune recovery. 

 

KEY WORDS: CD4+ T-lymphocytes; drug resistance; resistance to protease 

inhibitors; resistance to nucleoside reverse transcriptase inhibitors; resistance to non-

nucleoside reverse transcriptase inhibitors. 
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INTRODUCTION 

Extensive antiretroviral resistance is associated with a blunted virological response to 

subsequent regimens; in particular, there is a gradient of response depending on the 

number of active drugs, with greater efficacy being found in the patients who receive 

more active drugs (Hicks et al., 2006; Clotet et al., 2007; Lazzarin et al., 2007; Madruga 

et al., 2007; Fätkenheuer et al., 2008; Cooper et al., 2008). 

It has been shown that extensive resistance to nucleoside reverse transcriptase inhibitors 

(NRTIs), non-NRTIs (NNRTIs), and protease inhibitors (PIs) increases the risk of 

progression to AIDS or death (Ormaasen et al., 2004; Hogg et al., 2006; Zaccarelli et 

al., 2007; Lohse et al., 2007), and that there are associations between clinical 

progression and single pol mutations (De Luca et al., 2006; Zaccarelli et al., 2007). One 

possible reason for these findings is that extensive drug resistance and some mutations 

in particular hamper the virological efficacy of subsequent regimens, thus leading to a 

weaker immune response and increasing eventually the rate of disease progression. 

However, this view has been challenged by one study (Lohse et al., 2007) that found 

mortality to be independent of CD4+ values at the time of death. 

The relationship between the degree of drug resistance (or the number of active drugs) 

and the extent of immune recovery after the failure of an antiretroviral regimen has not 

been investigated, and it is not known whether specific pol mutations can hinder long-

term immune recovery regardless of the virological efficacy of new antiretroviral 

regimens after drug failure. 

This study was aimed at identifying the predictors of a lack of immune recovery in this 

clinical setting and at investigating whether specific pol mutations or their combinations 

may be associated independently with hindered immune reconstitution. 
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METHODS 

The Antiretroviral Resistance Cohort Analysis (ARCA) database is a public database 

that has been developed as a means of investigating resistance to antiretroviral drugs, 

and contains data concerning the patients’ treatment, longitudinally collected CD4+ cell 

counts, plasma HIV-RNA measurements, and HIV sequences. The data are provided by 

the individual centres, and descriptive statistics can be consulted in the public access 

area of the database at www.hivarca.net. 

For the purposes of this retrospective study, we considered all of the HIV-infected 

patients in the database with >50 HIV RNA copies/ml while on antiretroviral treatment 

(ART), who underwent genotypic resistance testing (GRT) between 1 January 2000 and 

31 December 2003 after at least three years of ART, and who were followed up for at 

least three years after GRT. The date of the GRT was considered the study baseline, and 

baseline values were those recorded on the date nearest to the GRT, provided that this 

was within the 120 days preceding it; the end-of-follow-up values were those closest to 

three years after GRT. 

HIV genotypes were assessed at each centre on the basis of local procedures and 

checked for consistency upon sequence uploading into the ARCA database, which 

stores the sequences and automatically extracts the mutations with respect to HIV-1 

consensus B using a built-in local alignment script based on ClustalW. PI mutations 

were defined as major or minor according to the IAS list (Johnson et al., 2009), and 

thymidine analogue mutations (TAMs) were profiled as previously described (De Luca 

et al., 2006). Genotypic sensitivity scores (GSSs) were calculated as the number of 

active drugs according to the ANRS version 18 algorithm 
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(http://www.hivfrenchresistance.org/) from among zidovudine, didanosine, stavudine, 

lamivudine, abacavir, tenofovir, emtricitabine, nevirapine, efavirenz, etravirine, 

ritonavir, indinavir, nelfinavir, saquinavir/ritonavir, amprenavir/ritonavir, 

lopinavir/ritonavir, atazanavir/ritonavir, tipranavir/ritonavir, and darunavir/ritonavir.  

 

Statistical analysis 

The continuous variables were described by means of median values and quartiles (Q1, 

Q3) or frequencies (%), as appropriate.  

The study outcome was immune recovery, stratified as immune recovery or a lack of 

immune recovery after at least 3 years of follow-up. All of the available CD4+ values, 

obtained between baseline and the end of follow-up, were retained and used in the 

univariable linear regression to estimate the mean change (slope) in CD4+ values within 

each study patient. Lack of immune recovery was defined as a mean change in CD4+ 

count during follow-up of ≤0 (slope ≤0); conversely, immune recovery was defined as a 

mean change in CD4+ count during follow-up of >0 (slope >0). Univariable linear 

regression was also applied to HIV RNA values. 

The viremia detectability ratio was calculated as the number of HIV RNA values of >50 

copies/mL divided by the number of HIV-RNA values measured during follow-up. 

The characteristics of the subjects with lack of immune recovery or immune recovery 

were compared using Wilcoxon’s rank-sum test and the chi-square test. 

Logistic regression was used for the univariable and multivariable analyses to study the 

associations between the risk (odds ratio) of lack of immune recovery and the 

demographic, clinical, and genotypic parameters. Univariable logistic regression was 

used for all of the clinical and demographic characteristics considered in the study and 

Page 13 of 29

John Wiley & Sons

Journal of Medical Virology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

http://www.hivfrenchresistance.org/


For Peer Review

 

 

7 

the individual pol mutations observed in at least 5% of the patients. The multivariable 

model included only those mutations and patient characteristics associated with the lack 

of immune recovery in the univariable logistic regression at a level of p < 0.2, with the 

exception of age and gender, which were retained as fixed covariates. The odds ratios 

(OR) and corresponding 95% confidence intervals were calculated to estimate the risk 

of lack of immune recovery.  

All of the statistical tests were two-sided at the 5% level and were made using SAS 

Software (release 9.1; SAS Institute).  

 

RESULTS 

A total of 826 patients fulfilled all of the inclusion criteria and entered the study. Table I 

shows their baseline demographic and clinical characteristics in detail, grouped on the 

basis of their immune recovery status (lack of immune recovery vs. immune recovery). 

The drugs used most frequently for genotyping were lamivudine (797; 96.5%), 

zidovudine (782; 94.7%), stavudine (723; 87.5%), didanosine (657; 79.5%), indinavir 

(560; 67.8%), saquinavir (479; 58.0%), and nelfinavir (403; 48.8%). Tenofovir was 

used more frequently among patients who showed immune recovery in the next three 

years of follow-up (p = 0.02); statistically significant differences were not observed 

with regard to other drugs. 

Figure 1 illustrates the proportion of patients with individual pol mutations (excluding 

those observed in fewer than 5%, which were not considered in the analysis). Forty-

seven patients (5.7%) had no pol mutations at baseline. 
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During follow-up, there was no statistically significant difference in the drugs 

prescribed, except for atazanavir, which was included more frequently (p = 0.002) in the 

regimens received by patients with immune recovery. 

After 3.13 years of follow-up, the overall mean (SE) slope in CD4+ cell count was 7.90 

(1.85) cells per year of follow-up (lack of immune recovery: -33.2 (1.67); immune 

recovery: 42.1 (1.97); p < 0.0001), and the mean (SE) slope in HIV RNA levels was -

0.18 (0.01) log10 copies/ml per year (lack of immune recovery: -0.06 (0.02); immune 

recovery: -0.28 (0.01); p < 0.0001). Overall, 375 patients (45.4%) showed lack of 

immune recovery. The median (Q1, Q3) CD4+ count at the end of follow-up was 377 

(232, 561) cells/µL (lack of immune recovery: 322 (177, 503); immune recovery: 411 

(277, 613); p < 0.0001). The virological outcome at the end of follow-up is shown in 

Table I. 

Table II shows the results of the univariable and multivariable logistic regression. By 

multivariable analysis, the risk of lack of immune recovery increased with increasing 

baseline CD4+ cell count (OR = 1.104 per 50-cell increase, 95% CI = 1.069–1.142, p < 

0.0001) and increasing viremia detectability ratio during follow-up (OR = 1.145 per 0.1 

increase, 95% CI = 1.093–1.202, p < 0.0001). In addition, the odds of lack of immune 

recovery decreased with decreasing calendar year of genotyping (overall effect: p = 

0.0007).  

None of the resistance mutations included in the multivariable model resulted in an 

increase or decrease in the odds of lack of immune recovery. 
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DISCUSSION 

If specific pol mutations were able to hinder immune recovery in HIV-infected patients 

failing antiretroviral therapy, it would be wise (when possible) to avoid the use of drugs 

selecting preferentially these mutations. The present analysis did not detect any pol 

mutation that predicted a long-term lack of immune recovery regardless of virological 

response to the regimens that the patients received after GRT: this implies that, in terms 

of the risk of lack of immune recovery, there should be no reason to prefer one PI rather 

than another or one RTI rather than another. 

The results of the present study also suggest that, in patients harbouring drug-resistant 

HIV variants, disease progression is not just a direct consequence of hindered immune 

recovery following subsequent regimens or of the pol mutations selected at failure, but 

the result of a complex interplay between various factors (including virological and 

immunological factors as well as adherence to treatment after GRT).  

Immune recovery after treatment failure was predicted independently by the ability of 

the new regimen(s) to suppress viremia, baseline CD4+ cell counts, and the year of HIV 

genotyping. These factors seem thus to be more important than individual mutations 

selected by the failing regimen in driving immune recovery during the next years of 

therapy. 

A gradient of immune responses relating to the degree of virological response was 

observed previously (Wood et al., 2000). The viremia detectability ratio has been used 

to measure virological responses to the regimens prescribed after GRT because it was 

believed that, unlike point observations, this could provide detailed information 

concerning the cumulative exposure to HIV throughout the follow-up. A positive 

association between the viremia detectability ratio and lack of immune recovery is also 
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consistent with the results of clinical trials showing that virological and immune 

responses are related directly in treatment-experienced patients (Lalezari et al., 2003; 

Lazzarin et al., 2003; Hicks et al., 2006; Clotet et al., 2007; Lazzarin et al., 2007; 

Fätkenheuer et al., 2008; Gulick et al., 2008; Steigbigel et al., 2008). Furthermore, these 

findings also underline the importance of pursuing the goal of HIV RNA values of <50 

copies/mL also in this clinical setting (Hammer et al., 2008). 

The M184V mutation was not associated with immune recovery: one hypothesis it that 

this mutation slows the CD4+ cell loss as compared to treatment interruption (Castagna 

et al., 2006), but it does not necessarily favour immune recovery when antiretroviral 

therapy is continued (Fox et al., 2006). 

Year of genotyping was another independent predictor of lack of immune recovery: this 

likely reflects the improved ability of interpreting genotypic drug-resistance testing and 

constructing more effective new regimens after treatment failure in more recent years. 

In addition to those typical of all retrospective analyses, the present study has some 

specific limitations. Patients who were lost to follow-up or who died during the 3-year 

follow-up period were excluded from the analysis. It is possible that they had the worst 

immune response, but this analysis was aimed at studying the association between pol 

mutations and long-term immune responses rather than the rate of clinical progression. 

Another limitation is the fact that data concerning adherence to therapy before and after 

study entry were not uniformly collected: poor adherence is a relevant predictor of lack 

of immune recovery (Gazzola et al., 2009), and so it is likely that patients with lower 

viremia detectability ratios were those more adherent to treatment. 

In conclusion, no pol mutation was associated with a lack of immune recovery in 

viremic patients who underwent GRT and were followed up for at least three years, 
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regardless of the virological outcome of their subsequent regimens. Lack of immune 

recovery was independently predicted by CD4+ cell counts at the time of failure of the 

previous regimen, the viremia detectability ratio during follow-up, and the year of HIV 

genotyping. Gaining knowledge of the role of these virus- and patient-related factors 

may help to optimise immune recovery in patients harbouring drug-resistant HIV 

variants. 
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FIGURE TITLES AND LEGENDS 

Figure 1. Drug resistance mutations at baseline by antiretroviral class in patients 

showing immune recovery (IR) or lack of immune recovery (LIR). By univariable 

analysis, the presence at baseline of the I54V mutation (OR: 1.6; 95% CI: 1.124–2.288) 

and the V82A mutation (OR: 1.629; 95% CI: 1.143–2.331) was associated with 

increased odds of lack of immune recovery. 
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