
Results: Demographic & baseline characteristics
●

 

All subjects were men. 98% were men who have sex with men (MSM)
●

 

All subjects acquired HIV-1 subtype B infection

Figure: Time to virologic suppression among subjects with/without low-level drug resistance

●

 

89 subjects began ARVs a median of 48 (IQR 24-107) days after HIV-1 infection.
●

 

Median time to virologic suppression (HIV-1 RNA <50 copies/mL) was:
109 (IQR 63-148) days for 59 treated subjects without detectable mutations
104 (IQR 55-162) days for 12 subjects with low-level mutations treated with <3 active ARVs, and 
85 (IQR 56-111) days for 12 subjects with low-level mutations treated with ≥3 active ARVs (p=.7). 
●

 

Compared to subjects without mutations, time to suppression was

 

not significantly different either for 
subjects with low-level mutations treated with <3 active ARVs (aHR

 

1.3, 95% CI 0.6-2.9, p=.4) or subjects with 
low-level mutations treated with ≥3 active ARVs (aHR

 

1.1, 95% CI 0.6-2.1, p=.7). 
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Abstract:
Objectives: Evaluate the prevalence and impact of transmitted low-level HIV-1 drug resistance detected by the oligonucleotide ligation assay

 

(OLA, 
sensitivity=5%) but not by consensus sequencing (CS) in subjects

 

infected with HIV-1 after 1996.
Methods: We performed CS and OLA on the first available plasma and PBMC

 

specimens from subjects in an observational cohort at the University of 
Washington Primary Infection Clinic. OLA assessed mutations in reverse transcriptase (K65R, K70R, L74V, M184V, T215F/Y, K103N, Y181C, and G190A) 
and protease (D30N, I50V, V82S/A/T, I84V, N88D, and L90M). We compared the number of subjects with resistance detected by each method by McNemar 
exact tests. The Stanford University HIV Drug Resistance Database was used to predict the impact of mutations on antiretroviral (ARV) activity. Survival 
analyses evaluated the time to HIV-1 RNA <50 copies/mL among a subset of subjects treated with ARVs

 

and were adjusted for HIV-1 RNA levels at start of 
ARVs.
Results: Specimens from 99 subjects were obtained a median of 30 days after the estimated date of HIV-1 infection. CS detected resistance in 5 subjects, and 
OLA detected low-level mutations in 28 additional subjects. Compared to CS, OLA detected more subjects with mutations in plasma (p<.0001) and PBMCs 
(p=.0003). 89 (92%) of 97 subjects began ARVs a median of 48 (IQR 24-107) days after infection. Median time to HIV-1 RNA <50 copies/mL was 109 (IQR 
63-148) days for 59 subjects without mutations, 104 (IQR 55-162) days for 12 subjects with low-level mutations treated with <3 active ARVs, and 85 (IQR 56-

 

111) days for 12 subjects with low-level mutations treated with ≥3 active ARVs (p=.7). Compared to subjects without mutations, adjusted hazard ratios for time 
to HIV-1 RNA <50 copies/mL were 1.3 (95% CI 0.6-2.9, p=.4) for subjects with low-level mutations treated with <3 active ARVs and 1.1 (95% CI 0.6-2.1, 
p=.7) for subjects with low-level mutations treated with ≥3 active ARVs. Only four subjects experienced virologic failure during follow-up.
Conclusions: CS underestimated the prevalence of transmitted HIV-1 drug resistance in ARV-naïve subjects with primary HIV-1 infection. In this pilot project, 
we found no association between low-level mutations and delayed time to HIV-1 RNA <50 copies/mL, possibly due to the small sample size. With

 

advances in 
ARV potency, it is also possible that low-level resistance mutations are only clinically relevant at critical codons.

Introduction:
●

 

Surveys in US using consensus sequencing (CS) estimate 11-24% of persons acquire drug resistant virus.  
●

 

Consensus sequencing cannot detect viral variants <10-50% of the viral population.
●

 

More-sensitive assays detect mutations at low concentrations ("low-level" mutations) in up to 47% of antiretroviral 
(ARV)-naïve subjects.  
●

 

Impact of minority variants on HIV-1 disease progression and response to ARVs remains unclear. 
●

 

The oligonucleotide ligation assay (OLA) detects mutations in as little as 2-5% of the viral quasi-species.  

Methods: Resistance Testing (continued)
Oligonucleotide Ligation Assay (OLA)
●

 

RT (K65R, K70R, L74V, M184V, T215F/Y, K103N, Y181C, G190A) 
PR (D30N, I50V, V82S/A/T, I84V, N88D, and L90M).
●

 

Samples and controls analyzed in duplicate.
●

 

Mutant present if mean optical density (OD) at 490nm > OD for the 5% mutant control. 
If this requirement was met, but the OD was less than 0.2, the sample was retested.
If the retested sample > OD for the 5% mutant, the specimen was

 

classified as mutant.

Conclusions:
1) Transmitted drug resistance was detected in 33% of ARV-naïve subjects with primary HIV-1 infection.
2) Consensus sequencing signficantly underestimated the prevalence

 

of drug resistance.
3) We found no association between low-level mutations and delayed time to HIV-1 RNA <50 copies/mL.
4)

 

Impact of transmitted drug resistance may not be uniform and could be modified by level of resistance, use of 
specific ARVs, or other factors.

Limitations:
●

 

Only 4 subjects were observed to have virologic failure.
●

 

Study was underpowered to detect differences in clinical outcomes or impact of specific mutations.
●

 

OLA may not have detected mutations that may have been present at even lower levels.
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Purpose/Goals:
●

 

Evaluate prevalence of mutations detected by CS and OLA in subjects with primary HIV-1 infection.
●

 

Evaluate impact of minority variants on ARV therapy.

Contact Information:
Joanne Stekler, MD, MPH
Box 359931, Harborview Medical  Center
325 Ninth Avenue, Seattle,  WA   98104
Phone: (206) 744-8312, Fax: (206) 744-5109
Email: jstekler@u.washington.edu

Methods: Patient Population:
●

 

Since 1992, >300 enrollees in observational cohort at the University of Washington Primary Infection Clinic (PIC).
●

 

Selected a subgroup of 99 subjects who had primary HIV-1 infection, met criteria for enrollment in the PIC, and 
acquired HIV-1 after 1996 and who: 

1) enrolled within one month of HIV-1 infection, or
2) had baseline consensus sequencing previously performed, or
3) initiated ARV therapy within 6 months of study enrollment.  
●

 

Resistance testing was performed on the first available plasma and peripheral blood mononuclear cell (PBMC) 
specimens collected no more than 7 days after start of ARVs. 

●

 

Approved by University of Washington Institutional Review Board. All subjects gave written consent.

Methods: Statistical Analysis
●

 

McNemar's exact tests compared number of subjects with mutations detected by OLA and consensus sequencing in plasma and in PBMCs.  
●

 

Survival analyses compared the time to virologic suppression (defined as HIV-1 RNA <50 copies/mL), adjusted for HIV-1 RNA level at start of ARVs. 
●

 

Stanford University HIV Drug Resistance Database used to predict number of active agents (without intermediate or high-level resistance) in the regimen.  
●

 

Subjects were divided into three groups: 
1) Subjects without detectable HIV-1 drug resistance mutations, 
2) Subjects with low-level mutations who were treated with ARV regimens with fewer than three active ARV agents, and 
3) Subjects with low-level mutations who were treated with ARV regimens with three or

 

more active agents. 

Table: Drug resistance mutations detected and their impact on ARVs

VF: virologic failure; NA: not applicable (subjects did not initiate ARVs); DNS: subjects discontinued ARVs (eg

 

due to ABC HSR) or were censored prior to virologic suppression
No subjects had the L74V, T215F, D30N, or V82S mutations. 

No mutations

(n=66)

Low-level 
mutations only
(n=28)

Mutations by 
CS 
(n=5)

All subjects      

(n=99)

Age (Median, IQR) 35 (31-39) 34 (29-42) 33 (32-41) 34 (30-40) NS

Caucasian 91% 96% 100% 93% NS

Days from infection to 
study screening

22 (13-56) 29 (23-59) 54 (34-80) 27 (15-63) p=.07

Screening CD4 508 (392-694) 507 (389-697) 421 (396-550) 504 (393-694) NS

Screening HIV RNA 5.3 (4.5-6.2) 5.1 (4.6-5.5) 5.2 (5.0-6.0) 5.2 (4.5-6.0) NS

Received ART 88% 82% 100% 87% NS

Initial regimen
PI
NNRTI
PI/NNRTI
NRTI only

25 (43%)
20 (34%)
12 (21%)
1 (2%)

7 (30%)
11 (48%)
4 (17%)
1 (2%)

2 (40%)
2 (40%)
1 (20%)
0

34 (40%)
33 (38%)
17 (20%)
2 (2%)

NS

Results: Prevalence of transmitted drug resistance
●

 

Plasma and PBMC specimens from median of 29 (IQR 19-66) and 31 (IQR 
19-66) days after HIV-1 infection.

●

 

CS detected mutations in 5 (5%) subjects
●

 

OLA detected mutations in 33 (33%) subjects.
●

 

No trend in incidence of transmitted drug resistance over time.

Table: Number of subjects with mutations detected

OLA versus CS in plasma

p<.0001 OLA

- +

CS - 73 22

+ 0 4

OLA versus CS in PBMCs

p=.0003 OLA

- +

CS - 78 16

+ 1 4

NRTI NNRTI PI
CS K65R K70R M184V T215Y K103N Y181C G190A I50V V82A V82T I84V N88D L90M Initial ARVs #Active ARVs Days to VL<50 VF

Subjects 
with 

mutations 
detected by 

CS

M184V DNA RNA ABC, 3TC, EFV 2 27

G190A DNA/RNA mega->ABC, 3TC, NVP 4->2 57 yes

G190A DNA DNA DNA DNA/RNA DNA DNA AZT, 3TC, RTV-LPV 1 87
M41L, 
T215D RNA 3TC, d4T, IDV, HU 2* 176

T215D, 
L90M DNA/RNA TDF, FTC, EFV 3 216

Untreated 
subjects

RNA

RNA

DNA

Subjects 
with low-

 

level 
mutations 

and ≥3 
active ARV 

agents in 
regi

 

men

RNA ABC, 3TC, EFV, IDV* 3 15

RNA ABC, 3TC, EFV 3 55
RNA AZT, 3TC, RTV-LPV 3 56

RNA ABC, 3TC, EFV, IDV 4 81
RNA ABC, 3TC, EFV, IDV 3 84

RNA ABC, 3TC, EFV 3 85
DNA ABC, 3TC, RTV-IDV 3 104

RNA RNA DNA ABC, 3TC, EFV 3 109
DNA/RNA ABC, 3TC, EFV, IDV 3 111

RNA ABC, 3TC, RTV-LPV 3 147
DNA TDF, 3TC, RTV-LPV 3 181

DNA ABC, 3TC, EFV 3 266

Subjects 
with low-

 

level 
mutations 

and <3 
active ARV 

agents in 
regi

 

men

DNA ABC, 3TC, EFV 1 28
RNA ABC, 3TC, EFV 2 29
DNA ABC, 3TC, EFV 1 55
DNA DNA DNA ABC, 3TC, EFV 0 56

DNA RNA ABC, 3TC, EFV 2 60

DNA RNA ABC, 3TC, RTV-IDV 1 104

DNA/RNA DNA DNA/RNA DNA/RNA 3TC, d4T, NVP 2 162

RNA RNA ABC, 3TC, RTV-IDV 2 165

DNA RNA ABC, AZT, 3TC 2 DNS yes
DNA/RNA ABC, 3TC, EFV 2 DNS

DNA/RNA ABC, 3TC, RTV-IDV 2 DNS
RNA RNA RNA RNA DNA RNA RNA TDF, 3TC, RTV-ATZ 1 DNS

RNA AZT, 3TC, NVP 2 DNS

EXAMPLE: Detecting K103N 
Mutation = change from AAA (K=lysine) to AAC (N=asparagine)

PROBES

 

5'

 

3'
common:

 

AAA-TCA-GTA-ACA-GTA-CTG-GAT-GTG-GGT-Biotin 
WT:      D-AC-ATC-CCG-CAG-GGT-TAA-AAA-AAG-AAA 
Mutant: F-AC-ATC-CCG-CAG-GGT-TAA-AAA-AAG-AAC

F-AC-ATC-CCG-CAG-GGT-TAA-AAA-AAG-AAC  AAA-TCA-GTA-ACA-GTA-CTG-GAT-GTG-GGT -Biotin 
 

…TG-TAG-GGC-GTC-CCA-ATT-TTT- TTC- TTG - TTT -AGT-CAT- TGT-CAT-GAC-CTA-CAC-CCA…

F-AC-ATC-CCG-CAG-GGT-TAA-AAA-AAG-AAC - AAA-TCA-GTA-ACA-GTA-CTG-GAT-GTG-GGT -Biotin 
…TG-TAG-GGC-GTC-CCA-ATT-TTT- TTC- TTG - TTT -AGT-CAT- TGT-CAT-GAC-CTA-CAC-CCA…

Methods: Resistance Testing 
RT-PCR and PCR for genotyping of HIV-1 pol
●

 

RNA extracted and reverse transcribed using GeneAmp

 

RNA PCR Core kit. 
●

 

DNA extracted from PBMCs using Puregene

 

Cell and Tissue kit.  
●

 

Nested PCR: 1st-round PCR of cDNA

 

or DNA in 50 μl

 

reaction mixture with 10 μl of cDNA/1 μg

 

DNA. 2nd-round 
PCR contained 2μl 1st-round product.  
●

 

Amplicon

 

= 1,193-bp DNA fragment encoding all of PR and RT to amino acid 220.  

Consensus sequencing
●

 

Bidirectional sequencing of amplicons

 

performed using fluorescence-labeled dideoxynucleotide chain terminators.
●

 

Sequences analyzed with Sequencher, version 3.0. Genotypes were aligned in ClustalX

 

and Stanford University HIV 
Drug Resistance Database used to identify mutations.

ELISA - based Oligo Ligation Assay (OLA)
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