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Introduction
In a small proportion (up to 5-10%) of 
HIV-1 infected individuals immuno-
deficiency progresses slowly. These 
patients have CD4+ T cell counts of 
>500 cells/µl and some, known as “elite 
controllers,” have very low plasma HIV-
1 RNA levels, often undetectable by 
standard assays. In the present study, we 
used a real time RT-PCR assay with 
single copy sensitivity to quantify and 
compare plasma HIV-1 RNA levels in 
elite controllers to those in patients with 
<50copies/ml on suppressive anti-
retroviral therapy.

•As with patients on suppressive antiretroviral therapy, 
the majority of patients classified as elite controllers 
have low-level viremia. 
•The levels of viremia below 50 copies/ml trended 
higher for elite controllers compared to those in persons 
on suppressive therapy. 
•The mechanisms involved in the virus suppression in 
elite controllers remain to be elucidated.

Real Time PCR for HIV-1 RNA

Viremia was detected in 75% of the 
samples from both elite controllers 
(ranging from 1-614 copies/ml) and 
patients on suppressive therapy 
(ranging from 1-43 copies/ml). The 
median HIV-1 RNA value for the 
elite controllers and treated patients 
(irrespective of their treatment 
regimens) was  6.2 and 3.0 
copies/ml, respectively (p= 0.001, 
one-way ANOVA), and the overall 
distribution of HIV RNA levels was 
also significantly different (p= 
0.013, Kolmogorov-Smirnov test). 
Testing of longitudinal samples (2 –
3 samples/patient) from five elite 
controllers showed spontaneous 
changes in viremia of 2-5 fold.  

HIV-1 virions from the Virology Quality Assurance (VQA) laboratory (Rush-
Presbyterian-St. Luke’s MC, Chi., IL) were serially diluted and assayed using standard
Amplicor Ultrasensitive or  our Single Copy Assay (SCA). As expected, the Amplicor
assay did not reliably detect HIV-1 below 50 c/ml.  In contrast, the SCA reliably and 
precisely  detects HIV-1 with single copy sensitivity.  No false positive results with this 
assay have been obtained; Assay of plasma from 20/ 20 HIV negative patients yielded no 
signal in the SCA.(ND=not done). 

Methods
Plasma samples from 49 elite 
controllers who had three viral RNA 
levels of <50 copies/ml for at least a 
year without treatment were analyzed. 
Their HIV-1 RNA levels were 
compared to samples from 163 
patients suppressed on therapy to <50 
copies/ml for 4 to 333 weeks. Plasma 
samples were spiked with an internal 
virion control (RSV), ultra-
centrifuged, extracted and quantified 
in triplicate using real-time RT-PCR 
(Palmer et al. JCM 2003). Results 
from samples with less than 50% 
recovery of the internal control were 
censored. 

Run 1 Run 2 Run 3 Run 4 Mean SD Run 1 Run 2 Run 3 Run 4 Mean SD Run 1 Run 2 Run 3 Run 4 Mean SD

Predicted 
value 

(C/ml)

Amplicor Ultra-Sensitive Assay Modified Ultra-Sensitive Assay Single Copy Assay

200 173 176 170 127 162 23 190 149 140 199 170 29 187 200 189 232 202 30

100 90 137 150 90 117 31 87 45 107 88 82 26 85 84 75 139 96 29

50 24 70 60 59 53 20 69 27 61 44 50 19 32 33 39 62 42 14

25 31 28 Neg Neg 30 2.1 27 18 28 17 23 5.8 15 25 11 30 20 8.8

12.5 Neg Neg Neg Neg Neg Neg 9 11 15 11 12 2.5 11 8 10 12 10 1.7

6.25 Neg Neg Neg Neg Neg Neg 17 12 5 7 10 5.4 2 9 8 8 6.8 3.2

3.125 Neg Neg Neg Neg Neg Neg 10 Neg Neg Neg 10 0 2 5 4 3 3.5 1.3

1.56 Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 2 1 1 6 2.5 2.4

0.781 Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg ND 0.7 0.4Neg 0.3 1 0.8
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Persistence of Viremia in Elite Controllers
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Patient Timepoint
SCA Result1 
copies/ well 

SCA Result2 
copies/ well 

SCA Result3 
copies/ well NRT

Total mL 
Analyzed

SCA Average 
copies/wellR

esult

SCA 
Average 

Copies/mL

1 8/12/2004 13 30 12 0 1.5 19 71
2nd timepoint 10/19/2006 311 327 396 0 8.3 351 233
3rd timepoint 12/15/2006 86 108 110 0 8 104 72

4th timepoint 2/23/2007 18 28 14 0 8.5 20.0 12.9
5th timepoint 5/4/2007 10 6 6 0 8 7.3 5.0

2 10/23/2006 0 0 0 0 8.5 0 <0.2
2nd timepoint 1/19/2007 0 0 2 0 7.5 1 1

3 11/14/2006 27 52 27 0 8.5 37 24
4 9/13//2006 0 1 0 0 8.5 0 <0.2
5 12/13/2006 19 20 32 0 8.5 25 16

2nd timepoint 1/19/2007 51 45 40 0 8 44 30
3rd timepoint 2/21/2007 15 18 9 0 9 14.0 8.6
4th timepoint 3/8/2007 29 23 24 0 5 25.3 27.9
5th timepoint 3/21/2007 102 55 92 0 8.5 83.0 53.7
6th timepoint 4/4/2007 65 80 135 0 7.5 93.3 68.4
7th timepoint 4/18/2007 32 36 51 0 7.5 39.7 29.1

6 9/7/2006 0 0 0 0 8.5 0 <0.2
7 11/27/2006 6 24 16 1 7 17 13
8 12/12/2006 1023 883 977 0 8.5 949 614
9 9/7/2006 0 0 0 0 9 0 <0.2
10 9/28/2006 5 6 9 2 9 6 4
11 10/3/2006 20 20 11 0 8.5 16 11
12 10/11/2006 63 70 80 0 8.5 73 47
13 10/11/2006 2 12 2 2 8.5 5 3
14 10/17/2006 29 50 48 0 6 45 41
15 10/17/2006 3 1 0 0 8 1 1
16 10/18/2006 1 2 1 0 8 1 1
17 10/18/2006 8 17 8 0 9 12 7
18 11/1/2006 65 64 53 0 8.5 60 39
19 11/2/2006 4 12 7 0 8.5 8 5
20 11/7/2006 6 3 0 0 8.3 2 2
21 11/9/2006 0 0 0 0 8.5 0 <0.2
22 11/9/2006 78 79 58 0 8.5 70 46
23 11/17/2006 15 18 28 0 8.5 21 14
24 11/1/2006 6 9 6 0 8.5 7 5
25 12/13/2006 5 23 10 0 8 14 10
26 12/13/2006 426 469 396 0 7 431 339
27 12/19/2006 33 24 27 2 9 26 17
28 12/19/2006 20 22 21 0 8 21 15
29 12/18/2006 18 7 2 0 8 7 5
30 12/19/2006 228 210 184 0 8 203 140
31 1/9/2007 0 0 0 0 8 0 <0.2
32 1/16/2007 0 0 0 0 8 0 <0.2
33 11/1/2006 0 0 0 0 8.5 0 <0.2
34 9/21/2006 0 3 11 0 8 6 4
35 10/5/2006 0 2 3 0 9 2 1
36 10/19/2006 2 0 0 0 8.5 0.4 0.3
37 12/28/2005 32 32 39 0 4 35 48

2nd timepoint 10/13/2006 111 40 28 0 7 49 39
3rd timepoint 1/22/2007 0 0 2 0 8 0.7 0.5

38 9/6/2006 88 67 50 0 8 64 44
2nd timepoint 12/19/2006 15 15 12 0 8 14 9

39 11/13/2006 0 0 0 0 8.5 0 <0.2
40 11/27/2006 210 207 225 5 8.5 212 137
41 10/3/2006 17 22 21 0 8.5 21 13
42 11/14/2006 20 8 2 0 9 8 5
43 9/7/2006 67 69 101 0 4 81 112
44 9/14/2006 112 171 126 0 4 141 194
45 9/19/2006 7 4 7 0 4 6 8
46 10/3/2006 59 71 49 0 4 60 82
47 9/12/2006 0 0 6 0 4 2 3
48 9/27/2006 0 0 0 0 4 0 <0.4
49 9/27/2006 0 0 0 0 4 0 <0.4
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