CHAPTERV
RESULTS

Part | Development of the HIV-1 integrase RNA templates to generate the standard
curve and positive control.

An important issue of in-house HIV-RNA quantitative is a reliable standard curve.
Standard HIV-1 RNA was produced by cloning of whole HIV-1 integrase gene into pCl
plasmid vector with T7 transcription site. The pCI-HIV-1 integrase plasmids were then
transcripted to 386 bp RNA which was later used as standard HIV-RNA. The standard
HIV-RNA was quantitated by RiboGreen RNA Quantitation Assay. (Molecular Probe,
Roche Molecular System, Inc. Branchburg, NJ, USA.) The purity of HIV-1 integrase RNA
template was obtained as shown in Figure 11 PCR without reverse transcription step was
also tested to ensure complete of DNase digestion (Figure 12).

PART 11 Development of One-Step RT Real-time PCR for Quantification of HIV-1
integrase RNA.

To get the best efficiency of the One-Step RT Real-Time PCR assay, different
primer and probe concentrations and hybridization temperatures were evaluated. The most
optimized and cost-effective "parameters were obtained as described in the material and
methods section. The concentration of HIV-1 integrase RNA was quantified by RiboGreen
RNA Quantitation Assay. The HIV-1 integrase RNA construct was diluted 10- fold serially
at 5x105 5x104, 5x103 5x102and 50 copies/reaction and used for generating an external
standard curve at each run. The amplification plots of a 10-fold serially diluted calibrator
HIV-RNA is shown in Figure 13a. A regression curve obtained term the threshold cycle
(Ct) values versus logio concentrations of a standard HIV-1 integrase RNA plot has showed
a highly correlation ( r2 = 0.97, efficiency = 89% ) (Figure 13b). The percent amplification
efficiency was calculated using this formula; (10( 2dgz-1) XIO0,
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Figure 11 High quality of transcripted 386 bp HIV-1 integrase RNA was obtained to be
used for the standard curve generation when performing the real-time PCR assay.
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Figure 12 The result confirmed that there was no DNA contamination in the in
vitro transcripted HIV-1 integrase RNA. As seen by only lane 3 of which DNase pretreated
sample when RT-PCR was performed, showed a positive 111 bp of RT-PCR product. In
contrast in lane 4 of which direct PCR without RT step was done, there was no the product
observed.
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Figure 13: (2) Amplification plot of 10-fold serial dilutions of the transcripted
HIV-1 integrase RNA as a standard curve for HIV-1 RNA measurement by One-Step RT
Real-Time PCR. The amounts of input RNA were 5x105 5x104, 5x103 5x102and 50
copies/reaction. (b)The standard curve was expressed as Ct value versus viral RNA
copies/reaction as described in the material and methods.
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PART 111 Assay validation
Analytical specificity, sensitivity and reproducibility.

To test the specificity of the assay, 25 HIV-1 negative plasma samples were tested.
The result was shown in Table 6. Three of 25 samples were positive by One- Step RT
Real-Time PCR. The viral load results are 11,826, 2,774 and 468 copies/ml. All of these
samples were repeated, 1 sample still showed a result with HIV-1 RNA viral load is 462
copies/ml. A conventional multiplex nested PCR in gag and pol region had shown a
negative result.

To evaluate the sensitivity of the assay, several serial dilutions of the HIV-
RNA standard starting from 5x105to 5 copies/ml were tested. When 5 copies of RNA was
introduced into the reaction, the detection failed in most case whereas 4 out 5 (80%) of 50
copies/ml were positive and 500 copies/ml were always detectable (100%).(Table 8)

In order to exclude the possible presence of residual PCR inhibitor after extraction,
10-fold serially dilutions of HIV-liit (obtained from MT4iiib cell lines) spiked in HIV-
negative plasma from 5*105to 50 copies/ml were tested. Three out of 4 (75%) of 50
copies/ml were positives and 500 copies/ml were always detectable (100%). Hence the
detection limit of our technique was set at 500 copies/ml. (Table 9)

To evaluate the variability between different runs. The reproducibility of the
technique both intra-assay and inter-assay variations were performed. The intra-assay
coefficient of variation was evaluated by testing 10 replicates of 5 different dilutions of
HIV-RNA standard between 5x105to 50 copies/ml each repeated 5 times. Intra-assay
coefficients of variation are presented in Table 7. The coefficient of variation (CV) of
was < 5% for all of the standard HIV-1 RNA dilutions tested. The inter-assay
reproducibility was obtained five different experiments. The results are shown in Table 8
indicating the CV of < 6% for all of the standard HIV-RNA dilutions. The reproducibility
of the assay was also analyzed using 4 replicates of 5 different dilutions of HIV-Lus Spiked
in HIV-negative plasma varying between 5x105to 50 copies/ml. The assay was repeated 2
times. The results are shown in Table 9 and Table 10. The coefficient of variation (CV) of
Ct was < 7% for all of the dilutions tested.
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Table 6 Viral load of 25 HIV-1 negative samples.

Patient ~ One-Step RT Real-Time PCR  HIV-1 antibody3

Ik 2r
1 <50 <50 Negative
2 <50 <50 Negative
3 <50 <50 Negative
4 <50 <50 Negative
5 11,826 <50 Negative
6 <50 <50 Negative
! <50 <50 Negative
8 <50 <50 Negative
9 <50 <50 Negative
10 2,174 <50 Negative
1 <50 <50 Negative
12 <50 <50 Negative
13 <50 <50 Negative
14 463 462’ Negative
15- <50 <50 Negative
16 <50 <50 Negative
17 <50 <50 Negative
18 <50 <50 Negative
19 <50 <50 Negative
20 <50 <50 Negative
2 <50 <50 Negative
22 <50 <50 Negative
23 <50 <50 Negative
24 <50 <50 Negative
25 <50 <50 Negative

a The test were performed at the Anonymous Clinic, hai Red Cross AIDS Research
centre.

*Negative by conventional RT-PCR
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Table 7 Comparison of the threshold cycle (Ct) values of standard curves and the results of

Intra- -aSSay analyses.
tralrQS\c/HrR(%ed
HIV.
m}_\gmse 1 5
(cogies/ml)
50000 1809 1766
5000 2099 2113
5,000 2491 244
500 2662 2631
50 2041 2963

3

1803
2107
2445
26.62
29.16

4

1803
2104
2411
26.72
328

Replicate

5

1805
2115
2421
2639
313

6

1805
2115
2439
2311

NA

7

178
21.06
p
26.96
NA

8

1801
2124
2455
K17

NA

9

10

1807 1786
241 217
045 2425

NA
NA

NA
NA

Mean

1791
21.19
24.38
2602
3046

NA: not applicable; S.D: standard deviation; cv.: coefficient of variation

S.D.

0.15
021
0.5
118
1%

Y%cv

082
100
103
457
ol

Table 8 Comparisons of the threshold cycle (Ct) values of standard curves and the results

of inter-assay analyses.

In vitro
transcn;l)ted

HIV

mte%rase

(copies/ml
500,0
50,000

5,000

500

50

o

36.40 Neg.

1

Run

2

3

4

5 Mean
1925 1961 21.39 1920 21.20
2215 2361 2408 2110 24.23
20116 2829 2901 29.16 29.13
3290 3362 3259 3239 3290
3432 3527 3642

20.13
23.03
28.82
32.88
35.60

07
30
1
4

S.
1
1
1
0.46
1.00

% Cv
531
5.86
385
1.39
2.80

NA: not applicable; S.D: standard deviation; CV.. coefficient of variation



49

Table 9 Intra-assay validation (4 replicates) results of serial 10-fold dilution of HIV-1 8
viral particles.

HIV viral Replicated

g@}rttl_cle

ilution

(copies/ml) 1 2 3 4 Mean SD. Ycv

500000 231433 731975 427430 401653 448123 208257 3.10
50000 55399 71143 137134 85030 87477 35436 270
5000 2040 2579 1456 1607 2046 L 200
50 218 145§ 34 7897 310
50 66 2% 5 Neg. 65 2826 430

Neg.: Negative result; SO standard deviation; CV. coefficient of variation.

Table 10 Inter-assay validation (2 runs) results of serial 10-fold dilution of HIV-1 m viral
particles.

HIV viral Run
g_a}rttl_cle
ilution
(copies/ml) 1 2 Mean  SD. YooV
500,000 383,109 448 123 415616 45971 500
50,000 19,175 87 177 h3 176 48,084  0.04
5,000 1,217 2,146 171150 61447 340
500 13 1 12850 1060  6.30
5 10 35 22.50 1767 580

S.D : standard deviation: CV.. coefficient of variation.
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PART IV. Comparative of plasma HIV-1 quantitation using Bayer® HIV-1 RNA 3.0

Assay (bDDNA) versus One-Step RT Real-Time PCR assay in HIV-1 seropositive
patients.

Plasma samples were collected from 105 HIV-1 seropositive patients at the
Anonymous Clinic, Thai Red Cross AIDS Research center. Two 1 ml aliquots of RNA
extraction was performed from each of the samples. The in-house One-Step RT Real-Time
PCR was performed in parallel in comparison to Bayer® HIV-1 RNA 3.0 Assay (hDNA).
The results are summarized in Table 11 Median plasma HIV-1 RNA of The Bayer® HIV-
1RNA 3.0 Assay (hDNA) is 958 copies/ml as compared to that of the in-house One-Step
Real-Time RT-PCR Assay is 362 copies/ml.(Figure 14) There is statistical difference (p =
0.024, Wilcoxon Signed Ranks Test)

As shown in Figure 15, the HIV-1 RNA quantification values obtained from the
two assays were significantly correlated, as indicated by the Pearson correlation coefficient
(r value) of 0.787 (p = 0.01). The correlation between the assays is good and significant in
the plasma samples that showed HIV-1 RNA level > 500 copies/ml by Bayer® HIV-1 RNA
30 Assay (bDNA) (r = 0.76, p = 0.01). but those with value < 500 copies/ml is non
significant (r = 0.11,/? = 0.21) (Table 12)
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Figure 14 Median of plasma HIV-1 RNA (copies/ml) determined by Bayer® HIV-1 RNA
30 Assay (bDNA) and One-Step RT Real-Time PCR Assay is shown as solid lings.
Median of Bayer® HIV-1 RNA 3.0 Assay (bDNA) is 985 copies/ml and mean of in house
One-Step RT Real-Time PCR is 362 copies/ml.
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*Correlation is significant atthe 0,01 level (2-tailed).

Figure 15 Scatter plot of plasma HIV-1 RNA copies/ml determined by Bayer® HIV-1
RNA 3.0 Assay (bDNA) and in house One-Step RT Real-Time PCR of 105 HIV-1
seropositive samples. The correlation coefficient (r) is 0.789 ip = 0.01).
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Table 11 Parallel testing of 105 plasma samples by using Bayer® HIV-1 RNA 3.0 Assay
(hDNA) and in house One-Step RT Real-Time PCR assay

Viral Load
Samples  Patients ID Log different
WM pumber  Bayer®@HIV-LRNA  One-Step RT Real-Time  (BDNA -Real
3.0 Assay (bDNA) PCR assay Time)
(copies/ml) ~ Log  (copies/ml) Log

1 10110 107,675 50 20,742 4.3 0.7
2 10199 322,122 53 305775 o4 0.1
3 10135 235,932 53 260501 54 0.1
4 10222 143,657 51 279,000 54 0.3
5 10230 251,133 b3 186,6% 5.2 01
0 10312 141,836 b1 136,131 5.1 0
! 10316 176,434 52  139,5% 5.1 0.1
8 10333 131,014 bl 35598 45 0.6
9 10359 261,473 54 160,830 5.2 0.2
10 10357 254,317 hd <0 <17 >3.1
n 10202 167,611 52 % 19 33
12 10127 14,152 41 20,100 43 0.2
13 10130 29,077 44 24600 43 0.1
14 10129 11,830 40 7,500 38 0.2
5 10197 39,841 46 13989 41 0.5
16 10211 10,077 48 62,031 4.1 0.1
17 10244 16,255 42 3963 35 0.7
18 10274 50,334 47 2083 43 04
19 1029 26,486 44 162,175 5.2 08
20 10234 15974 42 62247 41 05
il 10211 14,989 41 5409 31 04
22 10239 16,007 42 24063 43 0.1
23 10249 31,214 45 9255 39 0.6
2410287 29,359 44 41,160 4.6 0.2
25 10250 12,691 41 1,665 32 09



Viral Load
Samples  Patients ID Log different

WM pumber  Bayer®HIV-1RNA  One-Step RT Real-Time  (bDNA-Real
3.0 Assay (bDNA) PCR assay Time)
(copies/ml) ~ Log  (copiesiml)  Log

26 10272 24,644 43 20,580 43 0
21 10263 18,784 42 13761 41 0.1
28 10108 05,621 48 81975 49 0.1
29 10207 30,340 44 2319 33 11
Rl 10227 16,803 42 321 2.5 L7
Rl 10219 12,500 40 <50 <17 >2.3
2 10201 23,263 43 69 18 25
3 10058 9,022 39 960 2.9 1
34 10080 6,807 38 7,800 38 0
3 10112 1,764 32 231 2.3 11
% 10166 6,101 3.7 9900 39 0.2
3 10170 2,418 33 15300 41 08
3B 10171 1,184 38 24,000 43 0.5
0 102 3,4% 35 5838 3.1 0.2
40 10278 2,118 33 3889 35 0.2
41 10238 5,957 3.7 20,601 4.3 0.6
2 1025 6,185 37 2103 33 04
43 10346 6,426 38 5202 31 0.1
4 10338 1,023 30 5% 21 03
45 10309 3,094 34 1317 31 0.3
46 10300 1123 30 56l 2.1 0.3
4 10298 1,254 38 L119 3.0 08
48 10379 1,297 3l 213 2.3 08
49 10377 5,441 371539 31 0.6
0 10381 1,187 38 5076 3.1 0.1
ol 10208 1,289 3l 69 18 13
5 10086 5,242 37 66 18 19

5 10045 114 28 12 18 1



Viral Load

samples  Patients ID Log different
umbernumber  Bayer® HIV-LRNA  One-Step RT Real-Time  (hDNA -Real
3.0 Assay (bDNA) PCR assay Time)
(copies/ml)  Log (copies/ml) Log
5 10077 958 29 2400 3.3 04
00 10216 880 29 13 21 0.8
56 10228 604 2.7 168 2.2 0.6
5 10251 616 27 41% 3.0 11
53 10240 574 2.1 4116 3.0 0.9
5 10370 898 29 546 2.1 0.2
60 10068 201 2.3 300 24 0.1
6l 10071 176 22 1710 3.2 1
62 100078 329 25 189 2.2 0.3
63 10282 242 23 1310 31 0.8
o4 10256 104 20 6,717 3.8 18
65 10265 172 22 3420 35 13
66 10281 83 19 13% 31 12
6/ 10312 216 Zt==130 21 0.3
68 10320 453 26 <50 <17 >0.9
69 10319 5/ 17 <50 <17 0
10 10344 315 25 <50 <17 >0.8
1 10362 109 20 <50 <17 >0.3
12 10385 103 20 <50 <17 >0.3
13 102386 497 21 180 2.2 05
14 10044 <50 <7 330 2.5 <-0.8
1 10046 <50 <7 <0 <17 0
16 10047 <50 1.7 <50 <17 0
M 10048 <50 <7 <0 <17 0
18 10049 <50 <17 <0 <17 0
9 10051 <50 <17 <50 <17 0
80 10054 <50 <7 <0 <17 0



Viral Load
Samples  Patients ID Log different

Wm0 number  Bayer®HIV-LRNA  One-Step RT Real-Time  (bDNA -Real
3.0 Assay (bDNA) PCR assay Time)
(copies/ml) Loy (copies/ml) Log
8l 10056 <50 <17 <50 <17 0
82 10189 <50 <17 <0 <17 0
83 10190 <50 <17 <K0 <17 0
84 10191 <50 <17 <50 <17 0
8 10192 <50 1.7 <50 <17 0
86 10193 <50 <17 <0 <17 0
8/ 10194 <50 <17 <50 <1.7 0
83 10195 <50 <7 <50 <1.7 0
89 101% <50 <17 <50 <1.7 0
90 10283 <50 <17 362 2.5 <-0.8
91 10284 <50 <7 155 2.1 <-04
9 10235 <50 <17 <50 <17 0
93 10303 <50 <17 <K <17 0
94 10304 <50 <17 <K <17 0
% 10306 <50 <17 <50 <17 0
9 10307 <50 <17 <50 <7 0
97 10308 <50 <17 <50 <17 0
98 10297 <50 <17 <50 <1.7 0
99 10296 <50 <17 <50 <1.7 0
100 10299 <50 <17 <50 <1.7 0
100 10301 <50 1.7 <50 <1.7 0
102 10364 <50 <17 <50 <1.7 0
103 10365 <50 <17 <50 <17 0
104 10366 <50 <17 <0 <17 0
1056 10367 <50 <17 <50 <17 0

Note; HIV-1 RNA viral load level <50 copies/ml (<1.7 logio) was used as 50 copies/ml
(L.7 logio) for statistical calculation,
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In additional, the correlation and mean difference between Bayer® HIV-1 RNA 3.0
Assay (bDNA) and in-house One-Step RT Real-Time PCR are shown in Table 12. The
result was divided to 2 groups. For samples above 500 HIV-1 RNA copies/ml, the two
assays were approximately 76% correlated, and the mean difference in logio copy number
between the two assays was 0.18 logio. For samples with 500 or fewer HIV-1 RNA
copies/ml, the correlation between bDNA and in-house One-Step RT Real Time PCR
results was less strong (approximately 11% correlated) and the mean difference in logio
copy number hetween the two assays was -0.10 logio-

As shown in Table 13, at the cut-off of HIV-1 RNA 50 copies/ml by Bayer® HIV-1
RNA 3.0 Assay (0DNA), the sensitivity and specificity of the in-house One-Step RT Real-
Time PCR is 90.41% (66/69) and 90.62% (29/36), respectively.

Bland-Altman Analysis

In addition, the two assays were compared by using the Bland-Altman plot. The
result is present in Figure 16. The bias is computed as the value determined by one method
minus the value determined by the other method. The average of the differences will be
close to zero. If it is not close to zero, this indicated that the two assay methods are
producing different results. In this study, the limits of agreement defined as the mean
difference in logio HIV-1 copies/ml was 0.18 logio, % 2 standard deviations (£ 25D) were
-15 10 15. Bland-Altman plotting showed that differences between the logio copies/ml
results obtained from One-Step RT Real-Time PCR and Bayer® HIV-1 RNA 3.0 Assay
(hDNA) were within (-1.75) - 137 logio copies/ml of the averaged logio results of the
two tests for 95% of the specimens tested. This indicates that there is 0.187 logio average
discrepancy between both assays where the result from One-Step RT Real-Time PCR was
1.75 logio lower and 1.37 logio higher than Bayer® HIV-1 RNA 3.0 Assay (bDNA).
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Table 12 The correlation between the results of logio-trasnsformed quantification values
obtained with Bayer® HIV-1 RNA 3.0 Assay (0DNA) and in house One-Step RT Real
Time PCR

Assay range8
(HIV-IRNA N Correlation ~ Mean logio  95% Confidence p value
copies/ml) (Pearson) difference Interval of the
Difference
<50-322,722 105 0.784 0.18 0.03-0.34 0.02
501-322,122 59 0.76 041 0.17-0.65 0.01
<50-500 46 QA 010 (025040 02

aAssay range was determined with Bayer® HIV-1 RNA 3.0 Assay (0DNA). Cl: confidence
interval,

Table 13 The sensitivity and specificity of in-house One-Step RT Real-Time PCR as
compared to Bayer® HIV-1 RNA 3.0 Assay (0DNA) at the cut-off of HIV-1 RNA 50
copies/ml.

One-Step RT bDNA assay* o o
Real-TimePCR _ sensitivity — specificity —accuracy
assay Positive  Negative  Total
Positive 0 69
N_elgatlve / 29 H  N041% 90.625% 90.47%
otal 13 32 105
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Figure 16 Bland Altman plot determined as Bayer® HIV-1 RNA 3.0 Assay (0DNA) and
in-house One-Step RT Real-Time PCR
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PART V. Overall cost comparison for Bayer® HIV-1 RNA 3.0 Assay (0DNA) in-house
One-Step RT Real- Time PCR

The overall cost for Bayer® HIV-1 RNA 3.0 Assay (bDNA) and in-house One-Step
Real-Time RT-PCR are shown in Table 14. The cost of the assay kits were determined
according to the Baht price list (as of January 2005), although kit prices may be reduced
according to discounted pricing differed by the manufacturer. Labor coat are noted in terms
of time (minutes). The cost of disposables and labor for the two assays were compared for
each of the three work flow steps: sample preparation, amplification/ hybridization/
detection and analysis. The in-house One-Step RT Real-Time PCR assay was performed in
cost; labor and waste were less than Bayer® HIV-1 RNA 3.0 Assay (DDNA).
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Table 14 Cost comparison between Bayer® HIV-1 RNA 3.0 Assay (bDNA) and One-Step

RT Real-Time PCR

Cost category Bayer® HIV-1 RNA 3.0
Assay (bDNA) (Irun, 24
tests)

Alltests  Per test
(haht) (baht)

Assay components 31,248 1,302

Disposables
Specimen preparation 600 25
Amplification . 5,640 235
Ihybridization/detection
Analysis and report 24 1
Total steps 31512 1563
Lahor
Specimen preparation 970 min- 970 min
Amplification . 1% min 19 min
Ihybridization/detection

Analysis and report 30 min 10 min

Total steps 119% min - 1,175 min

Biohazardous waste
(iotal steps) ~ S0em3 - 45cm

One-Step RT Real-Time PCR
(L run, 24 tests)

All tests Per test
(haht) (haht)

h,784 241
4080 170
4,800 200
24 1
14 688 612
300 min 30 min

150 min 150 min

30 min 10 min

480 min 190 min

211.2cm3  22¢m3
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