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Many assays are presently available for detecting and quantifying human  
immunodeficiency virus type 1 (HIV-1) in clinical trials. (1-3) Some of these 
assays, quantitative peripheral blood and plasma microculture and HIV-1 p24 
antigen measurement, have been standardized and included as part of an 
ongoing Quality Assurance Program (QAP) within the context of the AIDS 
Clinical Trials Group (ACTG). (2'4) Recently, the PCR assay for detection of 
HIV-1 DNA has been added to the ACTG QAP. (5~ The exquisite sensitivity of 
the PCR techniques for detecting nucleic acid sequences makes it highly 
desirable for use in clinical trials both for early diagnosis and for the moni- 
toring of patient response to therapy. However, the technical difficulties as- 
sociated with PCR assays, as well as the number  and variety of methods 
employed, necessitate the participation of sites in a QAP to have accurate and 
comparable results for a multicenter trial. 

The value of any assay in a clinical trial, including PCR, cannot be simply 
based on its sensitivity, specificity, and reproducibility. Other factors, such as 
the ability of an assay to predict a specified clinical outcome, or an assay's 
response in relation to initiation of therapy and its correlation with outcome 
need to be considered. An assay may be highly sensitive, specific, inexpen- 
sive, and easy to perform, but of limited use diagnostically or in monitor ing 
patients on therapy. In this respect, it is important to validate an assay's 
clinical utility before widespread use in clinical trials or clinical practice. In 
this paper we describe approaches for quality assurance for DNA and RNA PCR 
and what currently is known about the value of these assays for use in clinical 
trials. 

QUALITATIVE DNA PCR 
Quality Assurance: General Considerations 
DNA PCR for detection of HIV-1 DNA in peripheral blood mononuclear  cells 
(PBMC) has been used primarily for determining the infection status of in- 
fants born to HIV-l-infected mothers. (6-9) Use of nonstandardized HIV-1 DNA 
PCR assays at multiple sites resulted in variable sensitivity and specificity. (1~ 
13) Thus, the first step in establishing quality assurance was the utilization by 
all participating sites of commercial DNA PCR kits with standardized reagents 
and procedures, and use of a common algorithm for performing the proce- 
dure and interpreting the results. Diagnostic assays for HIV-1 must be highly 
sensitive, as well as highly specific, because the consequences of either a 
false-negative or a false-positive determination are great. Some general guide- 
lines need to be followed to ensure adequate performance. Careful attention 
must be paid to specimen collection and processing. False-negative results 
can be obtained from specimens that are contaminated with inhibitors of Taq 
polymerase such as hemoglobin or heparin. (14) False-positive results can be 
caused by "carryover" of previously amplified sequences if pre- and post- 
amplification steps are performed in the same work area. (15~ Sample prepa- 
ration should always be physically separated from performing the PCR reac- 
tion itself, and separate sets of supplies and pipetting devices should be 
dedicated to each part of the reaction. Similarly, controls for amplification 
(weak, yet consistently positive) should be run with each assay. Use of high- 
concentration controls will not give an indication of minimal detection lim- 
its and may result in contamination of other specimens in the run. The use 
of uracil-N-glycosylase (UNG) (16) has reduced the number  of false positive 
results associated with carryover, but this method works only if all PCR re- 
actions performed in the laboratory for a given template make use of the UNG 
protocol. The recent introduction of signature primer pairs that contain 
HIV-1 virus-specific sequences at the 3' end and a nonhuman,  nonviral se- 
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quence at the 5' end, which can then be subsequently used to differentiate 
true-positive from false-positive results. Target DNA is amplified using one of 
three sets of primer pairs: virus-specific primer, nonhuman-nonvi ra l  virus- 
specific primer, and nonhuman-nonvira l  primer. HIV-l-positive DNA will be 
detected with the first two primers but not the nonhuman-nonvi ra l  primer. 
HIV-l-negative DNA will not be detected by any of the primers. However, 
HIV-l-negative DNA that has positive carryover will be positive by all three 
primers (including the nonhuman-nonvira l  primer), indicating the presence 
of carryover contamination. Although this approach may be useful in the 
future, it has not been adapted commercially to date. (17) Furthermore, none 
of the above strategies will prevent cross-contamination of samples or plas- 
mid contamination. Thus, work area separation and meticulous laboratory 
practices cannot be overemphasized. This is particularly important for diag- 
nostic testing, where the absolute amount is not important but exquisite 
sensitivity and specificity of the assay are paramount. Thus, the major focus 
of the DNA PCR QAP has been to ensure a high degree of sensitivity and 
specificity. The ACTG QAP for DNA PCR has been reported elsewhere. (5) The 
following is a brief description of the program. 

Quality Assurance: ACTG Guidelines 
Laboratories are first assessed on their competency to perform the assay. Sites 
are expected to identify correctly as positive or negative a coded certification 
panel consisting of 30 cell pellets containing different HIV-1 proviral copy 
numbers (0, 2, 5, 10, 20, 50) and eight whole-blood samples. To identify a 
specimen as positive or negative, sites follow a specific testing algorithm 
where a single extraction is followed by a duplicate amplification. Detection 
is performed in singlet. Discordant results, one positive and negative, are 
resolved by performing either a third amplification and detection or an am- 
plification/detection in duplicate on a second pellet. Known cell pellet stan- 
dards are also provided. A site must have no false-positive results and must 
correctly identify as positive the lO-copy-number cell pellet to have an ac- 
ceptable performance. 

Following initial demonstration of competency, sites are required to un- 
dergo quarterly proficiency testing of eight whole-blood specimens. While 
proficiency testing monitors the performance of laboratory staff on a partic- 
ular proficiency panel, it does not address the more critical issue of false- 
positive and -negative results for any given run. (is) To address this issue of 
real-time run validation, coded quality assurance (QA) pellets of 0 or 10 HIV-1 
proviral copies per 125,000 PBMC are included with each run. Results for the 
QA pellets are entered into an encrypted computer file, which immediately 
assesses the validity of the r u n - n o  false-positive or false-negative results. In 
addition, for each run the following controls are included: (1) two extraction 
reagent controls; (2) two each of O, 2, 5, 10, and 20 copy standards; and (3) 
one to three QA pellets. For a run to be valid, the 0-copy controls must be 
negative, the 10- and 20-copy standards must both be positive, and the QA 
pellets must be correct. To date, no erroneous values have been obtained 
from the encrypted samples. However, this approach will not identify false- 
positive results because of contamination of the sample during specimen 
preparation, where specimen preparation and testing are performed at two 
distinct locations. 

At the present time, 11 ACTG laboratories are participating in the QAP with 
four additional laboratories expected to join within the next few months. Of 
11 laboratories, 9 use the Roche Amplicor kit (Roche Diagnostic Systems, 
Branchburg, NJ) for amplification and detection of HIV-1 gag sequences, and 
2 of 11 laboratories use the Perkin-Elmer HIV-1 core amplification kit (Nor- 
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walk, CT) and the GenProbe detection kit (San Diego, CA) for amplification 
and detection of HIV-1 gag sequences. The reproduciblity and relative sensi- 
tivity of the assay for the copy number  standards in these laboratories are 
shown in Table 1. The reproducibility of the assay for the 0, 10, 20, and 50 
copy numbers  is 100%. The reproducibility to date for the 2- and 5-copy 
number  standards reflects the expected Poisson distribution for those lower- 
copy-number standards. The specificity for whole-blood specimens from se- 
ronegative patients is 100%, and the sensitivity on whole-blood specimens 
from seropositive donors is 94%. The false-negative results obtained were 
from duplicate aliquots of two samples that  were found negative by quanti-  
tative micrococulture for 65% and 95% of the laboratories. Of the other  seven 
false-negative results, six were derived from one laboratory on one run. On 
the basis of these results and to minimize costs, the quality control panel for 
each run has been modified. The new quality control panel consists of the 
following: (1) two each of the 0- and 5-copy number  standards; (2) one each 
of the 10-and 20-copy standard; and (3) two QA pellets for each 10 specimens 
assayed. As before, the 0-copy number  control and QA pellets must  be correct; 
however, assay sensitivity will be based on an absolute value for the 20-copy 
number  standard of either >2.0 optical density for the Roche Amplicor EIA 
assay or >50,000 relative light units for the GenProbe chemiluminescence  
assay. 

Clinical Usage 
Serological diagnosis of HIV-1 infection in infants born of HIV-l-infected 
mothers  is problematic because of the presence of maternal  ant ibody for up 
to 15 months  after birth. Several investigators have evaluated the utility of 
DNA PCR to diagnose infection in these infants. (ls-2~ The combined sensi- 
tivity of the assay in these four studies was 94.5%. However, sensitivity varies 
with age of the infant (8'18'19) and can be primer-pair dependent.  ~ The over- 
all specificity of the assay was 98.5%. Two laboratories reported PCR-positive 
samples on uninfected infants. (8'19) Thus, false-positive results can occur pre- 
sumably because of the detection of nonviable nucleic acid sequences from 
the mother.  Similarly, false-negative results can also occur depending on the 
primer pair, (18) and also specimen preparation. Lack of amplifiable DNA is 
one specimen preparation parameter that  can be controlled for by runn ing  
the sample in parallel with a primer pair that  amplifies a conserved region of 
h u m a n  leukocyte antigen (HLA)-DQoL. (14) 

Only limited data are available regarding the concordance of HIV-1 PCR 
and HIV-1 culture, which in an earlier published study was shown to be 
88%. (21) Recently, two extensive studies, ACTG Protocol 076 and the Women  
and Infants Transmission Study (WITS), have looked at the agreement  of PCR 
and culture. As with other reports, the concordance rate in these studies 
varied with time of sampling; however, by 6 months  of age, the concordance 

TABLE 1 Qualitative DNA PCR QA Results 

DNA cell pellets Whole blood specimens 

copy percent positive 
number nega t ive  pos i t ive  pos i t ive  Correct (n) 

negative 
(n) 

0 266 0 0 
2 28 28 50 
5 14 62 94 

10 0 50 100 
20 0 37 100 
50 0 29 100 

number 334/356 92/92 
(%) 94 100 

sensitivity specificity 
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rate was 93% in the WITS (22) and a similar rate has been observed in the 076 
study. (23) In the former study, there was a lack of concordance in eight sam- 
ples in which positive PCR results were obtained that were unsubstantiated by 
culture. This discrepancy was apparently caused by laboratory contamination 
during specimen preparation at one site that was not the site performing the 
assays. 

In spite of a rigorous QAP program, false-positive and false-negative results 
may occur; thus, when HIV-1 DNA PCR is used in clinical trials where the 
assay may be used as an end point or inclusion criterion, it is recommended 
that all positive and negative results be confirmed by subsequent testing with 
a second patient specimen, or with an additional diagnostic assay such as 
HIV-1 culture. On the basis of the above information, the Pediatric Virology 
Committee of the ACTG has developed a testing algorithm for determining 
the infection status of the infant. An infant is considered infected if two 
separate peripheral blood specimens are drawn and one is positive by culture 
and the other is either positive by culture or DNA PCR, or by neutralizable p24 
antigen (infants >28 days of age). The diagnosis of lack of infection is based 
on the same algorithm but recognizing that false-negative results can occur at 
a younger age. Thus, the first "negative" specimen must be drawn when the 
infant is ~4 weeks of age, and a second negative specimen should be obtained 
at 24 weeks of age, with both specimens drawn at least 4 weeks apart. It is 
important to note, in pediatric diagnosis of infection, that whereas DNA PCR 
may offer advantages in terms of cost and turnaround time, it is not, appar- 
ently, more sensitive than culture. The limiting factor, in terms of infant 
diagnosis regarding sensitivity, is probably in utero versus postpartum infec- 
tion, with the former yielding an earlier diagnosis either by DNA PCR or 
culture than the latter. 

QUANTITATIVE DNA PCR 
Quality Assurance 
Quantitative DNA PCR has not been used extensively to date in many clinical 
trials because quantitative plasma HIV-1 RNA levels are thought to reflect the 
replicating pool of HIV-1 better. Where it has been used, several approaches 
have been taken: serial dilution of the cells prior to extraction; (24'2s) serial 
dilution of the extracted DNA; (26'27) and determination of copy number 
per standardized concentration of DNA based on a known quantity of 
PBMCs.(28, 29) 

Prior to consideration for implementation into clinical trials, a feasibility 
study to ascertain the level of agreement between laboratories was conducted 
by three ACTG laboratories that were performing quantitative DNA PCR using 
a fivefold cell dilution technique. All laboratories used the same basic proce- 
dures and the Roche Amplicor kit for detection. The laboratories were sent 12 
coded, spiked cell pellet samples, six cell pellets spiked with known copy 
numbers (0, 2, 5, 10, 20, 50) as standards, and samples from four patients at 
three different time periods. 

Although the numbers are small (n = 6), the reproducibilty of this assay 
compares well with that obtained for the qualitative DNA PCR assay. How- 
ever, in assigning an absolute copy number, two of the laboratories had 92% 
agreement within one dilution on both the spiked cell pellets and the 12 
patient samples. The third laboratory was only in agreement 25% of the time 
(data not shown). Although the sensitivity of the assay at 10 copy numbers is 
acceptable, the ability of the assay to detect changes in viral load caused by 
therapy is compromised by the high coefficient of variation. Table 2 com- 
pares the results from the two baseline samples for the same patient assayed 
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by three different laboratories and illustrates that  changes of 50--100% are 
wi thin  the variability of the assay. 

Clinical Usage 
Increases in proviral DNA have been associated with progression to disease, 
decline of CD4-positive cell count, and increased infectious viral load; (29-31) 
however, it is not  clear, with the drugs tested to date, that  therapy-induced 
changes in the proviral load associated with PBMCs is in any way clinically 
significant. (26-28) Thus this assay has not  been implemented  at mult iple sites 
for use in clinical trials, and no further efforts have been taken for quality 
assurance. 

QUANTITATIVE RNA DETECTION 
Quality Assurance 
A n u m b e r  of assays have been developed recently using PCR or b ranched  
DNA signal amplification (bDNA) to measure HIV-1 RNA in the plasma of 
infected individuals. ~32-3s) Preliminary studies suggest that  these assays will 
probably be useful in moni tor ing  viral load in clinical trials. ~36-4~ Recently, 
a mul t icenter  evaluation of six methods  by nine sites was under taken,  (41) 
demonst ra t ing  that  several of the procedures could determine a fourfold 
change in viral load as significant. Based on analysis from this study, the 
ACTG is in the process of developing a QAP designed to ascertain a labora- 
tory's capability to detect a fivefold change in RNA copy n u m b e r  with a 
probabili ty of 0.90. The QAP that  has been developed assumes an intra-assay 
standard deviation of ~<0.15 loglo RNA copies per milliliter. Whereas the 
initial assumption of the program is that  relative change is more impor tan t  
than  absolute numbers,  use of a c o m m o n  set of standards and controls for 
each run may provide a mechan i sm to normalize values from different assay 
formats. The QAP consists of a c o m m o n  set of standards and controls for 
every run, and proficiency testing. Proficiency testing and initial laboratory 
certification are based on laboratory performance of a panel  composed of 15 
coded samples of spiked plasma containing 2,000, 10,000, 50,000, 250,000, 
and 1,250,000 HIV-1 copies per milliliter and 9 coded pat ient  samples pre- 
pared from an HIV-l-infected patient  supplied as three fivefold dilutions in 
triplicate. This panel and all subsequent  testing are performed using a known  
set of QAP standards and controls in addit ion to the commercia l  kit standards 
and controls. The use of a c o m m o n  set of standards allows for the compar ison  
of mult iple assay formats. The QAP standards are composed of supernatant  
fluid obtained from coculturing the PBMCs from an HIV-l-infected pat ient  

TABLE 2 Quantitative DNA PCR Feasibility Study 

DNA cell pellets Duplicate patient PBMC samples at baseline 

copy percent CV 
number negative positive posit ive patient mean a S.D. (o~)b 

0 6 0 0 
2 4 2 67 
5 1 5 83 

10 0 6 100 
20 0 6 100 
50 0 6 100 

A 225 234 104.23 
B 375 250 66.67 
C 2500 1082 43.30 
D 1875 1250 66.67 

aMean for all three laboratories expressed in DNA copies/106 PBMC. 
bCoefficient of variation. 
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with seronegative donor PBMCs which is then diluted into anti-HIV-1 nega- 
tive human plasma as described previously. (41) 

Nine laboratories participated in the initial proficiency testing panel with 
one laboratory using two assay formats. Four of the laboratories used the 
Chiron bDNA assay (Emeryville, CA), two used the Roche Molecular Systems 
RT-PCR assay (Branchburg, NJ), and three used in-house RNA PCR assays. 
Preliminary results from six of the laboratories using the commercial assays 
gave an interlaboratory coefficient of variation for all the mean copy num- 
bers obtained ranging from 0% to -25~ based on a comparison of all the 
laboratory assays' means. For any individual laboratory, the standard devia- 
tion was below the targeted value of 0.15 loglo RNA copies per milliliter. All 
laboratories were able to detect a fivefold difference in copy number; how- 
ever, the variation associated with the absolute value of an assay for any given 
copy number, in any given laboratory, has yet to be determined. 

Clinical Usage 
The quantitative plasma RNA detection assays are beginning to be utilized in 
phase I/II clinical trials to demonstrate antiretroviral activity. Previous reports 
have shown a decrease in the plasma RNA levels pre- and postantiretroviral 
therapy, (37) with no change in plasma RNA load in patients either untreated 
or receiving long-term zidovudine therapy. (4~ However, patients who had 
received prior zidovudine therapy and were switched to combination therapy 
with didanosine were more likely to have a reduction in plasma RNA load 
than those patients who remained on zidovudine. Higher levels of plasma 
RNA have been shown to be associated with disease progression. (42-44) The 
relationship between changes in plasma RNA load and clinical outcome pres- 
ently is under investigation in two ACTG trials and one study sponsored by 
the Veterans Administration (VA). The standards and controls described 
above have been used in both of these ACTG studies, where results were 
obtained using the Chiron bDNA assay and the Roche Molecular Systems RT 
PCR assay. In one ACTG study involving late-stage patients who had prior 
nucleoside experience, a decrease in plasma RNA was associated with clinical 
benefit after controlling for other variables associated with disease progres- 
sion. (44) In the VA study of antiretroviral naive patients with less advanced 
disease, there also appeared to be an association of decrease in plasma RNA 
load 4 months after therapy that was associated with clinical benefit; how- 
ever, other variables were not taken into consideration. (43) Although the im- 
portance of these findings in other patient populations needs to be deter- 
mined, this assay undoubtedly will be used extensively in clinical trials 
designed to measure the efficacy of antiviral agents. It should be noted that 
the assays, as presently designed, measure infectious and noninfectious ge- 
nomic HIV-1 RNA. Thus, different antiviral agents with different modes of 
action may impact to a greater or lesser extent on this measurement of viral 
activity. 

SUMMARY 
Qualitative and quantitative HIV-1 DNA and RNA PCR assays are proving to 
be useful in the diagnosis of HIV-1 infection in infants and in assessing the in 
vivo antiviral activity of new therapies and regimens in clinical trials. The use 
of these standardized commercial assays in conjunction with an external 
quality assurance program has ensured that results from different laboratories 
are comparable. In addition, real-time proficiency monitoring has the poten- 
tial to detect problems immediately before patient data are compromised. 
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m i t t e e s ,  t h e  A C T G  l a b o r a t o r i e s ,  v i r o l o g i s t s ,  a n d  t e c h n i c a l  s t a f f  w h o  c o n t r i b -  

u t e d  to  t h i s  w o r k ;  t h e  V i r o l o g y  QAP c o n t r a c t o r s  a t  t h e  B a y l o r  C o l l e g e  o f  

M e d i c i n e  ( 1 9 8 7 - 1 9 9 3 ;  N O 1 - A I - 8 2 5 1 7 )  a n d  R u s h - P r e s b y t e r i a n  St. L u k e ' s  M e d -  

ica l  C e n t e r  ( 1 9 9 3 - p r e s e n t ;  N O 1 - A I - 3 5 1 7 2 ) ;  a n d  D a n i e l l a  L i v n a t  for  m a n u -  

s c r i p t  r ev i ew.  
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