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AMPLICOR HIV-1 MONITORTM TEST 
StandardlUltraSensitive 

AMPLICOR HIV-1 MONITOR Test US:83088 24 Tests 

INTENDED USE 

The AMPLICOR HIV-1 MONITOR’” Test is an in vitro nucleic acid amplification test for the 

quantitation of Human lmmunodeficiency Virus Type 1 (HIV-l) RNA in human plasma. The Test 
can be used with either the Standard or UltraSensitive Specimen Processing Procedure. When the 
Standard Specimen Processing Procedure is used, the Test can quantitate HIV-1 RNA over the 
range of 400 - 750,000 copies/ml. When the UltraSensitive Specimen Processing Procedure is 
used, the Test can quantitate HIV-1 RNA over the range of 50 - 75,000 copies/ml. 

The Test is intended for use in conjunction with clinical presentation and other laboratory markers of 
disease progress for the clinical management of HIV-1 infected patients. The Test can be used to 
assess patient prognosis by measuring the baseline HIV-l RNA level or to monitor the effects of 
antiretroviral therapy by measuring changes in p!ssma HIV-1 RNA levels during the course of 
antiretroviral treatment. Monitoring the effects of antiretroviral therapy by serial measurement of 
plasma HIV-1 RNA has been validated for patients with baseline viral loads 2 25,000 copies/mL. 

The AMPLICOR HIV-1 MONITOR Test is not intended to be used as a screening test for HIV or as 
a diagnostic test to confirm the presence of HIV infection. 

SUMMARY AND EXPLANATION OF THE TEST 

Human lmmunodeficiency Virus (HIV) is the etiologic agent of Acquired lmmunodeficiency 
Syndrome (AIDS)‘-‘. HIV infection can be transmitted by sexual contact, exposure to infected blood 
or blood products, or by an infected mother to the fetus4. Wrthin three to six weeks of exposure to 
HIV, infected individuals generally develop a brief. acute syndrome characterized by flu-like 
symptoms and associated with high levels of viremia in the peripheral blood5-‘. In most infected 
individuals this is followed by an HIV-specific immune response and a decline of plasma viremia, 
usually within four to six weeks of the onset of symptomsg,“. After seroconversion, infected 
individuals typically enter a clinically stable, asymptomatic phase that can last for years11-‘3. The 
asymptomatic period is characterized by persistent, low level plasma viremia14 and by a gradual 
depletion of CD4+ T lymphocytes, leading to severe immunodeficiency, multiple opportunistic 
infections, malignancies and death15. Although virus levels in the peripheral blood are relatively low 
during the asymptomatic phase of the infection, virus replication and clearance appear to be 
dynamic processes in which high rates of virus production and infection of CD4+ cells are balanced 
by equally high rates of virus clearance, death of infected cells and replenishment of CD4+ cells, 
resulting in relatively stable levels of both plasma vrremia and CD4+ cells’6-‘e. 

Quantitative measurements of HIV viremia in the peripheral blood have shown that higher virus 
levels may be correlated with increased risk of clrnical progression of HIV disease, and that 
reductions in plasma virus levels may be associated with decreased risk of clinical progression’g‘2’. 
Virus levels in the peripheral blood can be quantitated by measurement of the HIV p24 antigen in 
serum, by quantitative culture of HIV from plasma, or by direct measurement of viral RNA in plasma 
using nucleic acid amplification or signal amplification technologies 22-26. 
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p24 antigen is the principle core protein of HIV and is found in serum either free or bound by anti- 
p24 antibody. Free p24 antigen can be measured with commercially available enzyme 
immunoassays (EIA), although the usefulness of p24 antigen as a marker of viral load is limited 
since the antigen is detectable in only 20% of asymptomatic patients and 4030% of symptomatic 
patients. Procedures to dissociate antigen-antibody complexes improve the sensitivity of the p24 
antigen tests, but the viral protein remains undetectable in most asymptomatic patients”. 

infectious HIV in plasma can be cultured by inoculation into activated peripheral blood mononuclear 
cells (PBMC) from normal donors. Quantitation is achieved by inoculating PBMC with serial 
dilutions of the plasma specimen. Quantitative culture has limited utility for monitoring virus levels 
in infected individuals since only a small fraction of virus particles is infectious in vitro. Infectious 
virus is often undetectable in asymptomatic individualsz2. 

HIV RNA in plasma can be quantitated by nucleic acid amplification technologies, such as the 
Polymerase Chain Reaction (PCR)27-2g. The AMPLICOR HIV-1 MONITOR Test uses PCR 
technology to achieve maximum sensitivity and dynamic range for the quantitative detection of HIV- 
1 RNA in ACD or EDTA anti-coagulated pIasma24. 

PRINCIPLES OF THE PROCEDURE 

The AMPLICOR HIV-1 MONITOR Test is based on five major processes: specimen preparation: 
reverse transcription (RT) of target RNA to generate complementary DNA (cDNA); PCR 
amplification of target cDNA using HIV-1 specific complimentary primers; hybridization of the 
amplified products to oligonucleotide probes specific to the target(s); and detection of the probe- 
bound amplified products by calorimetric determination. 

The AMPLICOR HIV-1 MONITOR Test permits the reverse transcription and amplification of HIV-1 
and Quantitation Standard (QS) RNA to occur simultaneously. The Master Mix reagent contains a 
biotinylated primer pair specific for HIV-1 and QS target nucleic acid. 

The quantitation of HIV-1 viral RNA is performed using a Quantitation Standard (QS). The QS is a 
non-infectious RNA transcript that contains the identical primer binding sites as the HIV-1 target and 
a unique probe binding region that allows QS amplicon to be distinguished from HIV-1 amplicon. 
The QS is incorporated into each individual specimen at known copy number and is carried through 
the specimen preparation, reverse transcription, PCR amplification, hybridization and detection 
steps along with the HIV-1 target and is amplified along with the HIV-1 target. HIV-1 RNA levels in 
the test specimens are determined by comparing the absorbance of the specimen to the 
absorbance obtained for the Quantitation Standard. Therefore, the QS compensates for any effects 
of inhibition and controls for the amplification process to allow the accurate quantitation of each 
specimen. 

Specimen Preparation 

The AMPLICOR HIV-1 MONITOR Test can be used with either of two specimen processing 
procedures, the Standard procedure and the UltraSensitive procedure. With the Standard 
specimen processing procedure, HIV-1 RNA can be quantitated over the range of 400 - 750,000 
copies/ml. With the UltraSensitive procedure, HIV-1 RNA can be quantitated over the range of 50 - 
75,000 copies/ml. 

In the Standard specimen processing procedure, HIV-1 RNA is isolated directly from plasma by 
lysis of virus particles with a chaotropic agent followed by precipitation of the RNA with alcohol. 
With the UltraSensItIve specimen processtng procedure, HIV-1 viral particles are first pelleted from 
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the plasma specimen by high speed ultracentrifugatlon followed by lysis of the pelleted virus 
particles with a chaotropic agent and precipitation of the HIV-1 RNA with alcohol. A known number 
of QS RNA molecules is introduced into each specimen with the lysis reagent. The QS is carried 
through the specimen preparation, amplification and detection steps and is used for the quantitation 
of HIV-1 RNA in the test specimen. The QS compensates for any effects of inhibition to permit the 
.accurate quantitation of HIV-1 RNA in each specimen. 

Reverse Transcription and PCR Amplification 

The AMPLICOR HIV-1 MONITOR Test amplifies and detects a 142 base target sequence located 
in a highly conserved region of the HIV-1 gag gene 3o defined by the primers SK431 and SK462. , 
The gag region encodes the group-specific antigens or core structural proteins of the virion. The 
HIV-1 gag genes are generally about 1500 nucleotides in length and are located at the approximate 
positions 789-2290 in the HIV genome. 

The reverse transcription and amplification reactions are performed with the thermostable 
recombinant enzyme Themus themophdus DNA Polymerase (rTfh pol). In the presence of 
manganese and under the appropriate buffer conditions, rTth pol has both reverse transcriptase 
(RT) and DNA polymerase activity3’. This allows both reverse transcription and PCR amplification 
to occur in the same reaction mixture. 

Reverse Transcription 

The processed specimens are added to the amplification mixture in reaction tubes in which both 
reverse transcription and PCR amplification occur. The downstream or antisense primer (SK431) and 
the upstream or sense primer (SK462) are biotinylated at the 5’ ends. The reaction mixture is heated 
to allow the downstream primer to anneal specifically to the HIV-1 and QS target RNA. In the 
presence of excess deoxynucleoside triphosphates (dNTPs), including deoxyadenosine, 
deoxyguanosine, deoxycytidine, deoxyuridine and thymidine triphosphates, rTth pol extends the 
annealed primer forming a complementary (cDNA) strand. 

. PCR Amplification 

Following reverse transcription of the HIV-1 and QS target RNA, the reaction mixture is heated to 
denature the RNA:cDNA hybrid and expose the HIV-1 and QS target sequences. As the mixture 
cools, the upstream primer anneals to the cDNA strand, the rTth pol catalyzes the extension reaction, 
and a second DNA strand is synthesized. This completes the first cycle of PCR yielding a double 
stranded DNA copy (or amplicon) of each HIV-1 or QS RNA The reaction mixture is heated again to 
separate the resulting double-stranded DNA and expose the primer target sequences. As the mixture 
cools, the primers anneal to the target DNA. rTth pol, in the presence of excess dNTPs, extends the 
annealed primers along the target templates to produce a 142 base pair sequence termed an 
amplicon. This process is repeated for a number of cycles, each cycle effectively doubling the 
amount of amplicon. Amplification occurs only in the region of the HIV-1 genome between the 
primers. The entire HIV-1 genome is not amplified. 

Selective Amplification 

Selective amplification of target nucleic acid from the clinical specimen in the AMPLICOR HIV-1 
MONITOR Test is achieved by the use of AmpErase@ and deoxyuridine triphosphate (dUTP). 
AmpErase (uracil-N-glycosylase, UNG) recognizes and catalyzes the destruction of DNA strands 
containing deoxyuridine3’, but not DNA containing thymidine. Deoxyuridine is not present in 
naturally occurring DNA, but is always present in amplicon due to the use of deoxyuridine 
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triphosphate as one of the dNTPs in the Master Mix reagent; therefore, only amplicon contain 
deoxyuridine. Deoxyuridine renders contaminating amplicon susceptible to destruction by 
AmpErase prior to amplification of the target DNA. AmpErase, which is included in the Master Mix 
Reagent, catalyzes the cleavage of deoxyuridine containing DNA at deoxyuridine residues by 
opening the deoxyribose chain at the Cl-position. When heated in the first thermal cycling step at 
the alkaline pH of Master Mix, the amplicon DNA chain breaks at the position of the deoxyuridine, 
thereby rendering the DNA non-amplifiable. AmpErase is inactive at temperatures above 55X, i.e., 
throughout the thermal cycling steps, and therefore does not destroy target amplicon. Following 
amplification, any residual enzyme is denatured by the addition of the denaturation solution, thereby 
preventing the degradation of target amplicon. AmpErase in the AMPLICOR HIV-1 MONITOR Test 
has been demonstrated to inactivate at least lo3 copies of deoxyuridine-containing HIV-1 amplicon 
per PCR. 

Hybridization Reaction 

Following PCR amplification, the HIV-1 and QS amplicons are chemically denatured to form single 
stranded DNA by the addition of denaturation solution, and aliquots are added to separate wells of a 
microwell plate (MWP) coated with HIV-l-specific (SK102) and QS-specific (CP35) oligonucleotide 
probes. HIV-1 and QS amplicons are bound to HIV-1 and QS wells, respectively, by hybridization 
to the MWP-bound probes. To achieve quantitative results over a large dynamic range, serial 
dilutions of the denatured amplicon are analyzed in the MWP. 

Detection Reaction 

Following the hybridization reaction, the MWP is washed to remove any unbound material, and an 
avidin-horseradish peroxidase conjugate (Av-HRP) is added to each well of the MWP. The Av-HRP 
binds to the biotin-labeled amplicon captured by the plate-bound oligonucleotide probes. The MWP 
is washed again to remove unbound Av-HRP and a substrate solution containing hydrogen 
peroxide and 3,3’,5,5’-tetramethylbenzidine (TMB) is added to the wells. In the presence of 
hydrogen peroxide, the bound horseradish peroxidase catalyzes the oxidation of TMB to form a 
color complex. The reaction is stopped by addition of a weak acid, and the optical density at 450 
nm is measured using an automated microwell plate reader. 

HIV-l RNA QUANTITATION 

The AMPLICOR HIV-1 MONITOR Test quantitates viral load by utilizing a second target sequence 
(QS) that is added to the amplification mixture at a known concentration. The QS is a non- 
infectious 219 base in vitro transcribed RNA molecule with primer binding regions identical to those 
of the HIV-1 target sequence. The QS, therefore, contains SK431 and SK462 primer binding sites 
and generates an amplification product of the same length (142 bp) and base composition as the 
HIV-1 target. The probe binding region of the QS has been modified to differentiate QS-specific 
amplicon from HIV-1 target amplicon. 

Within the linear range of the assay, the optical density (OD) in each well of the MWP is 
proportional to the amount of HIV-1 or QS amplicon in the well, and the total optical density is 
proportional to the amount of HIV-1 or QS RNA, respectively, input into each reverse transcription/ 
PCR amplification reaction. The amount of HIV-1 RNA in each specimen is calculated from the 
ratio of the total optical density for the HIV-l-specific well to the total optical density for the QS- 
specific well and the input number of QS RNA molecules using the following equation: 
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Total HIV-1 OD l Input HIV-1 QS copies / PCR reaction l Dilution Factor = HIV-1 RNA copies/ml 
Total QS OD 

Where: 
Total HIV-1 OD = calculated total OD for HIV-1 amplicon 

Total QS OD = calculated total OD for QS amplicon 

Input HIV-l QS copies/PCR = the number of copies of QS in each reaction; this information 
is lot specific and is entered by user 

Dilution Factor = factor to convert copies/PCR to copies/ml 
. Dilution Factor = 40 for the Standard Procedure 
. Dilution Factor = 4 for the UltraSensitive Procedure 

REAGENTS 

AMPLICOR HIV-1 MONITOR Test 
(US:83088) 

HIV-1 MONITOR Specimen Preparation Reagents 

HIV-1 LYS 
(HIV-1 MONITOR Lysis Reagent) 

Tris HCI buffer 
68% Guanidine thiocyanate 
3% Dithiothreitol 
< 1% Glycogen 

Xn X 

I 

68% (w/w) guanidine thiocyanate 

Harmful 

. 
HIV-1 QS 
(HIV-1 MONITOR Quantitation Standard) 
Tris-HCI buffer 

< 0.001% Non-infectious in vitro transcribed RNA (microbial) containing 
HIV-l primer binding sequences and a unique probe binding region 

< 0.005 % Poly rA RNA (synthetic) 
EDTA 
Amaranth dye 
0.05% Sodium azide 

HIV-1 DIL 
(HIV-1 MONITOR Specimen Diluent) 

Tris-HCI buffer 
c 0.005 % Poly rA RNA (synthetic) 
EDTA 
0.05% Sodium azide 
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2 x 9.0 mL 

2x0.1 mL 

2 x 4.8 mL 
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AMPLICOR HIV-1 MONITOR Control Reagents 

NHP 
[Negative Plasma (Human)] 

Human plasma, non-reactive by FDA licensed tests for 
antibody to HCV, antibody to HIV-l/2, and HBsAg 

0.1% ProClinB 300 

HIV-1 (-) C 
(HIV-l MONITOR (-) Control) 

Tris-HCI buffer 
< 0.005% Poly rA RNA (synthetic) 
EDTA 
0.05% Sodium azide 

HIV-1 L(+)C 
(HIV-1 MONITOR Low (+) Control) 

Tris-HCI buffer 
<O.OOl% Non-infectious in vitro transcribed RNA (microbial) containing 

HIV-l sequences 
<0.005% Poly rA RNA (synthetic) 
EDTA 
0.05% Sodium azide 

HIV-1 H(+)C 
(HIV-l MONITOR High (+) Control) 

Tris-HCI buffer 
<O.OOl% Non-infectious in vitro transcribed RNA (microbial) containing 

HIV-l sequences 
~0.005% Poly rA RNA (synthetic) 
EDTA 
0.05% Sodium azide 

AMPLICOR HIV-1 MONITOR Amplification Reagents 

HIV-1 MMX 
(HIV-l MONITOR Master Mix) 

Bicine buffer 
Glycerol 
~0.01% rTth DNA Polymerase (rTth pol, microbial) 
Potassium acetate 
~0.07% dATP, dCTP, dGTP, -lTP, dUTP 
<O.OOl% SK431 and SK462 primers, biotinylated 
~0.01% AmpErase@ (microbial) 

0.05% Sodium azide 
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2 x 0.05 mL 

2 x 0.05 mL 

2 x 0.05 mL 

2 x 0.5 mL 
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HIV-l Mn” 
(HIV-1 MONITOR Manganese Solution) 

2% Manganese acetate 
Acetic acid 
Amaranth dye 
0.05% Sodium azide 

AMPLICOR HIV-1 MONITOR Detection Reagents 

HIV-l MONITOR MWP 2xl2Tests 

(HIV-1 MONITOR Microwell Plate) 
MWP coated with HIV-1 specific DNA probe (Rows A to F) and 

QS-specific probe (Rows G to H) 
Twelve, 8-well strips in one resealable pouch with desiccant 

[l] MONITOR DN 
(MONITOR Denaturation Solution) 

1.6% sodium hydroxide 
EDTA 
Amaranth dye 

Xi TI 1.6% (w/w) sodium hydroxide 

Irritant 

[2] MONITOR HYB 
(MONITOR Hybridization Buffer) 
Sodium phosphate solution 
< 25% Sodium thiocyanate 
< 0.2% solubilizer 

. 
[3] AV-HRP 
(Avidin-Horseradish Peroxidase Conjugate) 

Tris HCI buffer 
<O.OOl% Avidin-horseradish peroxidase conjugate 
Bovine gamma globulin (mammalian) 
Emulsit 25 (Dai-ichi Kogyo Seiyaku Co., Ltd) 
0.1% Phenol 
1% ProClin 150 

[4A] SUB A 
(Substrate A) 

Citrate solution 
0.01% Hydrogen peroxide 
0.1% ProClin 150 
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