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(57) ABSTRACT 

This invention pertains to a novel method to screen the 
ef?cacy of various anti-viral, and especially anti-HIV and 
HCV agents by using a novel real-time polymerase chain 
reaction technique. This method can also be applied to 
toxicity screening, especially of mitochondrial toxicity of 
these compounds as Well. 
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SIMULTANEOUS QUANTIFICATION OF NUCLEIC 
ACIDS IN DISEASED CELLS 

FIELD OF THE INVENTION 

[0001] This application is in the area of processes for the 
detection and analysis of viral infections and mitochondrial 
toxicity, and for processes for the identi?cation of active 
compounds for the treatment of viral infections and pro 
cesses to measure mitochondrial toxicity resulting from drug 
therapies. 
[0002] This application claims priority to US. Provisinal 
Application No. 60/241,488, ?led on Oct. 18, 2000, US. 
Provisinal Application No. 60/256,067 ?led on Dec. 15, 
2000 and US. Provisinal Application No. 60/282,156, ?led 
on Apr. 6, 2001. 

BACKGROUND OF THE INVENTION 

[0003] The detection and quanti?cation of nucleic acid 
sequences is of importance for a Wide range of applications. 
The most Widely used method to detect nucleic acids are 
based on the polymerase chain reaction (PCR). PCR is used 
to amplify a segment of DNA ?anked by stretches of knoWn 
sequences. TWo oligonucleotides binding to these knoWn 
?anking sequences are used as primers for a series of in vitro 
reactions that are catalyZed by a DNA polymerase. These 
oligonucleotides typically have different sequences and are 
complementary to sequences that lie on opposite strands of 
the template DNA and ?ank the segment of DNA that is to 
be ampli?ed. The template DNA is ?rst denatured by heat in 
the presence of a large molar excess of each of the tWo 
oligonucleotides and the four 2‘-deoxynucleotide triphos 
phates. The reaction mixture is then cooled to a temperature 
that alloWs the oligonucleotide primers to anneal to their 
target sequences. AfterWards, the annealed primers are 
extended by the DNA polymerase. The cycle of denatur 
ation, annealing, and DNA-synthesis is then repeated about 
10 to 50 times. Since the products of one cycle are used as 
a template for the next cycle the amount of the ampli?ed 
DNA fragment is theoretically doubled With each cycle 
resulting in a PCR-ef?ciency of 100%. 

[0004] “Real-time PCR” refers to a polymerase chain 
reaction that is monitored, usually by ?uorescence, over 
time during the ampli?cation process, to measure a param 
eter related to the extent of ampli?cation of a particular 
sequence, such as the extent of hybridiZation of a probe to 
ampli?ed target sequences. The DNA generated Within a 
PCR is detected on a cycle by cycle basis during the PCR 
reaction. The amount of DNA increases faster the more 
template sequences are present in the original sample. When 
enough ampli?cation products are made a threshhold is 
reached at Which the PCR products are detected. Thus 
ampli?cation and detection are performed simultaneously in 
the same tube. 

[0005] In biological research, PCR has accelerated the 
study of testing for communicable diseases. Medical appli 
cations of PCR include identifying viruses, bacteria and 
cancerous cells in human tissues. PCR can even be used 
Within single cells, in a procedure called in situ (in-site) 
PCR, to identify speci?c cell types. PCR can also be applied 
to the ampli?cation of RNA, a process referred to as reverse 
transcriptase PCR (RT-PCR). RT-PCR is similar to regular 
PCR, With the addition of an initial step in Which DNA is 
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synthesiZed from the RNA target using an enZyme called a 
reverse transcriptase. AWide variety of RNA molecules have 
been used in RT-PCR, including ribosomal RNA, messenger 
RNA and genomic viral RNA. 

[0006] PCR itself is quite simple, but sample preparation 
can be laborious. The goals of sample preparation include 
the release of nucleic acid (DNA or RNA), concentration of 
the nucleic acid to a small volume for PCR, and removal of 
inhibitors of PCR. Inhibitors of PCR are naturally occurring 
substances Which reduce the efficiency of PCR, and Which 
are often present in clinical samples. When the specimen 
contains a large amount of target nucleic acid, sample 
preparation is trivial. But sample preparation is more dif? 
cult in most clinical specimens, particularly When a large 
volume specimen must be processed and only a feW patho 
gens are present. Complex protocols are often required. 

[0007] Since PCR detects the presence or absence of a 
particular nucleic acid target, it Will only detect a pathogen 
if its nucleic acid is present in the particular specimen. PCR 
detects nucleic acids from living or dead microbes. This 
must be recogniZed if PCR is used to monitor response to 
therapy. PCR provides at most nucleic acid sequence infor 
mation. PCR can be used to screen for drug resistance 
mutations, but it does not provide direct antibiotic suscep 
tibility data. 
[0008] Appropriate controls are necessary When PCR is 
used diagnostically. These include negative controls, posi 
tive controls and speci?city controls. Negative controls (no 
target DNA) are needed to detect contamination. Contami 
nation can occur during sample preparation or reagent 
mixing, so negative controls need to be processed in parallel 
With clinical samples. Negative controls should be inter 
spersed among the samples to detect cross-contamination 
from sample to sample. Contamination is frequently inter 
mittent; a suf?cient number of negative controls must be 
included to detect loW rates of contamination. Most pub 
lished studies have not included a suf?cient number of 
negative controls. 
[0009] Positive controls include a small number of target 
DNA copies. Positive controls are needed to ensure ef?cient 
release of target DNA from pathogens, to guard against loss 
of DNA during sample processing, and to identify the 
presence of inhibitors (natural substances sometimes present 
in clinical samples that reduce PCR ef?ciency). Positive 
controls should be processed in parallel With clinical speci 
mens. Clinical specimens vary in the presence of inhibitors 
of PCR, and it may be necessary to add an internal positive 
control for each sample. The internal positive controls have 
the same recognition sites as the target DNA, but are 
designed With some difference in the internal sequence. 
Ampli?cation of the internal positive controls can be dis 
tinguished from that of the real target DNA. 

[0010] Speci?city controls are needed to determine the 
range of target DNAs that Will be ampli?ed by the PCR 
assay. For assays designed to detect pathogens in clinical 
samples, human DNA samples must be tested to ensure that 
the PCR primers do not recogniZe a human DNA target by 
chance. Related pathogens must be tested to determine the 
range of species/strains that Will be ampli?ed. Speci?city 
controls are needed only once, When a neW PCR assay is 
designed. Negative and positive controls must be included 
every time samples are processed, and should be processed 
simultaneously With the clinical samples. 
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[0011] PCR has been used in three broad categories of 
diagnostic procedures, namely detection, characterization 
and quanti?cation. 

[0012] Detection is the most dif?cult PCR procedure, 
especially When the number of pathogens in the specimen is 
loW. The PCR must be conducted under conditions of high 
sensitivity. Many temperature cycles are used, or a nested 
protocol is used in Which the products from the ?rst reaction 
are re-ampli?ed With a second set of primers. This makes 
PCR for detection especially prone to carryover contamina 
tion. Sample preparation may be laborious, as there is an 
attempt to process as large a specimen volume as possible. 
Inhibitors of PCR occur naturally in many clinical samples, 
and are a major limitation. Numerous positive and negative 
controls must be included as described above. 

[0013] In a characteriZation procedure, nucleic acid vari 
ants are identi?ed based on the nucleic acid sequence 
betWeen the tWo PCR primers. Many techniques can be used 
to detect variable sequences, including length polymor 
phism, changes in restriction sites, and direct DNA sequenc 
ing. This is often the easiest type of PCR to carry out 
clinically. Ample quantities of nucleic acid target can be 
present in the specimen, either an already groWn bacterial or 
viral culture or a clinical sample With large numbers of 
microbes. Goals can include rapid detection of drug resis 
tance mutations, assignment of strains to clinically mean 
ingful phylogenetic groups, or epidemiological tracing. 

[0014] Quantitation (indicationg hoW many copies of the 
target nucleic acid are present) has primarily been applied to 
chronic viral infections, especially hepatitis C virus (HCV) 
and human immunode?ciency virus (HIV) infections. The 
level of viremia has prognostic implications, and has been 
used to demonstrate response to antiviral drugs. PCR is quite 
sensitive, but it is not inherently quantitative. The amount of 
the ?nal PCR product is usually similar from an initial 
sample containing 10 or 10,000 copies. This limitation can 
be overcome by serial dilution of the clinical sample until no 
target DNA is detected, or by the addition of synthetic 
competitor DNA molecules. The competitor molecules have 
regions complementary to the tWo primers, but differ in 
some Way from the natural target (e.g., a different length). 
By comparing the amount of the natural and competitor PCR 
products, a rough estimation of the number of target mol 
ecules in the sample is possible. 

[0015] PCR has been applied in the research setting to 
hundreds of pathogens, and has yielded important insights 
into pathogenesis and epidemiology of many infectious 
diseases. For clinical purposes, PCR-based diagnostic tests 
are best applied When the folloWing conditions are ful?lled: 
(1) The results of the test Will make a clear clinical difference 
and a therapy Will be given or Withheld based on the results 
of PCR; (2) routine culture methods are limited because the 
microbe cannot be groWn (e.g., Mycobacterium leprae, 
HCV), groWs sloWly (e.g., M. tuberculosis), or is dif?cult to 
culture (e.g., Brucella species, HIV); and (3) there is an 
accessible clinical specimen Which contains large numbers 
of microbes (e.g., blood for HCV or HIV). 

[0016] PCR has been useful in a variety of chronic virus 
infections (HIV, HCV, hepatitis B virus, human papilloma 
virus and cytomegalovirus). PCR has been crucial for the 
detection of HIV infection in neonates, since maternal 
antibodies complicate serologic diagnosis. Quantitation of 
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HIV and HCV viremia by PCR has important prognostic 
implications, and has been used to monitor response to drug 
therapy. PCR is useful for the rapid diagnosis of pulmonary 
infections in immuno-compromised hosts, particularly for 
cytomegalovirus and Pneumocystis carinii. 

[0017] HIV 

[0018] The human immunode?ciency virus type-1 (HIV 
1) is a retrovirus belonging to the family of the Lentiviridae. 
One of the characteristic features of this virus group is that 
the members replicate over a DNA intermediate through the 
viral encoded reverse transcriptase (RT) enZyme activity. 
The high replication rate combined With the loW ?delity of 
that reverse transcriptase enZyme provides the virus With an 
extremely high genomic ?exibility. As a consequence, dif 
ferent levels of genetic variability are observed for HIV-1. 
The epidemic is characteriZed by the presence of clades 
Within the M-group virus, but there is also an O-group and 
an N-group virus described, each of them again harboring a 
variety of clades. Quasispecies populations Within the 
infected individual are also seen. Clinically, there are some 

important consequences to this quasispecies concept, for 
example, in vaccine development and immune escape. This 
concept contributes to the emergence of drug resistant 
variants that surface under antiviral treatments. 

[0019] In order to control the course of the disease in 
infected individuals, potent highly active anti-retroviral 
therapies (HAART) have been designed. Due to the ongoing 
replication of the virus, anti-retroviral drug resistance even 
tually develops, leading to therapy failure. Therefore, there 
is an ongoing need for more and more potent anti-HIV-1 
drugs. 
[0020] To assess the ef?cacy of drugs in the treatment of 
patients in vivo, clinical markers of virus replication needed 
to be de?ned. In the past, some surrogate markers, like 
CD-cell count, have been used. More recently, some com 
mercial assays like Quantiplex (Chiron), NucliSense (Orga 
non-Teknika) and Amplicor HIV-1 Monitor (Roche) Were 
developed to directly measure viral load. These viral load 
determinations proved to be an excellent tool in monitoring 
therapeutic efficiency for HAART and for clinical trials With 
neW experimental drugs. 

[0021] The design of an HIV-1 viral load test is a real 
challenge. Ideally, a viral load test should ful?ll to the 
folloWing criteria: 

[0022] i) be able to detect the huge variability of 
clades Within one group With the same ef?ciency; 

[0023] ii) have a dynamic range of at least ?ve logs 
or higher; and 

[0024] iii) the loWer limit of detection should be as 
loW as a feW viral copies/mL. 

[0025] Although variability at the PCR-primer binding 
sites is a real concern in assay development, RT-PCR based 
assays are considered as the most sensitive technologies. 

[0026] Mitochondrial Toxicity 

[0027] Mitochondrial toxicity is clearly recogniZed as an 
adverse effect of long-term use of antiviral agents, in par 
ticular reverse transcriptase inhibitors. Clinical features of 
this mitochondrial toxicity vary depending on the tissues 
that are affected. It is largely dependent on the aerobic 
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metabolism needed for energy supply required for that 
particular tissue. Most toxic events are reversible at an early 
stage, however lactic acidosis is often irreversible and can 
result in death. 

[0028] The common pathWay of antiviral agent induced 
toxicity is mitochondrial dysfunction. The antiviral agent 
(most likely the triphosphate form of a nucleoside analogue) 
inhibits the mitochondrial DNA polymerase y leading to the 
loss of mitochondria. This enZyme is essential for the 
replication of the mitochondrial genome. Tissues With high 
ATP demand are most susceptible to mitochondrial toxicity. 

[0029] The mechanism underlying this mitochondrial dys 
function includes failure of energy dependent ionic balance. 
Subsequently, there is an increase in intracellular calcium, 
initiating lipolysis and proteolysis, and leading to the accu 
mulation of lactic acid and partial reduction of the respira 
tory activities. 

[0030] Since the mitochondrial dysfunction develops over 
months and symptoms are initially mild, it is important to 
develop sensitive diagnostic tests that alloW determination 
of the enZyme activity and inhibition by the selected anti 
viral agent. Evenly important, neW candidate antiviral agents 
need to be evaluated for their unfavorable DNA polymerase 
y inhibiting capacities. 

[0031] Hepatitis C 

[0032] Hepatitis C virus (HCV) infection is a pandemic 
infection, and is a major cause of liver disease. Reports of 
successful treatment of HCV infection With interferon have 
increased interest in applications of RT-PCR. 

[0033] Available tests for HCV infection are limited. Ini 
tial serologic tests for HCV had poor sensitivity. Second and 
third-generation serologic tests have improved sensitivity, 
but are still not completely dependable. HCV RNA is readily 
detected in serum using RT-PCR. Viremic patients typically 
have very high viral titers. 

[0034] PCR has been applied to the diagnosis of HCV 
infection in a variety of clinical settings. HCV can be 
detected as early as one Week after infection, and PCR can 
be used to detect HCV infection during the “Window” period 
betWeen infection and seroconversion. HCV PCR is useful 
for detecting HCV in seronegative individuals With liver 
disease. It can be used to con?rm maternal to fetal spread of 
HCV. HCV PCR may be useful in the evaluation of serop 
ositive individuals as candidates for interferon or other 
therapies. Portions of HCV-seropositive patients are nega 
tive by HCV PCR, and may have resolved their infections. 
PCR-negative individuals have loWer serum transaminase 
concentrations and less histologic activity on liver biopsies. 
Long-term folloW-up studies are needed, but it may be 
reasonable to Withhold therapy from patients With negative 
HCV PCR results. 

[0035] The amount of HCV viremia can be determined by 
either quantitative PCR. PCR is sensitive and is quantitative 
over a Wide range of viral titers. High-titer viremia is 
correlated With an advanced disease stage. The prognostic 
value of HCV quantitation aWaits prospective studies, but 
the level of viremia may be useful in selecting candidates for 
therapy. Quantitative HCV PCR also appears to be useful in 
monitoring the response to therapy. 
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[0036] WO 00/44936 ?led by Bavarian Nordic Research 
Institute A/S describes a real-time PCR method for the 
detection and quanti?cation of variants of nucleic acid 
sequences Which differ in the probe-binding site. The 
method is based in the complete or partial ampli?cation of 
the same region of the variants and the addition of tWo or 
more oligonucleoitde probes to the same PCR mixture, each 
probe being speci?c for the probe-binding site of at least one 
variant. 

[0037] WO 01/66799 ?led by E.I. DuPont Nemours and 
Company discloses a PCR-based dsDNA quanti?cation 
method that monitors the ?uorescence of a target, Whose 
melting characteristics is predetermined, during each ampli 
?cation cycle at selected time points. By selecting targets 
With distinguishing melting curve characteristics, multiple 
targets can be simultaneously detected. 

[0038] WO 00/68436 ?led by Nationales Zentrum fur 
Retroviren discloses sequences alloWing the detection and 
quanti?cation of human immunode?ciency virus. 

[0039] US. Pat. No. 6,235,504 assigned to the Rockefeller 
University describes methods for identifying genetic 
sequences useful as genomic equivalent markers for organ 
isms. 

[0040] US. Pat. No. 6,210,875 discloses a process for 
determining the ef?cacy of antiviral therapy in an HIV 
infected host that includes detecting the level of transcrip 
tionally active HIV in the monocytes of the subject at a 
plurality of times by simultaneously exposing the mono 
cytes to an oligonucleotide probe that speci?cally binds to at 
least a portion of HIV mRNA and exposing the monocytes 
to an antibody, Wherein the oligonucleotide probe is labeled 
With a ?uorescent label, comparing the detected HIV levels, 
and correlating the HIV levels over time With the therapy 
regimen. 

[0041] US. Pat. No. 5,843,640 discloses an in situ process 
of simultaneously detecting a speci?c predetermined nucleic 
acid sequence and a speci?c predetermined cellular antigen 
in the same cell. 

[0042] Articles describing PCR, including real-time PCR 
procedures include: Gibson U E M, Heid C A, Williams P M. 
A novel method for real-time quantitative RT-PCR. Genome 
Res 1996;61995-1001; Heid C A, Stevens J, Livak K J, 
Williams P M. Real-time quantitative PCR. Genome Res 
1996; 61986-994; Livak K J, Flood S JA, Marmaro J, Giusti 
W, DeetZ K. Oligonucleotides With ?uorescent dyes at 
opposite ends provide a quenched probe system useful for 
detecting PCR product and nucleic acid hybridiZation. PCR 
Methods Appl 1995;4z357-362; Holland P M, Abramson R 
D, Watson R, Gelfand D H. Detection of speci?c polymerase 
chain reaction product by utiliZing the 5-3‘ exonuclease 
activity of Thermus aquaticus DNA polymerase. Proc Natl 
Acad Sci USA 1991;88:7276-7280; Gerard C J, Olsson K, 
Ramanathan R, Reading C, Hanania E G. Improved quan 
titation of minimal residual disease in multiple myeloma 
using real-time polymerase chain reaction and plasmid 
DNA complementarity determining region III standards. 
Cancer Res 1998;58:3957-3964; Gelmini S, Orlando C, 
Sestini R, et al. Quantitative polymerase chain reaction 
based homogeneous assay With ?uorogenic probes to mea 
sure c-erB-2 oncogene ampli?cation. Clin Chem 
1997;43:752-758; deKok J B, Hendriks J C M, van Solinge 
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W W, Willems H L, Mensink E J, SWinkels D W. Use of 
real-time quantitative PCR to compare DNA isolation meth 
ods. Clin Chem 1998;4412201-2204; Lockey C, Otto E, 
Long Z. Real-time ?uorescence detection of a single DNA 
molecule. Biotechniques 1998;241744-746; Marcucci G, 
Livak K J, Bi W, Strout M P, Bloom?eld C D, Caligiuri M 
A. Detection of minimal residual disease in patients With 
AML1/ETO-associated acute myeloid leukemia using a 
novel quantitative reverse transcription polymerase chain 
reaction assay. Leukemia 1998;1211482-1489; Surya 
narayana K, Wiltrout TA, Vasquez G M, Hirsch V M, Lifson 
J D. Plasma SIV RNA viral load determination by real-time 
quanti?cation of product generation in reverse transcriptase 
polymerase chain reaction. AIDS Res Hum Retroviruses 
1998;141183-189; Morris T, Robertson B, Gallagher M. 
Rapid reverse transcription-PCR detection of hepatitis C 
virus RNA in serum by using the TaqMan ?uorogenic 
detection system. J Clin Microbiol 1996;3412933-2936; 
SWan D C, Tucker R A, HolloWay B P, Icenogle J P. A 
sensitive, type-speci?c, ?uorogenic probe assay for detec 
tion of human papillomavirus DNA. J Clin Microbiol 
1997;351886-891; McGoldrick A, LoWings J P, Ibata G, 
Sands J J, Belak S, Paton D J. A novel approach to the 
detection of classical sWine fever virus by RT-PCR With a 
?uorogenic probe (TaqMan). J Virol Methods 1998;72:125 
135; Abe, A., K. Inoue, T. Tanaka, J. Kato, N. Kajiyama, R. 
KaWaguchi, S. Tanaka, M. Yoshiba, and M. Kohara 1999. 
Quantitation of hepatitis B virus genomic DNA by real-time 
detection PCR. J Clin Microbiol. 3712899-2903; Aberham, 
C., C. Pendl, P. Gross, G. Zerlauth, and M. Gessner 2001. A 
quantitative, internally controlled real-time PCR Assay for 
the detection of parvovirus B19 DNA. J Virol Methods. 
921183-191; Bisset, L. R., S. Bosbach, Z. Tomasik, H. LutZ, 
J. Schupbach, and J. Boni 2001. Quanti?cation of in vitro 
retroviral replication using a one-tube real-time RT-PCR 
system incorporating direct RNA preparation. J Virol Meth 
ods. 911149-155; Cane, P. A., P. Cook, D. Ratcliffe, D. 
Mutimer, and D. Pillay 1999. Use of real-time PCR and 
?uorimetry to detect lamivudine resistance-associated muta 
tions in hepatitis B virus. Antimicrob Agents Chemother. 
4311600-1608; Cubie, H. A., A. L. Seagar, E. McGoogan, J. 
Whitehead, A. Brass, M. J. Arends, and M. W. Whitley 2001. 
Rapid real time PCR to distinguish betWeen high risk human 
papillomavirus types 16 and 18. Mol Pathol. 54124-29; 
Desire, N., A. Dehee, V. Schneider, C. Jacomet, C. Goujon, 
P. M. Girard, W. RoZenbaum, and J. C. Nicolas 2001. 
Quanti?cation of human immunode?ciency virus type 1 
proviral load by a TaqMan real-time PCR assay. J Clin 
Microbiol. 3911303-1310; Gault, E., Y. Michel,A. Dehee, C. 
Belabani, J. C. Nicolas, and A. Garbarg-Chenon 2001. 
Quanti?cation of human cytomegalovirus DNAby real-time 
PCR. J Clin Microbiol. 391772-775; Gruber, E, F. G. 
Falkner, F. Dorner, and T. Hammerle 2001. Quantitation of 
viral DNA by real-time PCR applying duplex ampli?cation, 
internal standardiZation, and tWo-color ?uorescence detec 
tion. Appl Environ Microbiol. 6712837-2839; Jabs, W. J ., H. 
Hennig, M. Kittel, K. Pethig, F. Smets, P. Bucsky, H. 
Kirchner, and H. J. Wagner 2001. NormaliZed quanti?cation 
by real-time PCR of Epstein-Barr virus load in patients at 
risk for posttransplant lymphoproliferative disorders. J Clin 
Microbiol. 391564-569; Josefsson, A., K. Livak, and U. 
Gyllensten 1999. Detection and quantitation of human pap 
illomavirus by using the ?uorescent 5‘ eXonuclease assay. J 
Clin Microbiol. 371490-496; Kato, T., M. MiZokami, M. 
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[0043] Although assays exist for the diagnosis and evalu 
ation of viral infections, additional assays and kits are 
needed that provide a more sensitive or precise analysis of 
the condition of a diseased cell. More sensitive and precise 
methods are also needed to assess the activity of a compound 
or substance against a target virus and to assess host toxicity 
induced by the compound or substance. 

[0044] It is therefore an object of the present invention to 
provide a process for the identi?cation of active compounds 
for the treatment of viral infections. 

[0045] It is another object of the present invention to 
provide a process to measure mitochondrial toxicity. 

[0046] It is another object of the present invention to 
provide a process for the detection and analysis of viral 
infections. 

[0047] It is a further object of the invention to provide a 
process for the detection and analysis of mitochondrial 
toxicity. 
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SUMMARY OF THE INVENTION 

[0048] Processes and methods for the simultaneous quan 
ti?cation of nucleic acids in diseased cells that are based on 
real-time PCR are provided. The real-time-PCR protocol is 
an excellent tool for reliable quanti?cation of in vitro drug 
screening and evaluation protocols to determine the ef?cacy 
of potential anti-viral agents. Quanti?cation using these 
simulateous PCR cycle threshold (Ct) detection techniques 
during one-step real-time RT-PCR (Applied Biosystems, 
CA) eliminates the variability resulting from quanti?cation 
of end-point RT-PCR products. In addition, the mitochon 
drial toxicity assay is an added tool to assess potential 
side-effects for these chemotherapeutic agents. 

[0049] This real time multiplex PCR system includes the 
simultaneous measurements of cellular DNA (for example 
rDNA) or cellular RNA (for example rRNA or [3-actin 
m-RNA), and viral RNA or DNA. In one embodiment, the 
simultaneous real time analysis of host and viral nucleic acid 
alloWs the calculation of a sensitivity assay that indicates the 
comparative condition of the host cell and the virus. In a 
separate aspect of the invention, multiplex PCR is used to 
simultaneously measure the nuclear and the mitochondrial 
nucleic acid of a cell to provide information on drug toxicity, 
or to evaluate a cell (in vivo or in vitro) that may exhibit a 
disease that involves mitochondrial toxicity, such as periph 
eral neuropathy, peripheral lipodystrophy, or a genetic dis 
ease that causes a disruption in mitochondrial DNA or RNA 
synthesis. 

[0050] The methods and processes are economic, non 
radioactive, rapid, accurate, reproducible, and amenable to 
large through-put. It can provide a dynamic range of quan 
ti?cation With linearity of over 5-7 logs. One Way to express 
the antiviral effectiveness of a compound is to subtract the 
threshold RT-PCR cycle of the test compound With the 
average threshold RT-PCR cycle of the negative control. 
This value is called DeltaCt (ACt). A ACt of 3.3 equals a 
1-log reduction (equals ECQO) in viral nucleic acid produc 
tion. Compounds that result in a reduction of viral nucleic 
acid greater than 1.5, or more preferred, 2 Ct values (75% 
reduction of viral nucleic acid) are typically useful com 
pounds for the inhibition of viral groWth. 

[0051] With the availability of both the viral ACt data and 
the host ACt, a speci?city parameter can be introduced. This 
parameter is obtained by subtracting the host ACt value from 
the viral ACt value. This results in AACt values; a value 
above 0 means that there is more inhibitory effect on the 
viral nucleic acid, a AACt value beloW 0 means that the host 
nucleic acid is more affected. As a general rule, AACt values 
above 2 are considered as signi?cantly different from the 
no-drug treatment control, and hence, exhibits useful anti 
viral activity. HoWever, compounds With a AACt value of 
less than 2, but shoWing limited molecular cytotoxicty data 
(rRNAACT betWeen 0 and 2) may also be desired for certain 
applications requiring compounds With loW toxicity. 

[0052] As an example, a compound might reduce the host 
RNA polymerase activity, but not the host DNA polymerase 
activity. Therefore, quanti?cation of rDNA or [3-actin DNA 
(or any other host DNA fragment) and comparison With 
DNA levels of the no-drug control is a relative measurement 
of the inhibitory effect of the test compound on cellular DNA 
polymerases. With the availability of both the HCV ACt data 
and the rDNA ACt, a speci?city parameter can be intro 
















































