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ABSTRACT 

Background and Objectives: PCR is a sensitive assay and could be used as an accurate diagnostic method for detecting vari-
ous types of microorganisms’ genome in low concentration in biological specimens. The demand for sensitive, rapid, safe and 
easy detection of PCR products has led researchers to a combination of this method with ELISA. 
Materials and Methods: Conserved sequences were selected for design of primers. Samples were tested by ELISA (for detec-
tion of specific HIV and HCV proteins) and real- time PCR for detection of specific nucleic acid and viral genome respective-
ly. Viral genome was extracted and reverse transcription was performed with M-Mulv and the cDNA kept at -80º C. The PCR 
products were labeled by DIG-dUTP. Diluted PCR products were analyzed with both electrophoresis and ELISA methods.
Results: Thirty-five samples were tested with the PCR-ELISA method. False positive or negative reactions were not observed. 
ELISA results of diluted products were compared with results obtained by electrophoresis. In gel electrophoresis, dilution of 
1/10 was positive, but in ELISA, optical density of 1/100 dilution was much more than the cut-off value. 
Conclusion: Detection limits for gel electrophoresis as well as ELISA have been evaluated. It was shown that the PCR-ELISA 
method is ten times more sensitive than conventional PCR.
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INTRODUCTION

The introduction of nucleic acid amplification 
strategies have found important applications in 
biomedicine, monitoring antiviral therapy, improving  the 
safety of blood supplies and diagnostic techniques in  
clinical laboratories (1, 2). Study of viral infections has 
benefited much from these technologies. Detection 
of very low copy number of genome allows laborato-
ries to make an early and rapid diagnosis of life threaten-
ing infectious agents (1, 3-6). For a long time, efforts 
have been made to employ multiplex-PCR techniques 
or reverse transcription (RT)- polymerase chain reaction 
(PCR) for detection of several infectious agents  in 
co-infected patients simultaneously (7, 8). For this 
purpose, several pairs of primers or probes are designed 
to  amplify  specific target sequences simultaneously 
at a high speed and with high efficiency (9, 10).  This 

allows visualization of amplicons routinely done by 
gel electrophoresis which differentiates products of 
different size by ethidium bromide staining and by 
hybridizing to specific DNA probes and other avail-
able techniques (9-12). A small but very important 
risk of pathogenic virus transmission exists due 
to the inability of routine serologic tests either to 
detect newly infected individuals in the window 
period of infection or to detect antigenic variants 
of these viruses (12). Development of nucleic acid 
amplification tests (NATs) have meaningfully reduced 
the window phase (2, 10, 13-16). However, a limita-
tion is that the cost of NATs is 5–10 fold greater than 
that of the most expensive enzyme immunoassay. 
This has led to immunoassay use for large-scale 
routine screening and NATs remain limited and contro-
versial considering poor cost effectiveness. To access a 
cost effective NAT, two approaches have been used in 
this study, namely examination of samples as pooled 
plasma testing for reducing in number of tests that 
we need to screen large numbers of samples. However, 
clinical trials have documented a lack of sensitivity 
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due to dilution of samples with low viral load, and the 
use of multiplex instead of uniplex assays that can de-
tect several viruses simultaneously (17, 18).

Cost-effective and time saving tests which do not 
compromise efficiency and feasibility are the most 
important advantages of multiplex assays (18). Although 
multiplex PCR simplifies the procedures and reduces 
the need for time, final analysis remains tiresome, 
expensive and time consuming (1, 19). To address 
this problem, we introduce here the use of an 
in-house multiplex-PCR-ELISA assay for the detection 
of multiplex RT-PCR products in a single tube 
for simultaneous detection of HIV and HCV as two 
important viral infections. This co- infection is an 
important factor in determination of AIDS patients’ 
future and is responsible for elevated morbidity and 
mortality in these patients (21, 22). In recent years, 
several PCR-based multiplex techniques have been 
introduced by different laboratories  (12).

Simultaneous detection of several organisms in one 
reaction with minimal cost is important (23, 24). PCR 
would be an impractical approach for rapid screening 
of hundreds of specimens per day for a range of 
transfusion transmitted viruses (24). The aim of the 
current study was to design a more sensitive meth-
od for detection of PCR products and diagnosis of 
HIV-1/ HCV co-infection accurately and also compare 
sensitivity of PCR-ELISA to conventional PCR. The 
multiplex-PCR and/or PCR-ELISA assay has not been 
available as a commercial diagnostic kit for detecting 
HIV-1 and HCV infection till now.

MATERIALS AND METHODS

Viral standards and clinical specimens. Plasma 
samples were collected from AIDS Research Center 
at Imam Khomeini Hospital and Digestive Disease 
Research Center (DDRC) at Dr. Shariati Hospital. All 
the samples had previously been analyzed by Real-time 
PCR and sequencing method in which 9 cases were 
HIV (+), 8 were HCV (+), and 10 were positive for 

both HIV and HCV. Ten cases were negative for both 
HIV and HCV and used as negative control. Positive 
samples were collected from volunteer infected patients. 
Samples were transferred to the Laboratory of Molecular 
Virology, Department of Virology at University of 
Tarbiat Modares, for further molecular investigations. 
Samples were then aliquoted and stored in -80°C for 
future analysis. For sensitivity analysis of the multiplex 
PCR- ELISA detection system, we used HCV standard 
panel with certain concentration of viral genome 
according to Table 2 for later analysis. 

Isolation of viral RNA. HCV and HIV-1 RNA 
were isolated from 140 µl of plasma samples by the 
use of a QIAamp Viral RNA Mini Kit (Qiagen, Hilden, 
Germany) based on the manufacturer’s instructions. 
Viral RNA was eluted from the filter column with 50 
µl of nuclease-free elution buffer and stored at -80°C 
until analysis.

Probe and Primer design. For performance, target 
RNA sequences were selected within the regions of 
the respective virus genomes showing maximum 
sequence conservation for the ability of the test to de-
tect all known genotypes and subtypes of both HCV 
and HIV-1.  In this study we used HIV-1 gag and 
HCV 5’-NCR region specific primers to avoid major 
mismatches due to HIV-1 and HCV genome variability. 
Primer specificity was tested using the Mega 4 software 
(National Center for Biotechnology Information: 
NCBI,) against the collected genome sequences (avail-
able in the GenBank-EMBL database, www.EBI.
ac.uk): HCV complete genome genotypes, HIV-1 
complete genome group M. Based on insufficient 
data about circulating subtype of HIV in Iran, probes 
were designed with degenerate mode. Gene Runner, 
NCBI Blast, Oligo analyzer3, Mega4 and Oligo6 were 
employed in all steps of the design. The primers and 
probes selected are shown in Table 1. Depending on 
the location of the designed primer, the length of 
HIV and HCV amplicons were 189 and 270 nucle-
otides respectively. Probes were biotin labeled. The 

Virus Primers and Probes Sequence   Usage  Nucleotide

HCV F1 ACTCCCCTGTGAGGAACTACTGTCT Forward primer 39-63
HCV R1 GCAAGCACCCTATCAGGCAGTACC                         Reverse primer 308-285

HCV   zcv Biotin-GCCATGGCGTTAGTAYGAGTGTC Probe

HIV-1 F2 CAGAAGGAGCCACCCCACAAGAT Forward primer 862-884
HIV-1 R2 TTCCTGCTATGTCACTTCCCCTTGG Reverse primer 1050-1026

HIV-1 ziv Biotin-CTTGGTTCTCTCATYTGGCCT G Probe

Table 1. The sequences of primers and probed designed for detection of HCV and HIV in multiplex-RT PCR ELISA. 
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oligonucleotide primers and probes were synthesized 
by Fazapajooh Biotech Company (Fazapajooh, 
Tehran, Iran).

cDNA synthesis. RNA was thawed on ice before 
amplification. Complementary DNA (cDNA) was 
synthesized and amplified using a reaction mix single 
tube in RT-PCR assay. 

Mixture contained the thermo stable M-Mulv 
polymerase enzyme (Fermentas, Vilnius, Lithuania) 
and antisense primers for both HCV and HIV targets. 
Briefly, 5 µl of extracted RNA was added to 30 µl of 
RT-PCR mix in a single tube containing 4 µl Buffer 
(Fermentas, Vilnius, Lithuania), 2 µl of 10 mM dNTPs 
(Cinna Gene, Iran), 2 µl (20 pM) primer R1, 3 µl (30 
pM) primer R2 (Table 1) and 200 U of M-Mulv.  Five 
micro liters of extracted RNA was added to 3 µL of 
HIV R2 (30 pM), 2 µl HCVR1 (20 pM), and up to 11µl 
with DEPC treated water. The mixture was incubated 
in 70 ºC for 5 min. and chilled on ice. 4 µl 5× buffer, 
2 µl 4 dNTP mix (10mM) and 20U riobonuclease 
inhibitor (Fermentas) was added and incubated at 37 °C 
for 5 min. The samples were chilled on ice and 200 
unit M-MuLV (Fermentas) reverse transcriptase was 
added. The cDNA synthesis was carried out at 42 °C 
for 60 min and then at 70 °C for 10 min. The cDNA 
was stored at -80 °C until use. 

HIV and HCV Uniplex-PCR.  The HIV and HCV 
PCR reactions contained 5 µl template cDNA, as well 
as 0.5µl or 0.3µ l   (10pM stock) of each amplifica-
tion  primer for HIV or HCV respectively, 0.5 µl 
dNTP (10 mM stock), 2.5 units Taq DNA polymerase 
(Cinnagen,Tehran, Iran), 0.5mM MgCl2, 2.5 µl 10× 
buffer (500mM KCl and Tris-HCl pH 8.4). PCR 
amplifications were performed as follows: initial 
denaturation at 95 °C, 5 min and 35 cycles of 50 sec 
each at 94 °C, 40 sec at 65 °C, and 35 sec at 75 °C 
with a final 3 min at 72 °C. The PCR products were 

separated by electrophoresis in 2% agarose gels and 
visualized after staining with ethidium bromide. 

Multiplex PCR. The HIV-HCV multiplex PCR 
mixture consists of 7 µl HIV and HCV template 
cDNA, 0.5 and 0.3 µl of HIV and HCV primer 
respectively and 0.5µl dNTPs, 2.5 Unit Taq DNA 
polymerase, 5mM MgCl2, 2.5 µl 10X buffer (500mM 
KCl and Tris–HCl pH 8.4). Thermal cycler temperature 
program for amplifications and visualization were 
performed as HCV single PCR protocol above. 

Product labeling. This step was performed by 
addition of Dig-dUTP containing dNTP into reaction 
mix. The dNTP mix consists of 2mM of dATP, dCTP, 
dGTP , 1.9mM dTTP and 0.1mM DIG-dUTP. Labeled 
product is slightly heavier than common product because 
of their digoxigenin content. This feature can be used 
for detection of labeled products. Due to high sensitivity 
of SDS page, 29% polyacrylamide gel was used for 
labeling verification. 

ELISA assay. Labeled product was denatured in 
alkali condition and  was hybridized to biotin labeled 
probe in temperature matching with product length 
and GC content. Achieved hybrid was affixed to 
strep avidin coated micro plate. Peroxidase labeled 
Anti-digoxigenin antibody was added to wells in the 
next step. Detection process was performed in 405nm 
(ELISA reader Fax Stat 2100, USA) by surveying the 
change of color in the reaction mix due to addition 
of  ABTS substrate using ELISA reader. Labeled 
amplicons were analyzed for the presence of HIV-1 
and HCV amplified sequence with Roche PCR ELISA 
(DIG Detection) kit according to manufacturer instruction. 
Cut-off value was calculated from average of negative 
control (seronegative samples) optical density plus3 
standard deviations (17).

Methods optimization. Primer pair was tested 
against positive and negative controls and for 
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Fig. 1. Multiplex PCR
Lanes: 1-3; positive samples for both HIV and HCV, 4-7; 
negative samples, 8; 100 base pair ladder. 

Fig. 2. Lanes: 2 &4, HIV & HCV labeled products,1&5; 
HIV & HCV unlabeled products.
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Negative resultsPositive results Status of contaminationNumber of samples

09 HCV positive9Group 1

08HIV-1 positive8Group 2

08co -infected samples8Group 3

100Confirmed negative10Group 4

Table 2. The results of multiplex-RT PCR ELISA assay for detection HIV-1 and HCV  from sera samples of different  patients 
groups.

nonspecif ic  attachment to HIV, HCV, HBV and 
human genome. Other PCR components such as 
MgCl2, probe and primer concentration, temperature 
and number of cycles were optimized by trial-and-er-
ror gradient of each component. 

The final concentration of components in multiplex 
reaction were: The HIV-HCV multiplex PCR mixture 
consist of 7 µl HIV and HCV template cDNA, 0.5 and 
0.3 µl of HIV and HCV primer respectively and 0.5µl 
dNTPs, 2.5U Taq DNA polymerase, 1.5mM MgCl2, 
2.5 µl 10× buffer containing, 500mM KCl and 
Tris-HCl pH 8.4. Also we used AMS buffer instead 
of KCl in PCR reaction. 

The final cycling program employed was as 
follows: initial denaturation at 95 °C, 5 min and 35 
cycles of 50 sec each at 94 °C, 40 sec at 65 °C, and 40 
sec at 72 °C with a final 3 min at 72 °C.  

In the ELISA step, the best concentrations for both 
probes were 20 picomol, and probe annealing was 
performed in 55 °C for 3 hours.    

RESULTS

This method was optimized separately for HIV-1 
and HCV with positive controls and serial dilutions 
and the multiplex reaction was optimized (data not 
shown). The PCR product  sizes for HCV and HIV 
were 270 and 189 bps. After the labeling stage, 
polyacrylamide gel was used and labeling was verified. 
Then, using labeled products, ELISA was performed. 
35 samples (4 groups) were tested with this method. 
Development of color shows the positive whereas no 
color shows negative result.

Positive controls that had been confirmed as well 
as negative control sera were used to assess the 
reproducibility. As expected, the developed method 
was able to detect major subtypes of HIV-1 in Iran (A 
and B) as well as genotypes of HCV (1a, 1b and 3a) 
that exist between Iranian patients. Also, primers were 
tested with the HBV genome and human genome (100 
and 200 ng). Probes were also tested for non-specific 

cross reaction with amplicons.  

This method detected HCV genomic RNA in 9 
samples that were in group1 and 8 samples in group 3. 
HIV-1 genomic RNA was detected in 8 samples in 
group 2 and 8 samples in group 3. All samples in group 
4 were negative.  False negative or positive results have 
not been observed. The results are shown in Table 2.  

Cut-off value was calculated from an analysis of 
optical density of seronegative samples (Group 4) as 
means of the values plus 3 standard deviations.

Evaluation and verification of method. After 
each examination, the test results for a given sample 
were evaluated. If result values correlated with observed 
values and fell within a certain deviation limit,  the 
results of that detection were considered to be correct. 
Four measures were used to evaluate the test perfor-
mance: Specificity (SP), sensitivity (SN), accuracy 
(AC) and correlation coefficient (cc) (19). 

In the current study, false positive or negative 
reactions were not observed.  It seems the sensitivity, 
as well as specificity, needs more positive and negative 
samples to improve precision. 

DISCUSSION

Between 4 to 5  million people  are co-infected with 
HIV and HCV worldwide (25). Despite the sensitivity 
of serological tests, infection can be transmitted during 
the phase in which viral specific antibodies are not 
detectable.

 PCR, with its astonishing sensitivity, is the method 
of choice for the detection of nucleic acids present in 
very low concentrations in biological specimens (26). 
In view of the increasing number of multiple infections 
in patients and the interest in domains as different as 
blood banking and disease control, it has become vital 
to find optimal techniques for screening large numbers 
of samples (1). Despite the fact that multiplex NAT 
assays for the diagnosis of HBV, HCV, and HIV-1 
have been introduced, these techniques need expensive 
material and apparatus. They are difficult and time 
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consuming procedures for the visualization of fluores-
cence or chemiluminescence signals (2, 12, 18, 27-29). 
AMPLINAT MPX test using TaqMan real-time PCR 
developed by ABI PRISM 7700 analyzer (12) and the 
Procleix Ultrio assay based on transcription-mediat-
ed amplification are two hemi automated multiplex 
assays commercially used for detection of HBV, HCV 
and HIV, but these techniques do not distinguish 
between the three viruses (29). 

The need for a method to detect PCR-amplified 
products, which is able to offer sensitivity, specificity 
and an objective evaluation of results, has led to the 
coupling of PCR with ELISA (26). In most RT-PCR 
methods, final amplicon  detection is performed using 
agarose gel electrophoresis that does  not have sufficient 
sensitivity for very low viral loads and the results can 
be reported as false negative. The sensitivity of the 
RT-PCR was increased more than 10-fold via ELISA 
detection (30). PCR–ELISA shows similar sensitivity 
to the Real-time PCR and does not require the use 
of expensive equipment, as real-time PCR presently 
does, and as a replacement for basic instruments present 
in every diagnostic laboratory (26).

We have investigated the possibility of combining 
multiplex RT-PCR with an ELISA assay for coincident 
detection and identification of HCV and HIV-1. The 
primers used in this study had not been described befor 
Our primers can detect a large part of the HCV geno-
type that was registered in NCBI (using mega 4 soft-
ware) and HIV-1 subtypes A, B, C, E, F1, G, H and 
I can also be detected.  To set up of this method, we 
used samples with known viral loads from 102 to 106 
that were confirmed with the real- time method. Our 
method can detect all of the samples as it should be, 
and false positive or negative reactions have not been 
observed.

To compare conventional PCR and PCR ELISA, 
labelled products were diluted and analyzed with both 
methods. In gel electrophoresis, dilution of 1/10 was 
positive and the expected band was observed, but in 
ELISA optical density of 1/100 was much more than 
cut off value. So the designed method is 10-fold as 
sensitive as the conventional PCR. When separate 
reactions were combined and multiplex reaction 
was created, we observed a decrease in sensitivity of 
HIV-1. This problem was solved with increasing the 
HIV-1 specific reverse primer in RT reaction and using 
AMS (200mM AMS + Tris-HCl [pH: 8.8]) buffer in 
PCR reaction instead of KCl (500mM KCl + Tris-HCl 
[pH: 8.4]) buffer. Decrease in number of samples and 

increase in sensitivity and specificity (because of using 
specific probes) are advantages of this method. We 
did not observe non-specific interactions between 
primers and the human genome, HBV or other pathogens. 
Also, probes attached only to desired sequences and 
non-specific attachment was not observed. Future 
efforts should be focused on large number of samples 
and samples which are in the window period. In 
comparison with other studies (17), our method can 
detect further genotypes of HCV including (1a, 1b, 1c, 
2a, 2b, 2c, 2e, 2f, 2k,3a, 5a, 6a, 6b ,6c 6d, 6e, 6f, 6g, 
6h, 6i, 6j, 6k, 6l vs. 1b, 2a, 2b, 2a/c, 3a, 3b, 4, 6). We 
used separate enzymes for RT and PCR steps which 
are more cost effective than rTth, with acceptable 
sensitivity and specificity.
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