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Abstract: PCR-ELISA (polymerase chain reaction-enzyme
linked immunosorbent assay), a combination of PCR and ELISA
methods, has been used since late 1980s. The technique is based
on specially labelled DNA fragments which are captured by spe-
cific DNA sequences and detected by antibodies. The whole pro-
cedure of PCR-ELISA is divided into three steps: DNA extrac-
tion, PCR reaction and detection by ELISA. The method has
been found as very specific and sensitive which allows detection
of ng amounts of DNA. Moreover, ELISA step may be automated
what makes this technique faster in comparison to classical detec-
tion methods. For these reasons PCR-ELISA has been applied
in many laboratories in e.g. routine microbiological diagnostics.

1. Introduction

PCR-ELISA1 - a hybrid technique of using PCR and ELISA has been used since late
1980s and has developed into an assay for detecting specific sequences within PCR
products. At present, routine diagnostics laboratories use many various methods to
diagnose infections caused by bacteria, viruses, fungi or parasites. Some of them are
based on the culture of the microorganisms; other ones detect antigens or DNA of
pathogens. The culture techniques, in spite of being very specific, are quite expensive,
time-consuming and require specialized laboratories. Therefore non-culture methods
are increasingly important in microbiological diagnostics.

The application of PCR in combination with ELISA seems to be a great solution.
It allows not only a fast and specific but also sensitive analysis. The sensitivity for
PCR-ELISA has been found as 10 to 100 times higher in comparison to the detection
by ethidium bromide staining after agarose gel electrophoresis. Additionally such
system can be automated what is important in routine diagnostic laboratories.
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2. PCR-ELISA description

Nucleic acid sequences, labeled during PCR amplification, are detected using an
ELISA format, combining the sensitivity of PCR signal generation, with the specificity
of ELISA antibody detection.

The first step of the procedure is DNA extraction. It should be well optimized
and deal with the PCR inhibitors. The next step is PCR (Pislak, Ocepek, Piano &
Pogacnik 2002) e.g. reverse transcription PCR (Kim, Shim, Park, Jang, Chang, Song,
Baek, Lee, Yoon & Park 2005, Milne, Gallacher, Cash & Porter 2006). To achieve
detection of PCR products by ELISA, digoxigenin-dUTPs are randomly incorporated
into the nucleic acid sequence during amplification. Through biotinylation of one PCR
primer, resulting biotinylated, dig-dUTP-labeled products can be captured on strep-
tavidin coated wells of a microtitre plate and undergo subsequent immuno-enzyme
detection, which is the last step of the procedure.

The basic procedure is the use of biotinylated probes complementary to the dig-
dUTP-labeled PCR products. This procedure requires step for the probe-PCR prod-
uct hybridization, before adding the mixture to the streptavidin-coated wells (Sow,
Sidibé, Desquesnes, Bengaly & Pangui 2006).

Microtitre wells are coated with streptavidin, then washed with phosphate buffered
saline–Tween (PBST). After that wells are blocked with PBST containing 2% dried
milk (PBSTM) and washed with PBST. Proper amount of PCR product in PBST
buffer is incubated in each well, shaking at room temperature to allow streptavidin-
biotin binding. Wells are washed with PBST and an enzyme e.g. anti-digoxigenin–
horeseradish peroxidase (HRP) conjugate in PBSTM is added to each well. After
shaking at room temperature, the wells are washed with PBST. Then substrate for
the enzyme e.g. tetramethylbenzidine (TMB)- the substrate for HRP, is added per
well and the reaction finally stops by the addition of sulfuric acid. Wells are read in
a microtitre plate reader at proper wavelength (Kim et al. 2005, Milne et al. 2006).

An absorbance of e.g. 0.2 or greater is indicative of a positive PCR reaction. The
0.2 threshold value is artificially set to allow the ELISA method to be standardized
and to ensure that false-positive results from non-specific signals did not occur. It
also simplified data interpretation with values above this threshold reported as being
positive, and values below being negative (Milne et al. 2006).

3. PCR-ELISA advantages

PCR is a very good molecular technique for the detection of DNA in many types of
samples. However, the requirement of special equipment for the detection of PCR
products limits its use in many laboratories. Possible solution to this problem could
be the application of ELISA technology which has already been established in many
laboratories.

The use of specific primers and biotinyled capture probe offers an advantage in
that only the PCR products with the authentic DNA will hybridize with the DNA
probe. The washing steps remove non-specific reactions which may interfere with the

2Multiplex reverse transcription PCR
3Nested PCR
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Tab. 1. Some of the use of PCR-ELISA in diagnosis of human pathogens.

Pathogens or infection Type of
PCR

Sequence for
specific primers

Type of
ELISA

References

Nine respiratory tract
pathogens:
• enterovirus (EV),
• influenza A (IVA)

and B (IVB) viruses,
• respiratory syncytial

virus (RSV),
• parainfluenzaviruses

type 1 (PIV1) and
type 3 (PIV3),

• adenovirus (AV),
• Mycoplasma

pneumonia (Mpn),
• Chlamydia

pneumoniae (Cpn)

m-RT-PCR2

• EV: a highly
conserved noncoding
region

• IVA and IVB:
nonstructural protein
genes from influenza

• A virus
• RSV: regions of the

F1 subunit of the
fusion glycoprotein
gene

• PIV1: the
hemagglutinin-
neuraminidase
gene

• PIV3: noncoding
region

• AV: the sequence of
the hexon gene

• Mpn and Cpn: the
nucleotide sequence
of the 16S rRNA

PCR-ELISA
system from

Roche
(Mannheim,
Germany)

(Gröndahl,
Puppe,

Köhne, Weigl
& Schmitt

1999, Puppe,
Weigl, Aron,

Gröndahl,
Schmitt,

Niesters &
Groen 2004)

Borrelia burgdorferi n-PCR3 23S rRNA

ELISA
equipment
from Roche
Diagnostic

(Indianapolis,
USA)

(Moreno,
Kutzner,
Palmedo,
Goerttler,

Carrasco &
Requena 2003)

Mycobacterium
tuberculosis

n-PCR
gene sequence

encoding the insertion
sequence IS6110

ELISA
equipment
from Roche
Diagnostic

(Indianapolis,
USA)

(Yam, Cheng,
Hui, Wang,

Seto &
Yuen 2004)

meningococcal
infections

PCR
gene sequence

encoding the insertion
sequence IS1106

ELISA
detection

according to
Boehringer
Mannheim

PCR ELISA
protocol

(Davison,
Borrow,
Guiver,

Kaczmarski &
Fox 1996)

Aspergillus fumigates
Aspergillus flavus

PCR mitochondrial
gene

GEN-ETI-K
DEIA

(Diasorin,
Italy)

(Florent,
Katsahian,

Vekhoff, Levy,
Rio, Marie,
Bouvet &

Cornet 2006)
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specific ones. Thus, PCR-ELISA is a highly specific and sensitive diagnostic tool.
Moreover it could detect positive samples which are faintly stained in the agarose gel.
In the PCR ELISA positive cases could be easily detected through the development
of specific color in the reaction solution (Masake, Njuguna, Brown & Majiwa 2002).

PCR-ELISA can be used as a routine tool for diagnostics as it does not require
electrophoresis equipment, dark room and ultra violet camera facilities, which may
be expensive. PCR-ELISA employs standard equipment used in conventional ELISA.
The use of microplates, multichannel micropipettes and photometric ELISA reader
saves considerable time because many samples can be tested at once. Furthermore
PCR-ELISA is safe because it does not involve the use of carcinogenic elements such
as ethidium bromide and radioactive probes (Sow et al. 2006).

4. PCR-ELISA – applications: microbiological diagnostics

The polymerase chain reaction (PCR) was found as a rapid, less expensive, sensitive
and very specific technique to detect numerous of infection agents. For many years,
PCR was applied in routine diagnosis for a broad spectrum of pathogens (e.g. bacte-
ria, viruses, fungi and parasites) (Belkum & Niesters 1995). The explosive growth of
diagnostics based on PCR and the need of automation has led to the application of
many different techniques that allow an adequate detection of PCR products. Mostly
it is done by agarose gel electrophoresis followed by ethidium bromide staining. The
method is fast and easy for the visualization of large amounts of the products, but
not enough to visualize small amounts of PCR products (Lichtinghagen, Diedrich-
Glaubitz & von Horsten 1994, Shawar, El-Zaatari, Nataraj & Clarridge 1993). More-
over this technique becomes very time-consuming when lots of samples are examined.

PCR-ELISA is more and more often used in diagnostics of various microorganisms
pathogenic to humans. Some of the studies based on the use of PCR-ELISA to identify
human pathogens are shown in Table 1.

5. PCR-ELISA – other applications

PCR-ELISA is a good alternative diagnostic tool to conventional methods used in de-
tection of trace amount of microbiological impurities or unwanted components in food.
For this reason it can be used for quality control of food products composition. Many
allergens, such as milk, eggs, fish, shellfish, peanuts, wheat, soybeans and nuts may
be present in food products, however, undeclared or as unintentional additives. These
allergens are responsible for over 90% of the documented food allergen-related cases.
Due to the growing number of allergic reactions, it is crucial to develop fast, reliable
methods of allergen detection in processed food products. Holzhauser demonstrated
that PCR-ELISA is an important tool for allergen monitoring. With this method
they determined hazelnut allergens in processed food at a level below 0.001% (w/w)
(Holzhauser, Stephan & Vieths 2002). PCR-ELISA is also a useful tool in detection of
microbial contamination in food e.g. detection of E. coli low levels in milk (the molec-
ular target is alr gen, encoding alanine racemase essential for cell-wall biosynthesis
by providing D-alanine to peptidoglycan) (Daly, Collier & Doyle 2002). This method
is used to detect 16S rRNA of Arcobacter spp in meat (Antolin, Gonzales, Garcia,
Hernandez & Martin 2001). This pathogenic gram-negative bacteria is responsible
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for many cases of food poisoning. Nowadays, PCR-ELISA method is also becoming
a routine method for detection of transgenic components in food e.g. soybean, corn,
potato (Liu, Su, Xu, Long, Zhou & Song 2004).
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