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Equine rhinitis A and B viruses (ERAV and ERBV) are respiratory viruses of horses belonging to the family Picornaviridae. Although these viruses are considered to cause respiratory disease in horses and are
potentially infectious for humans, little is known about their prevalence and pathogenesis. Virus isolation
is often unsuccessful due to their inefﬁcient growth and lack of cytopathic effect in cell cultures. Therefore, molecular assays should be considered as the method of choice to detect infection in symptomatic
or apparently healthy horses. In the present study, a novel real-time duplex PCR was developed for the
detection and differentiation of both ERAV and ERBV. The method was evaluated for its ability to detect
viral RNA in cell culture supernatants and nasal swabs, and lung and urine spiked with known quantities
of virus. The assay demonstrated high analytical speciﬁcity, sensitivity and good reproducibility, with
coefﬁcients of variation (CV%) ranging from 1% to 7.4% and from 1.2% to 12% for intra- and inter-assay
variability respectively. The assay detected ERBV in 14 of 86 nasal swabs collected from horses with respiratory disease. The real-time duplex PCR is a useful new diagnostic method for the rapid detection and
differentiation of ERAV and ERBV.
© 2008 Elsevier B.V. All rights reserved.

1. Introduction
Equine rhinitis A and B viruses (formerly equine rhinovirus
1 and 2) are two respiratory viruses of horses belonging to the
family Picornaviridae. Equine rhinitis A virus (ERAV) is the only nonfoot-and-mouth disease virus member of the genus Aphtovirus
(Stanway et al., 2005). The prototype for this virus was isolated
in the United Kingdom (Plummer, 1962) and to date there is no
evidence of extensive antigenic diversity among ERAV strains.
Equine rhinitis B virus (ERBV) is the only representative of the
genus Erbovirus. Serologically, two distinct prototypes of ERBV
were identiﬁed initially, namely ERBV1 and ERBV2 (formerly equine
rhinovirus 2 and 3, respectively) (Huang et al., 2001). Both ERAV
and ERBV are acid labile viruses, with the exception of a group of
acid stable viruses belonging to ERBV1 group. These viruses have
been grouped recently as members of a genetically distinguishable
ERBV cluster (ERBV3), on the basis of sequence analysis of the viral
P1 region, encoding for viral capsid structural proteins (Black et al.,
2005; Black and Studdert, 2006).
Little is known about the pathogenesis and the prevalence of
ERAV and ERBV, even though both infections are considered com-
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mon in horses. Only a few studies on virus shedding from infected
horses and on seroprevalence in equine populations are available in
the literature, and most studies are fragmentary (Black et al., 2007b;
Burrell et al., 1996; Carman et al., 1997; McCollumn and Timoney,
1992; Wernery et al., 1998; Willoughby et al., 1992). Seroprevalence for ERAV and ERBV is estimated to range from 50% to 80% in
apparently healthy horses worldwide and the presence of neutralising antibodies to one or other of the viruses seems to be correlated
with the age of the animals (Black et al., 2007b; Hartley et al., 2001;
Kriegshauser et al., 2005; Studdert and Gleeson, 1978).
ERAV infection is conﬁned commonly to the respiratory tract,
but viraemia and persistent virus shedding from the pharyngeal
region and in urine and faeces have been observed (Plummer, 1962,
1963). ERAV and ERBV infections could occur subclinically being
detectable by seroconversion (Burrell et al., 1996; Willoughby et
al., 1992), or as acute febrile diseases with mild to severe clinical
signs. The ERAV host-range includes different mammalian species
and humans, although horizontal infection in species other than
equines seems unlikely (Plummer, 1962, 1963). Humans can be
infected by both ERAV and ERBV, as antibodies against ERAV and
ERBV1 have been demonstrated in sera of humans in regular contact with horses (Kriegshauser et al., 2005; Plummer, 1963). An
experimental study showed the capability of ERAV to cause respiratory and systemic disease in humans, with clinical signs such
as lymphadenitis, pharyngitis, fever and viraemia (Plummer, 1963).
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No other studies have been reported on the zoonotic signiﬁcance
of these viruses.
It is well known that the causative agents of these infections
grow poorly in cell cultures and that ERAV and ERBV strains exist
that show no cytopathic effect (Black et al., 2007a,b; Li et al.,
1997). A modiﬁed culture medium supplemented with MgCl2 ,
could enhance the growth capability of some ERBV strains, but
the lack of sensitivity of this technique makes it inadequate for
diagnosis (Black et al., 2007a).
Molecular diagnostic techniques could, therefore, be suitable
for the detection of viral shedding from symptomatic or apparently healthy horses and to study the pathogenesis of these viruses.
At present, two distinct end point PCR-based diagnostic protocols
are available for ERAV and ERBV (Black et al., 2007a; Dynon et al.,
2001). However, their performances were not demonstrated clearly.
Further, one of the protocols includes an RT-nested PCR method
making it laborious, time consuming and susceptible to contamination. In the present study, a novel real-time duplex TaqMan-PCR
was developed, which allows the detection and differentiation of
ERAV/ERBV infections using two distinct sets of primers and probes.
2. Materials and methods
2.1. Viral, bacterial and protozoan strains
Two ERAV and two ERBV2 strains of European and North American origin were replicated in RK13 cells (ATCC CCL-37) and used
as reference viruses (kindly provided by Dr. J. Daly and B. Geragthy,
Animal Health Trust, Suffolk-UK, and by Prof. U. Balasuriya, University of Kentucky, USA). The viral titres were calculated as the
mean tissue culture infectious dose/ml (TCID50 /ml) according to
the Spearman–Karber method (Lorenz and Bogel, 1973). Several
other micro-organisms, including RNA and DNA viruses, bacteria
and protozoa were used to test the speciﬁcity of the assay (Table 1).
2.2. Primer and probe design
To minimize primer and probe mismatches, the nucleotide
sequences available on GenBank for ERAV and ERBV 1, 2 and 3 were

aligned using MEGA4 (Tamura et al., 2007) and CLC Free Workbench 3 software (CLC bio, Aarhus, Denmark) (see Figs. 1 and 2).
Primers and probes were designed using the “Primer Express Software v2.0” according to the Applied Biosystems guidelines (Applied
Biosystems, Foster City, CA).
2.3. RNA extraction, cDNA synthesis and real-time TaqMan
Duplex PCR
RNA was extracted from 200 l of sample using the High PureTM
RNA Isolation Kit (Roche, Mannheim, Germany) according to the
manufacturer’s instructions. RNA was eluted in a ﬁnal volume of
60 l. The cDNA was synthesized by random hexamers using the
“High capacity cDNA archive kit” (Applied Biosystems, Foster City,
CA), according to the manufacturer’s instructions.
The real-time duplex PCR was carried out in 25 l with 1×
“TaqMan® Universal PCR Master Mix 2X” (Applied Biosystems, Foster City, CA), 240 nM of each primer, 250 nM of each probe and 5 l
of cDNA template. The reaction was performed in a 7300 real-time
PCR System (Applied Biosystems, Foster City, CA) with the following
protocol: 2 min at 50 ◦ C and 10 min at 95 ◦ C followed by 45 cycles
at 95 ◦ C for 15 s and 60 ◦ C for 1 min.
2.4. Conventional RT-PCR and RT-nested PCR for the detection of
ERAV and ERBV
To evaluate the performances of the real-time duplex PCR,
its sensitivity and the results obtained with clinical specimens
were compared to those obtained by the only two RT-PCR protocols described previously for the detection of ERAV and ERBV
(Dynon et al., 2001; Black et al., 2007a). Primers for ERAV detection were located in the VP1-2A region (5 -3 position 3098–3117
and 3881–3900, for forward and reverse primers, respectively.
GenBank reference sequence: NC003982). For ERBV, primers
were located in the 3D region (5 -3 position 7986–8006 and
8746–8767, for outer forward and reverse primers, respectively;
and 5 -3 position 8117–8138 and 8722–8739, for inner forward
and reverse primers, respectively. GenBank reference sequence:
NC003983).

Table 1
Equine pathogens tested to assess the speciﬁcity of the real-time duplex PCR.
Pathogens tested
RNA viruses
Equine rhinitis A virus (provided by Dr. Bob Geraghty, Animal Health Trust, UK, 1994)
Equine rhinitis A virus (supplied by Prof. U. Balasuriya, Univ. of Kentucky, USA, 2001)
Equine rhinitis B virus 2 (provided by Dr. Bob Geraghty, Animal Health Trust, UK, 1995)
Equine rhinitis B virus 2 (supplied by Prof. U. Balasuriya, Univ. of Kentucky, USA, 2001)
Equine arteritis virus (Bucyrus virus, provided by VLA-Weybridge, UK)
Equine inﬂuenza virus A, H3N8 (provided by the National Reference Laboratory for Equine Diseases,
IZSLT-Rome, Italy)
Equine infectious anemia virus (provided by the National Reference Laboratory for EIA, IZSLT-Pisa, Italy)
Lyssavirus genotype 1, rabies virus (CVS-11 strain, provided by AFSSA-NANCY, France)
West Nile virus, Eg. 101 strain (provided by Prof. N. Nowotny, Univ. of Vienna, Austria)
DNA viruses
Equine herpesvirus-1 (IZSVe repository, Italy)
Equine herpesvirus-4 (IZSVe repository, Italy)
Equine adenovirus 1 (provided by Dr. Bob Geraghty, Animal Health Trust, UK)
Bacteria
Leptospira icterohaemorragiae (provided by the National Reference Laboratory for leptospirosis; IZSLER,
Brescia, Italy)
Pseudomonas mallei (inactivated antigen, provided by CIDC-Lelystad, The Netherlands)
Protozoa
Trypanosoma equiperdum (inactivated antigen, provided by the National Reference Laboratory for Exotic
Diseases, IZSAM-Teramo, Italy)
The method demonstrated high speciﬁcity.

Results obtained by real-time duplex PCR
Positive for ERAV; negative for ERBV
Positive for ERAV; negative for ERBV
Negative for ERAV; positive for ERBV
Negative for ERAV; positive for ERBV
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
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Fig. 1. Multiple sequence alignment of the ERAV 3D region ampliﬁed by the real-time duplex PCR. Non-conserved nucleotides are bold and underlined. The ERAV primer and
probe sequences used in the real-time duplex PCR are shown underlined on the top line.

2.5. Analytical speciﬁcity
The speciﬁcity of the method was assessed by testing the
primer–probe sets on common equine RNA and DNA viruses and
other micro-organisms listed in Table 1.
2.6. Analytical sensitivity
To test the sensitivity of the real-time duplex PCR and to establish whether the different type of sample matrices could inﬂuence
the analytical sensitivity of the assay, tissue culture supernatants,

lung homogenates, urine and nasal swab suspensions were spiked
with 10-fold serial dilutions of titrated viruses (ERAV and ERBV
from Animal Health Trust, UK; Table 2) and the total RNA was then
extracted.
Brieﬂy, lung, urine and nasal swabs were collected at the slaughterhouse from asymptomatic horses negative for ERAV/ERBV by
methods described previously (Black et al., 2007a; Dynon et al.,
2001). Lung was weighed (0.1 g), homogenised with sterile quartz
sand in 1 ml of phosphate buffer solution (PBS, pH 7.4) to make
1:10 (w/v). Nasal swabs were suspended in 1 ml of PBS. After virus
spiking, the total RNA was extracted from the suspension of each

Fig. 2. Multiple sequence alignment of the ERBV 3D region ampliﬁed by the real-time duplex PCR. Non-conserved nucleotides are bold and underlined. The ERBV primer
and probe sequences used in the real-time duplex PCR are shown underlined on the top line.
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Table 2
Comparison of the limits of detection (LoD) of the molecular methods applied in the present study.
Equine rhinitis virus

Matrix

Methods
Conventional PCRa

Real-time duplex PCR

RT-nested PCRb

Limit of detection
ERAV

Tissue culture supernatant
Urine
Lung
Nasal swabs

101 TCID50 /ml
101 TCID50 /ml
101 TCID50 /ml
101 TCID50 /ml

ERBV

Tissue culture supernatant
Urine
Lung
Nasal swabs

1 TCID50 /ml
1 TCID50 /ml
1 TCID50 /ml
1 TCID50 /ml

a
b

105 TCID50 /ml
105 TCID50 /ml
105 TCID50 /ml
105 TCID50 /ml
101 TCID50 /ml
101 TCID50 /ml
101 TCID50 /ml
101 TCID50 /ml

Dynon et al., 2001.
Black et al., 2007a.

viral dilution and tested in triplicate by the real-time duplex PCR
and the PCR reference methods described previously (Black et al.,
2007a; Dynon et al., 2001).
2.7. Intra- and inter-assay variability
To calculate the intra- and inter-assay variability, three different
concentrations (high, medium and low; see Table 3) for both ERAV
and ERBV were analysed in triplicate within the same run (intraassay) and on three different days (inter-assay). The coefﬁcient of
variation (CV) was determined according to a protocol published
previously (EPA, 2004).

onto the cells, and then incubated 1 h at 37(± 2)◦ C and in presence of 5% CO2 . 5 ml of maintenance medium (Eagle Minimum
Essential Medium, SIGMA) were added to each ﬂask. Inoculated
cells were incubated at 37(± 2)◦ C in presence of 5% CO2 for 6 days,
and were observed daily for the presence of cytopathic effect using
an inverted microscope. Four blind passages were attempted both
in VERO and RK13 cells. Cell culture lysates obtained at the end
of the second, third and fourth passage were tested by real-time
duplex PCR, in order to detect any growth of viruses in the absence
of cytopathic effect.
Samples positive for ERAV or ERBV were conﬁrmed by the PCR
methods described previously.

2.8. Detection of ERAV/ERBV in clinical specimens
3. Results
To evaluate the reliability of the method during clinical investigations, 86 nasal swabs collected from horses suffering from mild
to severe respiratory symptoms were tested for ERAV/ERBV by realtime duplex PCR and virus isolation was attempted. For molecular
tests, RNA was extracted from the clinical specimens as described
for nasal swabs in Section 2.6. For virus isolation attempts, swabs
were resuspended in 1 ml of phosphate-buffered saline (0.05 M to
pH 7.0–7.4) with antibiotics (penicillin: 10000 IU/ml, streptomycin:
10 mg/ml, nystatin: 5000 IU/ml, gentamycin sulphate: 250 g/ml)
and clariﬁed by centrifugation. Nearly conﬂuent RK13 (ATCC CCL37) and VERO (ATCC CCL-81) cell monolayers in 12.5 cm2 ﬂasks
were used. Cell culture growth medium (Eagle Minimum Essential Medium, SIGMA, with 10% of foetal calf serum and 1% of
l-glutamine) was removed, and 300 l of sample was inoculated

3.1. Primer and probe design
The 3D genomic region, encoding for the viral RNA polymerase,
was selected for primers and probes design. It has been previously reported to be sufﬁciently conserved among strains belonging
to the same virus type but distinguishable genetically in ERAV
and ERBV (Huang et al., 2001). This was conﬁrmed through the
alignments of all the sequences available in the public database
GenBank (n = 8 and 15 for ERAV and ERBV, respectively Figs. 1 and 2).
Two distinct sets of primers and probe were designed for ERAV
and ERBV. Primer and probe details and the reference sequences
used for numbering of the oligonucleotides location are shown in
Figs. 1 and 2.

Table 3
Intra-assay repeatability and inter-assay reproducibility for ERAV and ERBV. Coefﬁcient variation values are expressed as percentages (CV%).
Matrix

Virus concentration (TCID50 /ml)

ERAV (CV%)
Intra-assay

Virus concentration (TCID50 /ml)

ERBV (CV%)
Intra-assay

Inter-assay

Tissue culture supernatant

107
104
101

<5.8
<1
<3.5

<12
<4.6
<3

105
102
100

<1.8
<1.4
<2

<1.2
<2
<4

Urine

107
104
101

<4.4
<4.2
<3.7

<8.8
<6
<4.7

105
102
100

<1.3
<3
<1.5

n.d.a
<5.2
<1.5

Lung

107
104
101

<2.7
<4.5
<4.2

<5
<4.3
<2.3

105
102
100

<2
<2.1
<5.2

<6
<1.7
<6.4

Nasal
swabs

107
104
101

<1.7
<2.1
<7.4

<4.4
<2.4
<4.1

105
102
100

<1.2
<1
<2.9

<1.8
<1.3
<2.7

a

n.d.: no determined.

Inter-assay
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Fig. 3. Standard curves and dynamic ranges (R2 ) of real-time duplex PCR. Viral RNA extracted from 10-fold dilutions of each virus strain was tested. Each plot represents the
mean of three replicate ampliﬁcations of each dilution. The x-axis indicates the virus concentration expressed in TCID50 /ml. The y-axis indicates the Ct values. The examples
show standard curves of the ampliﬁcation of ERAV (A) and ERBV (B) in ‘spiked’ nasal swabs.

The ERBV set was designed taking into account the genetic variations in order to detect ERBV genotypes 1, 2 and 3. Designed primers
ampliﬁed 69 and 82 bp products for ERAV and ERBV, respectively.
TaqMan probes were labelled with ﬂuorescent reporter dyes at the
5 end: FAM for ERAV and VIC for ERBV. TAMRA dye was used as
quencher at the 3 end (Livak et al., 1995).
3.2. Analytical speciﬁcity
The primer and probe sets were able to detect and distinguish
ERAV and ERBV tested by real-time duplex PCR. The assays were
speciﬁc and no positive ﬂuorescence signal was detected when the
other micro-organisms listed in Table 1 were tested.

by real-time duplex PCR. The reference protocol applied (Black et
al., 2007a) conﬁrmed the presence of ERBV in 11 out of 14 (78.6%)
samples. In the three samples tested negative by RT-nested PCR,
high Ct values (>36) were detected by the real-time PCR. Based on
the standard reference curve developed for ERBV (Fig. 3B), these Ct
values corresponded to viral loads ranging from 1 to 10 TCID50 /ml.
These values were below the LoD established in the present study
for the RT-nested PCR. Sequence analysis of the ERBV VP1 region
indicated the correct detection of the virus, and identiﬁed the positive samples as type 1 ERBVs (Black et al., 2005). The representative
sequence was deposited in the GenBank database (accession number EU246848). All samples were negative by virus isolation.
4. Discussion

3.3. Analytical sensitivity and intra- and inter-assay variability
The limit of detection (LoD) of the methods was calculated as
the last dilution of virus that was detected in the assay. Results
are summarised in Table 2. The LoDs of the real-time duplex PCR
were 10 TCID50 /ml for ERAV and 1 TCID50 /ml for ERBV in all matrices tested. The LoD of the reference ERAV PCR (Dynon et al., 2001)
was calculated as 105 TCID50 /ml. The LoD of the reference RT-nested
PCR for ERBV (Black et al., 2007a) was 10 TCID50 /ml.
To determine the linearity of the reaction and the inﬂuence of
the different matrices on the PCR efﬁciency, the Ct values of the
individual dilution steps for each matrix were plotted against the
logarithm of the TCID50 /ml resulting in a typical standard curve.
The reaction efﬁciencies for ERAV ranged between 92% (tissue
culture supernatants) and 100% (other tested matrices). For ERBV,
the reaction efﬁciencies ranged between 83% (urine) and 100% (all
other tested matrices). The linear range was between 107 and 102
for ERAV, and 105 and 101 for ERBV. The correlation coefﬁcient (R2 )
for ERAV was between 0.96 (urine) and 0.99 (nasal swabs), and for
ERBV the correlation coefﬁcient varied between 0.91 (urine) and
0.99 (nasal swabs and lung) (see Fig. 3 for an example).
The results of the intra- and inter-assay variability are summarized in Table 3. The assay demonstrated good reproducibility with
the highest CV values in the inter-assay tests.
3.4. Detection of ERAV/ERBV in clinical specimens
None of the 86 samples tested by real-time duplex PCR were
positive for ERAV. Fourteen samples (16.3%) were positive for ERBV

Although ERAV and ERBV infections are considered a common
event in horses, limited data exist on the pathogenesis and prevalence of these infections (Black et al., 2007b; Burrell et al., 1996;
Carman et al., 1997; Hartley et al., 2001; Kriegshauser et al., 2005; Li
et al., 1997; McCollumn and Timoney, 1992; Studdert and Gleeson,
1978; Wernery et al., 1998; Willoughby et al., 1992). This lack of
knowledge could be attributable in part to the absence of suitable
diagnostic techniques for these infections. Virus isolation cannot
be considered a valid diagnostic tool due to the poor replication of
these viruses in the tissue cultures examined so far. In addition,
successful virus isolation often requires multiple blind passages
and subsequent conﬁrmation through the application of additional
techniques such as electron microscopy and immunoﬂuorescence
for non-cytopathic strains. All these reasons make this technique
time consuming and not practical for clinicians.
Few rapid molecular tests have been developed for the detection of these viruses in clinical specimens, essentially one RT-PCR
for ERAV and one RT nested-PCR for ERBV (Black et al., 2007a;
Dynon et al., 2001). The original papers did not describe their speciﬁcity and only the sensitivity of the ERBV RT-nested PCR assay was
assessed at 0.7 TCID50 /ml. Up to now, these protocols represented
the only rapid molecular methods for ERAV/ERBV detection in clinical specimens. In the present investigation the sensitivity of these
assays was tested and they were used as reference methods for
comparison of results.
In the real-time duplex PCR for ERAV/ERBV developed in this
study, primers and probes were designed targeting the highly conserved 3D region (Huang et al., 2001). The method demonstrated
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high type-related speciﬁcity with no cross-reactions to other
micro-organisms that could be detected commonly in samples of
equine origin. The method also demonstrated excellent sensitivity,
the LoDs being 10 TCID50 /ml for ERAV and 1 TCID50 /ml for ERBV
for each tested matrix. Compared to the methods described previously (Black et al., 2007a; Dynon et al., 2001), the real-time PCR
protocol developed in this study showed higher sensitivity, particularly in the ERAV detection. For ERBV, the real-time PCR protocol
was 10 times more sensitive than the RT nested-PCR protocol. In
addition, RT nested-PCR is time consuming and prone to crosscontamination compared with the real-time PCR protocol.
Concerning the RT nested-PCR, the different levels of sensitivity
obtained in this study could be due to the different characteristics
of virus strains used as reference material and/or to the different
performances of the RNA extraction kits applied.
The real-time duplex PCR protocol developed in this study
appears repeatable, robust and applicable to different types of samples likely to be collected during clinical investigations (e.g., nasal
swabs, respiratory tissues and urine). Indeed, similar PCR efﬁciencies were recorded regardless of the different matrices used, the
only exception being urine, where the effect of PCR inhibitors was
the likely cause of the reduced efﬁciency (83%) for ERBV detection.
Evidence for the reproducibility of the method was demonstrated
with CV values contained within 7.4% and 12% for intra- and interassay tests respectively. As expected, the highest CV values were
recorded in the extreme dilutions and in the inter-assay tests. The
results obtained indicate that this protocol might also be applied
to quantitative studies on viral pathogenesis and viral shedding.
Clinical specimens tested for ERAV/ERBV by the real-time duplex
PCR were also tested by other PCRs (Black et al., 2007a; Dynon et
al., 2001). Of 14 samples positive for ERBV by real-time duplex PCR,
11 were also positive by RT nested-PCR. In the three discrepant
samples, high Ct values (>36) were detected by real-time indicative
of viral loads lower than 10 TCID50 /ml, thus below the LoD of the RTnested PCR. The lower sensitivity of the RT nested-PCR compared to
real-time duplex PCR observed in this study, may well explain the
discrepancy in these results. The speciﬁcity of the ERBV detection
in the clinical samples was conﬁrmed by partial sequencing of the
VP1 viral genomic region and identiﬁcation of a type 1 ERBV (Black
et al., 2005). This ﬁnding excluded laboratory contamination of the
samples since both positive control viruses were type 2 ERBVs. The
ability of the protocol to detect different genotypes of ERBV was,
therefore, also conﬁrmed.
Unfortunately, virus isolation was unsuccessful with the 14 samples positive by the molecular methods conﬁrming the difﬁculties
reported in replicating these viruses in vitro (Dynon et al., 2007;
Black et al., 2007a; Li et al., 1997).
Due to the relatively low number of samples tested and the
absence of clinical samples positive for ERAV in the present study,
more extensive ﬁeld investigation studies are necessary to validate
further this protocol. For clinical investigations, the use of an internal ampliﬁcation control (IAC) is recommended to identify false
negative samples resulting from the presence of PCR inhibitors in
the sample or degradation of the nucleic acid (Hoorfar et al., 2004).
In this regard, endogenous (i.e. a housekeeping-gene) or exogenous
nucleic acid (i.e. a micro-organism which is usually not found in
the sample type to be tested) can be used as internal control. These
types of internal controls can be applied to many different tests,
running independently of the speciﬁc virus assay and are available
in many diagnostic laboratories. Alternatively, a competitive IAC
(i.e. the target and the IAC are ampliﬁed with one common set of
primers and under the same conditions in the same PCR tube) can
be developed bearing in mind that all of these approaches have
advantages and limitations (Hoorfar et al., 2004; EPA, 2004). For
example, in case a competitive IAC approach is applied, the differ-

ent ampliﬁcation assays will be competing for the same reagents
in the same tube, thus target detection sensitivity may be affected
adversely (Hoorfar et al., 2004; EPA, 2004). However, the results
of the evaluation study described above will be useful to assess
the impact of this type of IAC on the test performances and to
optimize the assay. In conclusion, these results indicate that the
real-time duplex PCR developed can be considered a valid tool for
the detection of ERAV/ERBV infections in horses.
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