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Evaluation of a SYBR Green Real-Time PCR Assay for Specific
Detection of Pasteurella multocida in Culture and Tissue
Samples from Sheep
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ABSTRACT
Pasteurella multocida is one of the bacterial species involved in cases of ovine respiratory complex that has been implicated to cause
significant economic losses in sheep production system worldwide. The present study was undertaken with the aim of evaluating a
SYBR Green dye based real time PCR assay targeting KMT1 gene for the detection of P. multocida. The analytical specificity and
sensitivity of the PCR primers were evaluated. The test showed ten-fold more sensitivity than conventional PCR and detected down
to 275.5 fg/ µl of genomic DNA concentration, equivalent to 100 copies of KMT1 gene of P. multocida. The real-time PCR was found
to be specific for KMT1 gene of P. multocida, as no cross reactivity was detected with a variety of known bacterial isolates. A total of
52 ovine lung tissue samples were screened for P. multocida, which showed improved level of detection as compared to conventional
PCR. It is concluded that, this assay may be used as a valuable diagnostic tool for the rapid and specific detection of P. multocida.
By virtue of its high throughput format and its ability to accurately identify as well as quantify the bacterial DNA, the method may be
useful in large scale epidemiological studies and clarification of pathogenesis.
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INTRODUCTION
Respiratory infections in sheep remains a major cause of
concern in all types of production systems. India is home to
diverse ovine germplasm with 65.07 million (5.54%) sheep
out of 1172.833 million world sheep population (FAO, 2015;
DADF-Annual report 2017). P. multocida in sheep can cause
outbreaks of bronchopneumonia, septicaemia, otitis media
and polyarthritis (Donachie 2007; Jensen et al., 1982; Rad
et al., 2010; Petridou et al., 2011). It has been reported as a
primary pathogen in pneumonia and septicaemic outbreaks
from different countries (Cameron et al., 1978;
Chandrasekhran et al., 1991; Hancock et al., 1991; Diker
et al., 1994; Dimri et al., 1994; Davies et al. 2002).

The reports on P. multocida related to clinical illness of
ovine pneumonic pasteurellosis are scanty despite its proven
role in the development of respiratory diseases in lambs
(Odugbo et al. 2006). Lung pathology due to these
microorganisms has been recorded most often during the
necropsy of dead sheep and is evident by gross changes
like congestion and consolidation of the lung tissues. Failure
to diagnose ovine pneumonia during ante mortem
examination of the infected animals and gap in the accurate
information related to the onset of lesions restrict our
knowledge for its strategic control (Goodwin et al. 2004).
Diagnosis of pasteurellosis is usually achieved based on
the clinical findings, cultural isolation and phenotyping and
capsular serotyping of the causative pathogens, which is
laborious and time-consuming. However, the introduction
of advanced genotypic methods that are more sensitive and
specific helps to identify the bacteria and their genetic
elements more accurately and rapidly (McPherson and
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Moller, 2002; Hassan et al., 2016). PCR based tests has
several advantages compared to traditional diagnostic
methods. PCR is highly sensitive, rapid and specific. Real-
time PCR (qPCR) has further advantages with respect to
rapidity, precision, sensitivity and accuracy. This work
narrates a real-time assay using SYBR green chemistry for
sensitive and rapid detection of P. multocida from bacterial
cultures and ovine lung tissues.

MATERIALS AND METHODS
Sample collection and processing
For evaluation of the real-time PCR assay over clinical
samples, fifty-two archived lung tissue samples collected
from sheep that had died of respiratory disease during 2014-
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2017 were included. The geographical location belongs to
the semiarid eastern plain of Rajasthan at 261252.2 N
latitude and 7545 24.84 E longitude at 320 meters above
mean sea level.

Bacterial strains
The specificity of the PCR primer was evaluated using DNA
from a variety of known bacterial isolates from sheep and
available in our laboratory that were previously characterized
by species specific or 16S rRNA PCR and amplicon
sequencing. It included P. multocida (n=10) Mannheimia
haemolytica (n=15), Bibersteinia trehalosi (n=5), Escherichia
coli (n=5), Staphylococcus aureus (n=5), Corynebacterium
pseudotuberculosis (n=5), Mycobacterium avium
subspecies paratuberculosis (n=5), Pseudomonas
aeruginosa (n=4), Acinetobacter variabilis (n=1), Proteus
mirabilis (n=1).

DNA extraction and PCR
Genomic DNA was extracted from P. multocida culture and
lung tissue samples from sheep using Qiagen DNeasy Blood
and Tissue kit, according to manufacturer’s protocol.
Genomic DNA was quantified using a Quawell UV-Vis Q5000
spectrophotometer (Quawell Technology Inc., San Jose, CA,
USA). The extracted DNA samples were stored at - 20C
(to minimize degradation) till further use in the SYBR green
real-time PCR and conventional PCRs assay.

Primers targeting KMT1 gene specific to P. multocida
were synthesized from Sigma (Bengaluru, India). Primers
used in this study were Forward 5 - ATCCGCTATTTACCC
AGTGG -3  and Reverse 5 - GCTGTAAACGAACTCGCCAC
-3 (Townsend et al., 1998). The optimized thermal cycling
conditions were as follows; initial denaturation at 95C for 5
min followed by 40 cycles of denaturation at 95C for 45 s,
annealing at 56C for 45 s and extension at 72C for 1 min,
and a final elongation at 72C for 10 min. The amplicon of
approximately 460 bp was visualized after electrophoresis
through 2% agarose gel run at 7.0V/cm and stained with
ethidium bromide.

For the sequencing of the gene fragments standard
PCRs were run and PCR products were resolved on 2%
agarose gel. The specific sized bands were excised from
gel under UV light and were subsequently purified using
MinElute Gel Extraction Kit (Qiagen). The purified products
were sequenced by Xcelris Genomics (India) and compared
with sequences available in the NCBI database.

SYBR green Real-time PCR assay
Real-time PCR assay was performed over DNA template
from culture and tissue samples with the same primer set
as used for conventional PCR using Step One Plus Real-
Time PCR System (Applied Biosystems, Foster City, USA).
The reaction parameters for primer and annealing
temperature were optimized and optimized reactions were
run. Each PCR reaction mix comprised  total volume of 10
μl containing 0.10 μl each of forward and reverse primers
(100 nm final concentration), 1 μl template DNA and 5 μl 2

X Maxima SYBR Green/ROX qPCR Master Mix (Thermo
scientific, USA) and 3.8 μl nuclease-free PCR grade water.
The SYBR green real-time PCR conditions were as follows:
initial denaturation at 95C for 10 min, followed by 40 cycles
of 95C for 15 s and annealing/extension at 60C for 60 s.

A reference standard curve was constructed using P.
multocida genomic DNA to determine the efficiency and
detection limit of the assay. The amount of genomic DNA in
a stock solution was calculated based on the size of the P.
multocida genome being around 2543931 bp (Sahay et al.,
2018) and the average molar mass per base pair being 650
(g/mol)/bp. The copy number was calculated using the
calculator found at: https://cels.uri.edu/gsc/cndna. html.
Reactions were carried out using seven serial 10-fold
dilutions for the generation of standard curve.

Comparison of analytical sensitivity and specificity of
real-time PCR with PCR
Real-time PCR and conventional PCRs were carried out
under optimal reaction conditions using same primers set
and their sensitivities were evaluated. Specificity of the
developed real-time PCR and conventional PCR assays
were assessed by performing the reaction with P. multocida,
as well as other bacterial DNA.

RESULTS AND DISCUSSION
In general, the prevalence of P. multocida organism is usually
underestimated due to cumbersome process of isolation and
identification by conventional microbiological methods. A 10-
fold dilution series of DNA from 1 × 107 to 1 × 100 genome
copies per reaction were prepared, and four replicates of
each concentration were tested to plot a standard curve.
Although the qPCR is a widely used technique,
recommendations on how to use a standard curve to
estimate PCR efficiency are rare and a general consensus
or guidelines are lacking. It is known that estimates of PCR
efficiency may be influenced by several experimental factors.
A properly designed assay shall, in the absence of interfering
substances in the sample matrix, amplify target DNA with at
least 90% efficiency (Broeders et al. 2014).

The performance of new assay needs to be tested by
means of specificity, efficiency and sensitivity (sometimes
also for limits of detection and quantification). The PCR
efficiency is one of the most important indicators of the
performance of a qPCR assay and is also required
parameter for quantitative analysis. The PCR efficiency
depends on many factors including: to primers and template
sequences and structures, undesirable intra-molecular
interactions affecting PCR efficiency, inhibitors and other
interfering substances from the sample,  reagents used and
their concentrations etc. (Svec et al., 2015). The standard
curve remains the most reliable, practicable and robust
approach to estimate PCR assay efficiency that is broadly
accepted by the community. The efficiency of the qPCR was
calculated to be 90.19% and the limit of detection, in which
all four replicates had a positive amplification curve, was
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upto 100 copies of the genome/µl of reaction mix (Fig 1). A
Cq >35 should be considered as suspect or indeterminate
and retested as needed to determine clinical relevance.

Under the described trial conditions (1 µl of DNA extract
per 10 µl assay), the detection limit of the qPCR test using
DNA from pure bacterial culture was 2.755 pg per assay or
275.5 fg/ µl equivalent to 100 genome copies per µl (Fig 2).
While the detection limit of the conventional PCR was 27.55
pg per assay or 2.755 pg/ µl equivalent to 1000 genome
copies per µl. Therefore, our qPCR was ten times more
sensitive than the conventional PCR. The limits of detection
of other PCR tests used for P. multocida have not been
determined (Miflin and Blackall, 2001; Liu et al., 2004; Sabiel
et al., 2012; Singh et al., 2018). The threshold limit of
detection of PCR for the KMT1, HSB, PSL and Miflin primer
sets were 500 pg, 50pg, 50pg and 5ng of DNA of P. multocida
per assay, respectively (Jonathan and Arora, 2012). In
another PCR assay published by Jonathan and Arora (2012),
IPFWD and IPREV primers sets demonstrated a higher
sensitivity, but that is only specific for P. Multocida serotype
B: 2 causing haemorrhagic septicaemia in cattle and
buffaloes in India. In another PCR and multiplex assay
previously developed by Townsend et al., (1998) and
Register and de Jong (2006), the threshold limits for KMT1

primer sets were between 1-10 pg of DNA per assay. For
the detection of P. Multocida in swine, the detection limit
described by Lung et al (2015) was 103 copies/µl and that of
loop-mediated isothermal amplification method was 22pg/
µl (Bhimani et al (2015).

On evaluation of specificity using genomic DNA
extracted from different bacterial strains (M. haemolytica,
B.trehalosi, Escherichia coli, Staphylococcus aureus, C.
pseudotuberculosis, M. avium subspecies paratuberculosis,
P. aeruginosa, A. variabilis, P. mirabilis) other than P.
multocida,  real-time amplification was seen only in positive
control (P. multocida). False positive signals observed 30-
35 cycles on and were verified using melting curve. As gel
electrophoresis revealed that no specific amplification
products were formed, it was indicative of non-specific
fluorescence of low molecular weight DNA. Additionally,
sequence of the KMT1 amplicon showed high degree of
similarity (98-100%) with the published sequence in the
NCBI database. None of the other bacterial strains gave
any amplification products indicating the high degree of
specificity of this assay. Only positive control DNA produced
amplification with a melting peak at approximately 81.1C
which is consistent with that expected for P. multocida under
current reaction conditions (Fig 3a.). Similar results for

 

 

Fig 1: a. Standard curve of SYBR green real time PCR with 90.19% efficiency.
b. Amplification plot for kmt1 of P. multocida over different dilutions of template.
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Fig 2: Analytical sensitivity of conventional PCR and SYBR

green real-time PCR.
a. Agarose gel electrophoresis of conventional PCR product
showing sensitivity upto 27.55 pg. Amount of P. multocida DNA in
L2= 27.55 ng, L3= 2.755 ng, L4=275.5 pg, L5= 27.55 pg, L6= 2.755
pg, L7= 0.2755 pg, L8= 0.02755 pg, L1= positive control, L9=
negative control, M= FastRuler Low Range DNA ladder (#SM1103).
b. Agarose gel electrophoresis of SYBR green real-time PCR
product showing sensitivity upto 2.755 pg. Amount of P. multocida
DNA in L3= 27.55 ng, L4= 2.755 ng, L5=275.5 pg, L6= 27.55 pg,
L7= 2.755 pg, L8= 0.2755 pg, L9= 0.02755 pg, L10= 0.002755 pg
L2= positive control, L1= negative control, M= FastRuler Low Range
DNA ladder (#SM1103).

 

Fig 3: Evaluation of specificity of SYBR green real time PCR
and conventional PCR.

a.  Melt curve showing presence of single specific product of P.
multocida.
b.   A representative agarose gel electrophoresis showing specific
PCR product of 460 bp in L1, L1=P. multocida, L2=M. haemolytica,
L3= B.trehalosi, L4= E. coli,  L5= S. aureus , L6= C.
pseudotuberculosis, L7= M. avium subspecies paratuberculosis,
L8= P. aeruginosa, L9= A. variabilis, L10= P. mirabilis, L11 and
L12- negative control.

a

b

specificity testing were observed for the conventional PCR
also (Fig 3b.). Under our study conditions, we found the
KMT1 real time PCR 100% specific, limiting the risk of the
false positive results. A similar specificity was reported with
the qPCR and end point PCR assay published by Townsend
et al., (1998) and Marois et al (2008).

A total of 52 ovine lung tissue samples were screened
to detect and quantify P. multocida. Out of these 52 samples,
five lung tissue samples (9.6%) were found positive for P.
multocida by qPCR with genome copies ranging from 1000-
7000/10 ng of tissue DNA as deduced from standard curve.
However, four lung tissue samples (7.7%) were detected
positive for P. multocida by conventional PCR. Although
statistical sense cannot be drawn owing to limited sample
size, improved detection percentage with SYBR green dye

chemistry based qPCR is obvious and it warrants further
evaluation over a large number of clinical samples.

Faster and sensitive detection of P. multocida is of
significant clinical importance. The specific and highly
sensitive SYBR green PCR assay performed in the present
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work may be suitable as a rapid and economic diagnostic
tool to identify sheep carrying P. multocida. As the sample
size was relatively small, this promising assay needs to be
validated on a wider scale to further assess its suitability in
the field to enable its adoption for the screening and early
detection  of diseased/carrier animals in a healthy herd and
further to minimize the cost of treatment.
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