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Abstract

The aim of the study was to develop and validate real-time PCR method for the quantification of
Lawsonia intracellularis and Brachyspira hyodysenteriae in porcine feces. Before the optimization
process was performed two different extraction methods were compared to select the more efficient
one. Based on the results achieved at this stage the boiling procedure was rejected and a commercially
available silica-membrane based method was chosen for further analysis. The primers and the Taq-
man probe for B. hyodysenteriae and L. intracellularis were based on the sequence of NADH oxidase
gene and 16S rDNA gene, respectively. The detection limit of the real-time PCR for suspension of
feces inoculated with B. hyodysenteriae and L. intracellularis was determined to be 1.5x103 CFU/ml
and 6.5x101 CFU/ml, respectively. The results of this study demonstrate that our real-time PCR is
able to detect low number of B. hyodysenteriae and L. intracellularis cells which is satisfying in routine
diagnosis of swine dysentery and proliferative enteropathy. Therefore, it is possible to identify both
subclinically infected pigs and those representing an acute form of mentioned diseases. In summary,
the quantitative real-time PCR is useful for routine diagnosis of L. intracellularis and B. hyodysen-
teriae. Compared to conventional PCR, the new validated quantification method based on real-time
PCR is fast and with reduced risk of laboratory contamination. The novel technique is specific and
even more sensitive than the previously used one. Furthermore, the new real-time PCR enables quick
detection and quantification of both pathogens in fecal samples, which helps to estimate the health
status of a pig herd.
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Introduction

Proliferative enteropathy (PE) caused by Lawsonia
intracellularis (L. intracellularis) and swine dysentery
(SD) with causative agent Brachyspira hyodysenteriae
(B. hyodysenteriae) are considered to be one of the
most important intestinal diseases in pig production
worldwide. The diseases are mainly characterized by
hemorrhagic diarrhea affecting pigs after weaning and
in all phases of finishing (Hampson et al. 2006, McOr-
ist et al. 2006).

Previously, the diagnosis of PE and SD was mainly
based on PCR. Although conventional PCR is a speci-
fic and highly sensitive method, processing a large
number of samples is time consuming. Furthermore,
the detection of the PCR product by gel electrophor-
esis requires additional time to obtain the final result.
Also, several steps in the PCR analysis may lead to
laboratory contamination.

L. intracellularis and B. hyodysenteriae are quite
difficult to cultivate and the methods used to grow the
bacteria are not adaptable for routine procedures. In
case of L. intracellularis in vitro cultivation is possible
only in cell culture (most recommended is mouse fi-
broblasts McCoy cell line – ATTC CRL 1696) (Yeh et
al. 2006). The other ante mortem methods confirming
the presence of L. intracellularis, such as dot blot hy-
bridization, histopathology or IFT (immunofluores-
cence testing) using specific monoclonal antibodies
(Jensen et al. 1997), cannot be applied to fecal
samples.

The isolation of B. hyodysenteriae is performed in
anaerobic conditions, on TSA agar plates supplement-
ed with 5% defibrinated ovine blood, spectinomycin
and vancomycin. This method is the only alternative to
PCR for detection of B. hyodysenteriae in fecal speci-
mens (Szynkiewicz and Binek 1986). Laboratory identi-
fication of both bacteria is laborious and often takes
several days or even weeks to receive the definitive
result.

To reduce the cost and time for identification of
the above pathogens related with conventional bac-
teriological procedures and to shorten the time of
PCR procedure by eliminating labour-intensive elec-
trophoresis, a real-time PCR was implemented to re-
place conventional PCR technique. Therefore, the
aim of the study was to develop and validate real-time
PCR method for the quantification of L. intracel-
lularis and B. hyodysenteriae in porcine feces.

Materials and Methods

Clinical samples and reference strains. For op-
timization of real-time PCR clinical material (feces

and sections of intestines: ileum, colon and caecum)
from a pig herd considered to be free from B. hy-
odysenteriae and L. intracellularis infections was col-
lected. The status of the farm was confirmed by con-
ventional PCR as described earlier (Żmudzki et al.
2004). A reference strain of B. hyodysenteriae B204
(ATCC 31212) at concentration 1.5 x 108 CFU/ml and
a filtrate of reference strain L. intracellularis (ATCC
55783) containing 6.5 x 106 CFU/ml, kindly provided
by National Veterinary Institute (DTU) in Copen-
hagen, Denmark, were also used in the study.

Optimization of sample preparation. The opti-
mization was performed on the samples of swine feces
contaminated with B. hyodysenteriae reference strain
B204. In parallel, feces were mixed with a filtrate of L.
intracellularis. For extraction of DNA from fecal
samples two different methods were tested. In 1st

method bacterial culture and fecal samples were
boiled in 99oC for 10 minutes. In the 2nd method the
same kind of samples was processed using commercial
isolation kit (Genomic Mini, A&A Biotechnology,
Gdynia, Poland), according to the manufacturer’s rec-
ommendations. In the beginning, for both methods,
10 tubes containing 90 μl of 10% suspension of feces
in physiological salt solution were prepared. Next, one
tube was inoculated with 2 fool loops of B. hyodysen-
teriae B204, corresponding to the concentration of 1.5
x 108 CFU/ml (Kunkle and Kinyon 1988). In the last
step 10-fold dilutions of the mixture were prepared
for DNA extraction. Analogically, feces suspension
was inoculated with a filtrate of L. intracellularis con-
taining 6.5 x 106 CFU/ml and 10-fold dilutions were
prepared as described above.

To define the initial concentration of B. hyodysen-
teriae and to determine standard curve plot, a calcula-
tion of the number of colony forming units of B. hy-
odysenteriae per milliliter (CFU/ml) was performed as
follows: 2 ml of physiological salt solution was in-
oculated with 2 well-filled plastic loops (1 μl) of B.
hyodysenteriae B204 suspension and 10-fold dilutions
of the bacterial suspension were prepared. The
samples were stained with trypan blue (Sigma-Al-
drich, St. Louis, Missouri, USA) in a proportion of 1:2
and transferred to Burker’s chamber. The number of
B. hyodysenteriae cells was counted under microscope
(100x magnification).

In case of L. intracellularis the optimization pro-
cedure was identical as for B. hyodysenteriae, except
for estimation of the number of cells. A ready-to-use
filtrate of L. intracellularis containing 6.5 x 106

CFU/ml was thoroughly mixed with 10% suspension
of feces and then 10-fold dilutions of the mixture were
further processed for DNA isolation using the 1st and
the 2nd method. After DNA extraction, samples were
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assayed in the Stratagene detection system (Strat-
agene, Mx3005P QPCR, La Jolla, California, USA)
and the differences in Ct values between method
I and II were determined.

Sensitivity of the real-time PCR. The detection
limit of the PCR assay was estimated on the basis of
the diluted samples prepared as above. For the deter-
mination of detection limit and repeatability of the
assay the dilution experiments were repeated 5 times
(Table 1). The following range of dilutions was tested:
102-104 for B. hyodysenteriae and 101-103 for L. in-
tracellularis. Analogically, 10-fold dilutions of pure
culture and feces suspension inoculated with B. hy-
odysenteriae and L. intracellularis were analyzed by
conventional PCR (Żmudzki et al. 2004) and its re-
sults were compared to real-time PCR.

Specificity of the real-time PCR. The evaluation
of specificity was tested with the use of the following
bacterial strains: Lawsonia intracellularis (ATCC
55783), Brachyspira hyodysenteriae B204 (ATCC
31212), Brachyspira innocens (ATCC 29796), Brachys-
pira pilosicoli P43/6/78T (ATCC 51139), Brachyspira
murdochii 155-20T (ATCC51284), Brachyspira inter-
media PWS/AT (ATCC 51140), Clostridium perfrin-
gens (ATCC 13124), Salmonella enterica subsp. en-
terica serovar Typhimurium (ATCC 14028), Es-
cherichia coli (clinical isolate, identified by multiplex
PCR – Osek 2001).

Primers and probe. The primers and the Taq-
man probe for B. hyodysenteriae were based on the
sequence of NADH oxidase gene (GenBank accession
no. U19610), previously described by Akase et al.
(2009). The primers and the probe for L. intracel-
lularis used in the study were previously designed by
Lindecrona et al. (2002) and based on the sequence of
16S rDNA gene of L. intracellularis available in Gen-
Bank (accession No. L15739).

Real-time reaction mixture and parameters of
the assay. The assay was carried out in the Mx3005P
QPCR System (Stratagene, La Jolla, California,
USA). The amplification mixture consisted of 5 μl
template DNA and a QuantiTect mastermix (Qiagen,
Hilden, Germany) containing 8 mM MgCl2, dNTP
mix and HotStarTaq DNA polymerase, in a total vol-
ume of 25 μl. The concentration of the primers and
the probes for both bacteria were the same and
equaled to 20 μM. Amplification of B. hyodysenteriae
was performed in a 96-well plate with optical caps at
the following settings: 10 min at 95oC, 50 cycles of 15
s at 95oC and 1 min of annealing and extension at
52oC. For L. intracellularis the parameters were as fol-

lows: 10 min at 95oC, followed by 40 cycles of 15 s at
95oC, 1 min of annealing at 52oC and 1 min of exten-
sion at 62oC.

Statistical analysis. Difference in Ct values be-
tween sample preparation methods were determined
by Student’s t-test with a significance threshold of
P < 0.05. Linear regression was used to determine
sensitivity of the real-time PCR.

Results

Optimization of sample preparation. A com-
parison of the efficacy of DNA extraction methods
showed no significant differences between 1st

and 2nd method for both bacteria. The average Ct
values for samples prepared by the 1st method
(boiling: bacterial culture and boiling: bacterial cul-
ture + feces) for B. hyodysenteriae were 3.39 (SD,
1.16) and 3.56 (SD, 1.31), respectively. In 2nd method
(mini spin column: bacterial culture and mini spin col-
umn: bacterial culture + feces) average Ct values
were 3.58 (SD, 1.39) and 3.56 (SD, 0.83), respectively.
Analogically, average Ct values for L. intracellularis
for 1st method were: 2.97 (SD, 0.42) for pure bacterial
culture and 2.69 (SD, 1.01) for bacterial culture with
feces. In the 2nd method the average Ct values were
3.95 (SD, 1.66) and 3.01 (SD, 1.09), respectively. Con-
sidering the optimal average Ct values (Ct 3.56 for B.
hyodysenteriae with linear regression R2≥0.99 and Ct
3.01 for L. intracellularis with R2≥1.0) of analyzed
bacteria, 2nd method was selected for the further stu-
dies (Fig. 1).

Sensitivity of the real-time PCR. The detection
limit of B. hyodysenteriae in bacterial culture was
1.5x102 CFU/ml, with Ct value of 38.4. However, the
linearity of reaction was achieved only up to 1.5x103

CFU/ml, with Ct value of 38.8 and linear regression
R2≥0.99 (Fig. 2). In suspension of feces inoculated
with B. hyodysenteriae the detection limit was 1.5x103

CFU/ml (Ct value 37.3) and linearity was maintained
(R2≥0.99). Similarly, the detection limit of L. intracel-
lularis in bacterial filtrate was 6.5x101 CFU/ml (Ct
value 38.9) and linearity was accomplished at concen-
tration 6.5x102 CFU/ml (Ct value 35.0; R2≥1.0). In
suspension of feces inoculated with L. intracellularis
the detection limit was 6.5x101 CFU/ml (Ct value
36.9) and linearity was obtained at concentration
6.5x102 CFU/ml (Ct value 35.5; R231.0). For conven-
tional PCR the detection limit in pure bacterial cul-
ture and feces suspension inoculated with B. hy-
odysenteriae was 1.5x103 CFU/ml (Fig. 3). Analogi-
cally, the detection limit for bacterial filtrate and feces
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Table 1. Sensitivity of real-time PCR for B. hyodysenteriae and L. intracellularis identification.

Detection limit: CFU/ml;
Linearity (R2 ≥ 0.98) (number of positive

results/number of repetitions)

B. hyodysenteriae L. intracellularis B. hyodysenteriae L. intracellularis

Biological material

Bacterial culture Tested concentrations: 108-103

(Ct 18.4-38.8)
R2 ≥ 0.99

Tested concentrations: 106-101

(Ct 21.2-38.9)
R2 ≥ 1.00

104; (5/5)
103; (5/5)
102; (1/5)

103; (5/5)
102; (5/5)
101; (3/5)
100; (0/5)

Feces + bacterial culture Tested concentrations: 108-103

(Ct 19.5-37.4)
R2 ≥ 0.99

Tested concentrations: 105-102

(Ct 24.0-35.5)
R2 ≥ 1.00

104; (5/5)
103; (5/5)
102; (0/5)

103; (5/5)
102; (5/5)
101; (2/5)
100; (0/5)

R2= 0,9989

R2= 0,9961

R2= 0,9834

R2= 0,9895
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Fig. 1. Comparison of DNA extraction methods: boiling (1st method) and mini spin column procedure (2nd method) using
10-fold dilutions of B. hyodysenteriae (108-103).
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Fig. 2. Standard curve generated by analysis of a 10-fold dilution series of B. hyodysenteriae spiked in feces solution by real-time
PCR.
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Fig. 3. Identification of 10-fold dilutions of Brachyspira hyodysenteriae culture using conventional PCR technique.

suspension inoculated with L. intracellularis was
6.5x102 CFU/ml.

Specificity of the real-time PCR. None of the
bacterial species other than B. hyodysenteriae and L.
intracellularis has given signal up to 40th and 50th PCR
cycle, respectively.

Discussion

Real-time PCR has several advantages over con-
ventional PCR. It focuses on the logarithmic phase of
product accumulation rather than on the end product
abundance. Therefore, it is more accurate since it is
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less affected by amplification efficiency or depletion
of reagents. In addition, it has an increased dynamic
range for quantification of target sequence (at least
5 orders of magnitude). Furthermore, with no
post-PCR manipulation of the samples, the danger of
cross-contamination between samples is greatly re-
duced. Finally, real-time PCR results can be obtained
within 1 h.

The real-time PCR for identification of B. hy-
odysenteriae and L. intracellularis developed in this
study proved to be faster and more efficient compared
to the conventional PCR for ante mortem diagnosis of
SD and PE. In contrast to some commonly used con-
ventional PCR protocols, performed inseparably in
combination with time-consuming gel electrophoresis,
this method enhances a reliable quantification and
substantially shortens the time of laboratory work.

One of the most important advantages of PCR for
the identification of B. hyodysenteriae and L. intracel-
lularis is lack of limitations associated with standard
bacteriological techniques and complicated in vitro
cultivation methods. Moreover, detection of these
microorganisms with the use of a 5’ nuclease assay is
not affected by viability of bacterial cells, which is al-
ways a concern of standard cultivation procedures due
to antimicrobial residues present in intestinal speci-
mens. In this context, real-time PCR, compared to
conventional PCR, offers even wider spectrum of
benefits, like reduced risk of contamination, quantifi-
cation of pathogens in a sample based on data col-
lected in exponential growth phase and quick results
with no-post PCR processing. Taking into account all
above advantages we decided to implement a new di-
agnostic tool to routine laboratory diagnostic of intes-
tinal infections in pigs.

Comparing to conventional PCR, real-time PCR
is more precise tool for the quantification of fecal bac-
terial levels, including greater resolution and repro-
ducibility of results. However, both techniques require
the efficient extraction of DNA from fecal samples
which is problematic due to the complexity of gut
microflora and the presence of PCR inhibitors. More-
over, DNA isolation from clinical material can be in-
efficient because fecal samples are usually not homo-
geneous and the inhibitory substances in feces can af-
fect the amplification process (Jacobson et al. 2004).
Therefore, in the first step of this project, two extrac-
tion methods were tested in order to select the more
efficient one. Although average Ct values for both
analyzed variants of extractions were similar and stat-
istically no differences were observed, a commercially
available Genomic Mini kit, based on silica-mem-
brane, was chosen for the further analysis. The choice
was supported by the results obtained by other
authors (Song et al. 2004, Freschi et al. 2005, Nelson

et al. 2010). Pilot studies performed by Song et al.
(2004) have confirmed that the use of commercial kit
for DNA extraction produces high-quality DNA free
of PCR-inhibiting substances. The same author in sev-
eral experiments proved that silica membrane-based
detection methods are strongly recommended due to
their high specificity, sensitivity and reproducibility.
Also, in opinion of Nelson et al. (2010) commercial
fecal DNA extraction kits, developed particularly to
overcome problems associated with incompletely re-
moved fecal inhibitors, are effective and guarantee
highly repeatable results. These findings are in agree-
ment with our experience (data not shown) that bac-
terial DNA isolated by silica membrane-based
methods is better purified and of higher quality. Final-
ly, according to studies performed by Freschi et al.
(2005) the efficiency of PCR performed on samples
subjected to the boiling-centrifugation DNA extrac-
tion method was very similar to those achieved by us-
ing the commercial kit. However, the speed and low
cost of the boiling-centrifugation technique must be
emphasized. In contrast, in opinion of this author
DNA samples prepared by boiling-centrifugation
were more easily degraded and could not be stored
for long periods at 4oC. This indicates that such
samples are of limited value and cannot be included in
retrospective studies. For this reason commercial kits
for DNA isolation should be recommended when
long-term storage of the extracted DNA is required.

Comparing the sensitivity of conventional and
real-time PCR for identification of B. hyodysenteriae,
the difference of one logarithm in favor of the second
method was only observed in samples containing pure
culture. For samples representing clinical material,
where B. hyodysenteriae culture was mixed with feces
suspension, the detection limit (1.5 x 103 CFU/ml) was
on the same level in both PCR methods. To compare
these results with the infection status of pigs it should
be emphasized that the number of spirochetes in dys-
enteric feces comes to 2 x 106 CFU/ml (Elder et al.
1994). Also, in a challenge study performed by Neef et
al. (1994) where gnotobiotic pigs were infected with B.
hyodysenteriae, B. innocens and P43 strain of B.
pilosicoli, the number of spirochetes in feces from 5 to
10 days post infection varied from 1 x 105 to 2 x 109

per gram of feces. The numbers did not differ signifi-
cantly in pigs with and without clinical signs of the
disease. Kunkle and Kinyon (1988) reported similar
numbers of B. hyodysenteriae at the onset of swine
dysentery.

The results of this study suggest that our real-time
PCR is able to detect lower number of B. hyodysen-
teriae than excreted by clinically ill animals, therefore
it is possible to identify both subclinically infected pigs
and those representing an acute form of the disease.
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It must be emphasized that Ct values of clinical
samples can be easily converted to number of bacter-
ial cells, which provides an approximate information
concerning the health status of an animal. This data is
important for field veterinarians, suggesting further
strategy of medication or vaccination on a farm
(Nathues et al. 2009).

The detection limit of the real-time PCR for sus-
pension of feces inoculated with L. intracellularis was
determined to be 6.5x101 CFU/ml, which is compar-
able to the results presented by Lindecrona et al.
(2002). In the opinion of this author, the sensitivity of
the 5; nuclease assay is equal to a fecal excretion of
approximately 4 x 104 L. intracellularis cells per 1 g of
feces. For comparison, challenge experiments per-
formed by Smith et al. (1997) have shown that pigs
may excrete L. intracellularis from 2 to 10 weeks after
infection, in the range of 5 x 104 to 7 x 108 organisms
per 1 g of feces. Having in mind the above range of L.
intracellularis cells excreted in fecal samples, our
real-time PCR is able to detect a relatively low numb-
er of L. intracellularis cells which is satisfying in rou-
tine diagnosis of PE.

The results of this study demonstrated that quan-
titative real-time PCR is useful for routine diagnosis
of L. intracellularis and B. hyodysenteriae. Compared
to conventional PCR, the new validated quantification
method based on real-time PCR is fast and offers re-
duced risk of laboratory contamination. The novel
technique is specific and sensitive. Furthermore, the
real-time PCR enables quick detection and quantifi-
cation of both pathogens in fecal samples, which helps
to estimate the health status of a pig herd.
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