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Diagnostic comparison of Corynebacterium pseudotuberculosis
through microbiological culture and PCR in sheep samples
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ABSTRACT: Cascous lymphadenitis is a chronic infectious
disease caused by Corynebacterium pseudotuberculosis, which is a
bacterium responsible for a great number of economic losses on
goat and sheep production. It is characterized by the formation of
abscesses in superficial lymph nodes and in internal organs and
lymph nodes. This study aimed at determining the agreement
between microbiological culture and PCR in the identification
of C. pseudotuberculosis, in samples collected from animals in
slaughterhouses and in animals that presented lymph node
enlargement in field conditions. From the 202 samples analyzed
through microbiological culture, 113 (56%) were positive for
Corynebacterium sp.; from these positive samples, 38 (34%) were
identified as C. pseudotuberculosis by microbiological culture.
From the amount of samples, 110 (54%) were positive and 92
(46%) were negative in the PCR. Kappa index (0.193) presented
a weak agreement between PCR and microbiological culture. We
concluded that molecular diagnosis (PCR) in clinical samples
proved to be more efficient, reproducible, and faster than the
microbiological culture, both on clinical samples analyses and
in the confirmation of C. pseudotuberculosis in colonies that
were classified by Corynebacterium genus. Thus, the present
study demonstrated the importance of PCR to confirm C.
pseudotuberculosis diagnosis, and the best contribution for the
epidemiological surveillance of the disease in sheep.
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RESUMO: A linfadenite caseosa é uma doenga infectocontagiosa
cronica, causada pelo agente etioldgico Corynebacterium pseudotuber-
culosis, que é uma bactéria responsdvel por grandes perdas econémi-
cas na produgio de ovinos e caprinos. Caracteriza-se pela formacao
de abscessos em nédulos linfiticos superficiais e em érgaos internos
e linfonodos. O presente trabalho teve por objetivo verificar a con-
cordéncia entre as metodologias de isolamento microbioldgico com
aPCR na identificacio do C. pseudotuberculosis, em amostras clinicas
colhidas em abatedouros e em animais que apresentavam aumento
de linfonodo em condi¢des de campo. Das 202 amostras analisadas
no cultivo microbioldgico, 113 (56%) foram positivas para o género
Corynebacterium sp., e 38 (34%) coldnias foram identificadas como
C. pseudotuberculosis por meio de cultura microbiolégica. Das amos-
tras clinicas extraidas, 110 (54%) foram positivas € 92 (46%) foram
negativas na PCR. A concordancia estimada entre as técnicas de
PCR ¢ o cultivo microbioldgico pelo indicador Kappa foi conside-
rada fraca (0,193). Concluimos que o diagnéstico molecular (PCR)
provou ser mais eficiente, rdpido e com reprodutibilidade quando
comparado ao cultivo microbiolégico das amostras clinicas bem como
da confirmacio do C. pseudotuberculosis de colonias pertencentes ao
género Corynebacterium. Dessa forma, o presente trabalho demons-
trou a importancia do uso da PCR na confirmacio diagndstica do
C. pseudotuberculosis, visando contribuir com a melhoria da vigilan-
cia epidemiolégica da doenga em ovinos.
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INTRODUCTION

Caseous lymphadenitis is an infectious, transmissible
and chronic disease of small ruminants that is caused by
Corynebacterium pseudotuberculosis (BATEY, 1986; BENHAM,
et al. 2002). The genus Corynebacterium is formed by small
or pleomorphic coccobacilli that are microaerophilic (5%
CO,), tolerant to aerophilic conditions, nonspore-forming,
and Gram positive (COLLET et al., 1994). The disease is char-
acterized by abscesses that may be internal or superficial, or
may affect internal organs (DoreLLA et al., 2006). Parotideal,
mandibular, superficial cervical, subiliac, popliteal, or mam-
mary lymph nodes may be affected. However, in some cases,
the disease may be asymptomatic, with internal abscesses in
lungs and bronchial lymph nodes, which may cause chronic
pneumonia, mesenteric lymphadenitis, and pyelonephritis
(PaTon et al., 1995).

Diagnosis is based on characteristics of the lesions (pres-
ence of external abscesses), and these confirmation relies on
isolation and biochemical identification, mainly to differ-
entiate opportunistic pathogens that also cause abscesses,
such as Arcanobacterium pyogenes and Pasteurella multocida
(DERCKSEN et al., 2000; DoRrEeLLA et al., 2006). Most of
the time, biochemical confirmation is not conclusive due
to the large phenotypic variability of C. pseudotuberculosis
(DERCKSEN et al., 2000). Thus, PCR diagnosis using spe-
cific primers is easier to identify colonies, enabling the right
classification of the microorganisms in their genus and spe-
cies, which is an important aid in the control of outbreaks
in any regions (CETINKAYA et al., 2002).

Such disease occurs worldwide, and severe issues due to
it have been described in commercial flocks of many different
countries (PATON et al., 1995; SaiD et al., 2002; ARSENAULT
et al., 2003; Bairp; FonTaINE, 2007). In Brazil, Moura
Cosrta etal. (1973) first reported caseous lymphadenitis in the
state of Bahia. In a study carried out by Costa et al. (2002),
the greatest prevalence of such disease in herds of sheep and
goat was observed in Northeastern of Brazil. In the slaughter-
houses of the South region of the country, the prevalence was
of 8%. In Rio de Janeiro, from 13 herds studied, 10 of them
were infected; and from them, 12% of the animals presented
clinical signs, and 22.5% were infected by C. pseudotubercu-
losis (RIET-CORREA et al., 2001). DaNIEL et al. (2009) found
positive results in 60% of the samples collected in slaughter-
houses and farms where there were suspected cases of caseous
lymphadenitis in the state of Sdo Paulo, Brazil.

The aim of the present study was to analyze the agreement
between microbiological culture and PCR in the identification
of C. pseudotuberculosis in samples collected in slaughterhouses
and in animals that presented lymph node enlargement at
field conditions.

MATERIAL AND METHODS

Samples

Samples from lesions that suggested caseous lymphadenitis
were collected from lungs, livers, hearts and mediastinal
lymph nodes (n = 125) of sheep in a slaughterhouse. In addi-
tion, pus samples were aseptically taken from abscessed
lymph nodes of naturally infected sheep herds (n = 77)
in Sorocaba, state of Sdo Paulo, Brazil. The 202 samples
(under refrigeration and inside isothermal containers) were
immediately sent to the General Bacteriology Laboratory
of Instituto Bioldgico.

This paper has been realized according to the principles
approved by Ethics Committee in use of animals at University
of Sao Paulo, it has been approved at meeting on 06/22/2011,
on the protocol number 2208/2011.

Microbiological culture

Material aspirated from lymph nodes and organs collected
in the slaughterhouse was suspended by 1:5 (w/v) in ster-
ile saline solution (0.85%), and 10 mL of the suspension
were seeded on 5% sheep blood agar and incubated for
48 hours at 37°C. After the incubation period ended,
when bacterial multiplication occurred in the medium,
bacterioscopy by Gram stain was performed, and the
bacterial species were identified by catalase, MacConkey
agar, fermentation of glucose and lactose (TSI — triple
sugar iron), motility, urease, nitrite reduction and gela-
tin liquefaction, according to QuinN et al. (2005) and
KoNEMAN et al. (2008).

DNA isolation

Two different protocols were adapted for extracting DNA

from bacterial cultures and clinical samples.

Bacterial cultures

Isolated colonies that belonged to genus Corynebacterium sp.
and C. pseudotuberculosis were resuspended in 100 pL of
0.85% sterile saline solution and boiled for 10 minutes at
100° C (BERMER-MERCHIOR; DRUGEON, 1999).

Clinical samples

DNA extraction from clinical samples was conducted
using DNAzol (Invitrogen®) from lymph node superna-
tant and (lungs, livers, hearts, and mediastinal lymph
nodes) organ suspension diluted by 1:5 (w/v) in 0.85%.
saline sterile solution.
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mPCR

For C. pseudoruberculis identification it was carried out
the PCR technique described by Pacueco et al. (2007)
adapted, because only primer was used this reaction. The p/d
gene with amplifies 203 pb the gene C. pseudotuberculosis.
This sequence of pld gene is present in both C. pseudotuber-
culosis and C. ulcerans, the PLD-F to amplify the pld genes
of both bacteria and reverse primer (PLD-R1) detection
C. pseudotuberculosis and primer PLD-R2 excluded C. ulcer-
ans (table 1). The template concentration was approximately
10 ng of DNA added of 40 L of the PCR mix containing
1.25 U Taq DNA polymerase (Invitrogen®), 200 M of each
deoxynucleotide, buffer (10 mM Tris-HCI, pH 8.0; 50 mM
KCl); 2 mM MgClz, and 0.5 M of each primer. As posi-
tive control, used C. pseudotuberculosis from the Instituto
Biolégico and C. ulcerans (CDC KC279), and ultrapure
water was used as negative control. The amplification proto-
col was: denaturation at 95°C for 3 min; 30 cycles of 95°C
for 1 min; 58°C for 40 s and 72°C for 1 min, final extension
at 72°C for 7 min. the amplified products were resolved by
electrophoresis on 1.0% (w/v) agarose gels and visualized

by Sybr Safe (Invitrogen®) 0.5 g/mL.

Statistical analysis

The Kappa index, expressing the correlation between the PCR
and microbiological results, was obtained using the Minitab
program, version 16.

RESULTS

Two-hundred and two clinical samples (Fig. 1), from animals
with lesions suggestive of caseous lymphadenitis, were analyzed.

From such amount, 113 cultures (56%) were positive for
the Corynebacterium sp. genus, 38 of them (34%) were iden-
tified as C. pseudotuberculosis by the following biochemical
tests: catalase production, variable fermentation of glucose
and lactose, negative motility, positive urease, negative nitrite
reduction, and negative gelatin liquefaction. Other bacterial
agents were isolated and biochemical methods were conducted
in the 202 analyzed samples: Staphylococcus sp. (45.5%), Bacillus
sp. (38%), Corynebacterium sp. (7%), Enterobacteria (6.5%),
Pseudomonas sp. (3%), Escherichia coli (3%), Acinetobacter
sp. (2.5%), Serratia marcescens (2%), Streptococcus sp. (2%),

Citrobacter freundii (2%), Klebsiella ozaeneae (1.5%), Actinomyces
sp. (1%), Klebsiella pneumoniae (0.5%), Enterobacter gergoviae
(0.5%), and non-fermenting Gram-negative bacilli (8%).

From 113 colonies isolated through microbiological culture
and identified as Corynebacterium sp., 90 (80%) were positive
in the PCR for C. pseudotuberculosis. (Fig. 2). PCR results for
DNA extracted directly from clinical samples presented 110
(54%) positive samples, and 92 (46%) negative ones for C.
pseudotuberculosis. From the 110 positive ones in the PCR,
64 (58%) were confirmed through C. pseudotuberculosis, 10
(9.3%) were identified as belonging to Corynebacterium sp.
genus (negative in the PCR for C. pseudotuberculosis), and
34 (31%) did not present growth in microbiological culture.

According to the literature, the agent shows the follow-
ing biochemical profile (KonEmam et al., 2008): variable
utilization of glucose and lactose; variable gelatin liquefac-
tion; positive urease activity; negative nitrate reduction,
and motility. The present study has found 12 profiles, and
three of them were confirmed as C. pseudotuberculosis in the
microbiological culture. PCR presented other nine different
identification profiles.

From data presented on Table 2, we concluded that all
isolates that were Gram positive, non-motile coccobacilli,
non-producers of gelatinase, showed variable nitrate to nitrite
reduction and urease production, and the following possible
TSI profiles:

*  positive glucose and variable lactose, or
*  negative glucose and negative lactose, were confirmed as
C. pseudotuberculosis by molecular methods.

LN: lymph nodes

Figure 1. Distribution of sheep tissue samples analyzed in this
study. Samples were collected from animals in a slaughterhouse
and from naturally infected sheep.

Table 1. Sequence of oligonucleotide primers for C. pseudotuberculosis detection adapted of PACHECO et al. (2007).

PLD-F

ATAAGGTAAGCAGGGAGGA

pld PLD-R1

203 pb

ATCAGCGGTGATTGTCTTCC

PLD-R2

ATCAGCGGTGATTGTCTTCCAGG
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202 samples

Microbiological
culture

75Corynebacterium
spand 38 C.

pseudotuberculosis

(total: 113 samples)

PCR colonies PCR colonies
90 positive 23 positive

89 negative

PCR

110C.

92 ti
pseudotuberculosis negative

Figure 2. Distribution of results obtained in microbiology assays and multiplex-PCR made using sheep tissue samples.

Table 2. Correlation between biochemical profiles and PCR in colonies isolated from clinical samples of sheep suspected of caseous

lymphadenitis, Sao Paulo, 201 3.

= Corynebacterium sp.

C. pseudotuberculosis

Corynebacterium sp.

C. pseudotuberculosis

Corynebacterium sp.

C. pseudotuberculosis

Corynebacterium sp.

C. pseudotuberculosis

Corynebacterium sp.

C. pseudotuberculosis

Corynebacterium sp.

C. pseudotuberculosis

C. pseudotuberculosis

C. pseudotuberculosis

C. pseudotuberculosis

C. pseudotuberculosis

Corynebacterium sp.

C. pseudotuberculosis

C. pseudotuberculosis

C. pseudotuberculosis

Corynebacterium sp.

C. pseudotuberculosis

16 G()L() = = =

18 G(+)L(+) - - - -
2 G(+) L() - + - -
2 G() L) - - -
2 G(+) L(+) - - . -
4 G(+) L() . . ° -
7 G(+) L(+) - - i -
26 G(+)L(-) = S + =
3 G(IL() - + + -
5 () L() - - + -
3 G(+) L) - * * -
1 G(+) L (+) - + -

Corynebacterium sp.

C. pseudotuberculosis

TSI: triple sugar iron; G: glucose; L: lactose

In the classification of the samples analyzed by PCR and
microbiological culture, Kappa index presented a weak agree-
ment (4 = 0.193) between microbiological culture and PCR.

DISCUSSION

The present study analyzed 202 samples collected from sheep
with lesions suggestive of caseous lymphadenitis in a slaugh-
terhouse located in the state of Sao Paulo and from naturally
infected animals. From a total of samples, 113 (56%) were
positive for Corynebacterium sp. genus, and only 38 (34%) were
identified as C. pseudotuberculosis in biochemical tests. PCR
presented 110 (54%) positive samples for C. pseudotuberculosis.

Kramis et al. (2005) have reported the importance of using
molecular methods (PCR, RFLP) to confirm the genus and
species in coryneform bacteria, once biochemical tests used
in the identification of C. pseudotuberculosis produce variable
results. CETINKAYA et al. (2002) consider biochemical iden-
tification as not reliable and PCR as useful. Thus, the latter
method is quick and specific to identify the colonies. It is also
sensitive to detect the agent directly from clinical samples.
In the present study, we compared the results from microbio-
logical assays and PCR of colonies, and 12 possible biochemical
profiles were found for C. pseudotuberculosis. This finding cor-
roborates the results of Kaamrs et al. (2005), CETINKAYA et al.
(2002), and PacuEco et al. (2007), who have reported a wide
variation in the biochemical characteristics of Corynebacterium
species, a situation that represents an issue in differentiation of
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species in this genus. On the other hand, PacHECO et al. (2007)
have stated that one of the disadvantages of PCR was that it
depended on microbiological culture. However, the present
study showed that PCR of clinical samples detected a larger
number of positive samples than microbiological culture. This
finding is supported by the weak agreement (0.193) between
microbiological culture and PCR calculated using the Kappa
index, given by the higher analytical sensitivity of PCR com-
pared with microbiological culture. SONGER et al. (1988) and
SutHERLAND et al. (1996) defined two genotypic profiles in the
identification of C. pseudotuberculosis, based on differences in
the ability of the bacterium to reduce nitrate: nitrite-positive
isolates came from horses (C. pseudotuberculosis biovar equi), and
nitrite-negative isolates from sheep and goats (C. pseudotubercu-
losis biovar ovis). However, in this investigation, six groups (16
animals) were positive for nitrate reduction and confirmed C.,
pseudotuberculosis through PCR. Migrs; Ley (1980) found 117
cases of ulcerative lymphangitis caused by C. pseudotuberculosis
in horses, and one sample was negative for nitrate reduction,
differently from the genotypic profiles determined by SoNGER
et al. (1988) and SUTHERLAND et al. (1996).

Besides biochemical variability, microbiological cul-
ture has the disadvantage of being related to the isolation of
opportunistic microorganisms that grow faster and prevent C.
pseudotuberculosis from being detected, since this bacterium
requires a 48-hour incubation period in aerobiosis to form
colonies (ConNoOR et al., 2000). Cultures of organs and their
contents show several bacterial agents, with greater incidence
of the genera Bacillus sp. and Staphylococcus sp. On the other
hand, ABREU et al. (2008) found several infectious agents asso-
ciated with C. pseudotuberculosis, mainly Staphylococcus sp. and
other unidentified Gram-negative bacteria. SAID et al. (2002)
also reported the presence of genera Staphylococcus aureus subps.

Anaerobius and Streptococcus sp., among others, but none of
these studies indicated the presence of Arcanobacterium pyo-
genes and Pasteurella multocida, which may cause purulent
lesions similar to C. pseudotuberculosis (DERCKSEN et al., 2000;
DoRrEeLLA et al., 2006).

In 33% of the samples from this study, where the genus
Bacillus sp. was isolated (data not presented), the species C. pseudo-
tuberculosis was detected only in the PCR of the clinical samples,
suggesting that the use of PCR prevented this interference with
the agent detection. In the present study, from the 202 samples
collected, 35 were from mediastinal lymph nodes, and from these
28 (80%) were positive for C. pseudotuberculosis. These data cor-
roborate the findings of FONTAINE et al. (2006), who described
that experimentally infected animals with C. pseudotuberculosis by
subcutaneous route developed primary foci infection in mediasti-
nal lymph nodes, followed by the lungs. SToops et al. (1984) also
reported that only 26% of the animals with caseous lymphadenitis
had apparent symptoms. This is in agreement with ARSENAULT
etal. (2003) findings, which indicated that 26% of the sheep with
caseous lymphadenitis slaughtered in Canada presented apparent
lesions. Herein, 32% of the slaughtered animals showed lesions
only in internal organs, mainly in mediastinal lymph nodes and
lungs, without any visible lesions and enlargement of external
lymph nodes. This is the most important finding for the disease
epidemiological control, since the transmission involves contact
with nasal secretions and aerosols (ELLis et al., 1987; PaToN et al.,
1995). In addition, animals that do not present overt disease are
important sources of infection.

We concluded that molecular diagnosis (PCR) in clini-
cal samples has proved to be more efficient, reproducible and
faster than microbiological culture, both in clinical samples
and in the confirmation of C. pseudotuberculosis colonies clas-

sified by belonging to genus Corynebacterium.
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