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Abstract

Caseous lymphadenitis is still a serious zoonotic problem in Turkey. Sheep suffer from 
the disease with yield loss in wool and meat production. Moreover, with inexperienced 
laboratory staff, biochemical identification may go unrevealed. The scope of this study was 
to demonstrate the presence of Corynebacterium pseudotuberculosis in sheep by PCR. The 
sampling was conducted via collecting lymph fluids from the lymph node internal pouch wall 
of 100 sheep that were examined for the presence of Corynebacterium pseudotuberculosis. 
Molecular identification of the Corynebacterium pseudotuberculosis isolates was carried out 
by establishing the presence of the proline iminopeptidase gene. All isolates were confirmed to 
be Corynebacterium pseudotuberculosis by polymerase chain reaction. The polymerase chain 
reaction procedure conducted in this research was observed to be reliable and fast, and could 
be utilized for confirmation of caseous lymphadenitis in sheep as an optional technique to time-
consuming biochemical identification methods.
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Caseous lymphadenitis (CL) is a bacterial disease that causes considerable economic 
loss in sheep and goat industries (loss of skin and carcass value, loss of weight, loss 
of reproductive activity, and reduced milk yield) in many countries around the world 
(Guimaraes et al. 2011). Corynebacterium pseudotuberculosis (C. pseudotuberculosis) 
is a gram-positive, facultative intracellular actinomycete that causes chronic bacterial 
disease in sheep, goats, and other warm-blooded animals with caseous lymphadenitis 
(CLA) (Dorella et al. 2006). Pleomorphism in fresh C. pseudotuberculosis cultures 
is like that of Corynebacterium diphtheriae, and other bacterial species, in terms of 
microscopic morphology. However, metachromatic granules are better detected using the 
staining methods of Neisser and Albert (Ilhan 2001). Colonies are easily broken down 
and dispersed on agar, but are less dispersed in liquid medium (Paracikoglu and Aydin 
2006). Laboratory diagnosis is usually achieved through confirmation using bacterial 
cultures and by biochemical, serological and nucleic acid-based detection methods (Baird 
and Fontaine 2007; Guimaraes et al. 2011).

The microorganism continues to multiply in host cells after being taken up by 
macrophages, which are disrupted and the microorganism is released thereafter. Released 
microorganisms are subsequently taken up by other circulating phagocytic cells and the 
cycle is repeated. This repeated phagocytosis cycle has been reported to cause recurrent 
lesions in C. pseudotuberculosis infections in sheep (Yeruham et al. 1997).

In this study, the presence of C. pseudotuberculosis was identified in suspected cases 
of caseous lymphadenitis in sheep, using bacteriological cultures and polymerase chain 
reaction (PCR), in the Aydin Province of Turkey.
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Materials and Methods

Sampling
Abscess materials were collected from the parotid, retropharyngeal, submandibular, prescapular, popliteal, and 

prefemoral lymph nodules of 57 female and 43 male Sakiz sheep with enlargement and abscesses in clinically 
examined superficial lymph nodes (Plate I, Fig. 1). All sheep were from the Aydin Province of Turkey, bred 
for wool production in semi-open free stall sheep barns, and were suspected of having caseous lymphadenitis. 
Samples were collected from animals by clearing the lymph node with 70% ethanol followed by incision of the 
pouch, which was excised from the lesion using a sterile swab once the lymph fluid had been aspirated with a 
sterile syringe. All samples were collected from the inner membrane of the excised pouch and transported under 
the cold chain to the Department of Microbiology and Laboratory Diagnostics.

The Local Ethics Committee of the Adnan Menderes University, Turkey approved ethical clearance for this 
study (Document No: 09.10.2014, 64583101/2014/169) which was conducted in compliance with animal welfare. 

Bacteriological culture examination
Pouch swab specimens were inoculated directly on blood agar containing 5% defibrinated sheep blood. White, 

opaque, haemolytic, and convex colonies that formed after incubation at 37 °C for 72 h were investigated for 
the presence of C. pseudotuberculosis (Quinn et al. 2011). Following macroscopic examination of the bacterial 
colonies, Gram staining was conducted and suspected colonies of C. pseudotuberculosis were inoculated on 
cystine tellurite blood agar (cystine tellurite agar; 5% sheep blood supplemented with 1% potassium tellurite) and 
incubated at 37 °C for 72 h. Following incubation, black colonies were evaluated for haemolysis, H2S production, 
urease reaction, DNase, catalase, nitrate reductase, glucose, maltose, sucrose, starch, and pyrazinamidase 
activity (Guimaraes et al. 2011). The haemolytic bacterial isolates were identified as C. pseudotuberculosis, 
by the fact that catalase, DNase, H2S, urease, nitrate reductase reaction tested as positive, pyrazinamidase 
reaction negative. The utilization of glucose, maltose and starch were also regarded as a positive reaction for 
identification of C. pseudotuberculosis. The various stages of the identification procedures were confirmed using 
a C. pseudotuberculosis ATCC® 43924 positive control strain.

Genomic deoxyribonucleic acid isolation
The DNA was extracted from pure C. pseudotuberculosis cultures using a bacterial DNA isolation kit 

(Fermentas®, Lithuania), according to the manufacturer’s instructions. All isolation steps were conducted in 
1.5 ml microcentrifuge tubes.

Polymerase chain reaction
Colonies identified as C. pseudotuberculosis by the biochemical tests were confirmed by PCR. For PCR 

identification, oligonucleotide primers were designed to target the proline iminopeptidase (PIP) gene, 
which is the most conserved gene for pathogenic strain determination. The forward primer sequence was 
5’-AACTGCGGCTTTCTTTATTC-3’, and the reverse 5’-GACAAGTGGGAACGGTATCT-3’ (D’Afonseca 
et al. 2010). The PCR was prepared using 1× PCR buffer, 2 mM MgCl2, 200 μM deoxynucleotide (dNTP) mix, 
0.2 μM of each primer, 1.25 U Taq DNA polymerase, and 5 μl template DNA at a total volume of 25 μl reaction 
mixture. The PCR conditions were 5 min of pre-denaturation at 94 °C, followed by 35 cycles of 30 s denaturation 
at 94 °C, 45 s annealing at 54 °C, 45 s extension at 72 °C, with a final extension step of 5 min at 72  °C. The 
amplification reaction mixtures were analysed by 2% agarose gel electrophoresis and visualized with a gel 
imaging system. The bands were expected to be 551 bp long (Kumar et al. 2012).

Results

Corynebacterium pseudotuberculosis was identified from pouch swab samples taken 
from 100 sheep, by microscopic examination of morphology and analyses of biochemical 

activities at the Microbiology Department 
of Adnan Menderes University, Faculty of 
Veterinary Medicine. The colonies were 
subjected to molecular identification by PIP 
gene detection (Plate I, Fig. 2). 

From these isolation and identification 
studies, 17 (17%) of the 100 pouch swab 
samples collected were found to contain 
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Table 1. The isolation number and ratios of 
Corynebacterium pseudotuberculosis isolates in sheep 
according to sex.

Sex Isolation number Isolation ratio (%)
Female
(n = 57) 10 17.5
Male 
(n = 43) 7 16.2



C. pseudotuberculosis. The numbers and 
ratios of isolations according to sex are 
presented in Table 1.

The isolation numbers and rates of 
C. pseudotuberculosis isolates according to 
age are shown in Table 2.

Regional isolation numbers and 
ratios according to lymph nodules for 
C. pseudotuberculosis colonies are shown in 
Table 3.

In addition to isolation of C. pseudo-
tuberculosis, 22 (22%) Staphylococcus 
sp., 20 (20%) Streptococcus sp., 16 (16%) 
Bacillus sp., and 13 (13%) Pasteurella sp. 
were isolated in this study.

All isolates were examined by PCR and 
found to be positive for the presence of the 
PIP gene and thus were confirmed as C. 
pseudotuberculosis.

Discussion
Caseous lymphadenitis causes important economic losses in somecountries, whereas 

in others it remains relatively unimportant. The disease is considered a major problem 
for sheep, and is widespread throughout Europe, Africa, the Middle East, Australia, and 
the United States. It is suggested there may be a close genotypic relationship between 
C. pseudotuberculosis isolates of small ruminant origin from different regions of the world, 
given the disease spread following new migrations and sheep exports to Australia and the 
United States (Baird and Fontaine 2007). However, disease spread is reported to be 
lower than disease prevalence in many countries, where it is stated at 8–90% (Erganis 
et al 1990; Cetinkaya et al 2002; Al-Gaabary et al. 2009; Guimaraes et al. 2009; 
Seyffert et al. 2010).

Previous studies have shown that the data obtained for C. pseudotuberculosis 
prevalence vary. Corynebacterium pseudotuberculosis prevalence was reported to be 
4.81% in a study conducted in Egypt (Mubarak et al. 1999); other studies have reported 
a prevalence ranging from 0.2% to 90.07% (Al-Gaabary et al. 2009, 2010). In addition, 
bacteriological studies have identified C. pseudotuberculosis at rates ranging from 1.1% 
to 32.6% (Al-Gaabary et al. 2010; Hassan et al. 2011; Zavosht i  et al. 2011). Isolation of 
C. pseudotuberculosis has also been reported as troublesome, depending on the 
infection stage of the disease, the immune status of the animal, and the presence 
of other bacterial species in the abscess content (Al-Gaabary et al. 2009). Studies  
have also shown that caseous lymphadenitis caused by C. pseudotuberculosis has 
caused loss of yields in Asia, Africa, Central, and South America (Guimaraes  et al 
2011).

Studies carried out in different regions of Turkey found that caseous lymphadenitis is 
especially prevalent in lambs (Erganis et al. 1990; Cetinkaya et al. 2002; Ilhan 2013). 
In addition, the presence of C. pseudotuberculosis was diagnosed by Enzyme Linked 
Immonusorbent Assay (ELISA) and dot-blot ELISA (Ilhan 2001).

Sakmanoglu et al. (2015) identified 72 C. pseudotuberculosis strains by colony 
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Table 2. The isolation number and ratios of 
Corynebacterium pseudotuberculosis isolates in 
sheep according to age.

Age range Isolation number Isolation ratio (%)
0–12 months 1   6
12–24 months 3 17.5
24–36 months 10 58.5
36–48 months 2 12
48 months and older 1   6

Table 3. The regional isolation numbers and ratios 
of Corynebacterium pseudotuberculosis isolates in 
sheep according to the lymph nodules.
Lymph nodule Isolation number Isolation ratio
   (%)
Parotid 4 23.5
Retropharyngeal 3 17.5
Submandibular 3 17.5
Prescapular 4 23.5
Popliteal 1   6
Prefemoral 2 12



morphology, microscopic morphology, and biochemical characteristics in 1,176 lymph 
node cultures. Identified strains were further confirmed by PCR.

The true economic loss in result of CLA in Turkey remains unknown. In many countries 
including Turkey, the actual prevalence of the disease, the rate of infection, and associated 
losses have largely been ignored. Owing to the very rapid spread and transmission of 
the disease, eradication after a flock is infected is incredibly difficult. The first step in 
combating CLA is to identify infected animals so as to prevent disease transmission to 
non-infected animals or flocks. Although C. pseudotuberculosis is susceptible to various 
antibiotics in vitro, it can only be treated with a limited range of antibiotics in vivo (Judson 
and Songer 1991; Baird 2006). Surgical excision of lymph nodes can be used to curb the 
disease, but this procedure is troublesome, costly, and difficult to implement (Baird 2006).

No difference was found between male and female sheep in terms of susceptibility to the 
infection; however, there is an important relationship between the prevalence of infection 
and age. The morbidity rate is low in suckling lambs and sheep of up to one year of age. The 
morbidity rate increases until the average age of 30 months in association with cutaneous 
wounds. From the age of 30 months, the morbidity rate decreases, likely because of acquired 
immunity (Lund et al. 1982; Zaitoun and Bayoumi 1994). In accordance with previous 
data, no significant difference was found in the isolation rates between male and female 
animals in this study. When the age interval was evaluated, it was determined that animals 
infected with C. pseudotuberculosis isolates ranged between 24–36 months of age (58.5%).

When superficial lymph nodes were considered in this study, it was seen that the isolation 
rate was the highest among the parotid, prescapular, and submandibular lymph nodes. 
This scenario was defined as the formation of open wounds due to the anatomically more 
sensitive cervical and scapular regions during the fracture and penetration of these wounds 
into the regional lymph nodes. It was also established that bacteria could reach the cervical 
and scapular lymph nodules regionally through oral administration of water and feed 
materials contaminated with C. pseudotuberculosis. Fontaine and Baird (2008) utilised 
immunohistochemical detection methods to detect scattered bacterial clusters in immature 
fibrosis lesions in the area between the coagulative necrosis region and the capsule. As a 
similar finding, it is considered that the pouch samples collected in this study contain dead 
or degenerated bacteria rather than active bacteria, as the isolation rates are lower in this 
study compared to others.

The PCR is a reliable technique that is frequently used for the direct examination of 
various clinical and post mortem samples. However, PCR has not been widely used for 
the direct detection of C. pseudotuberculosis in clinical specimens (Pacheco et al. 2007). 
Methods for pathogen detection have been proposed, which include many of PCR-based 
methods (Hoorfar et al. 2004) that detect conserved genes specific to pathogenic strains. 
Numerous bacterial toxins, virulence factors, and information about the genome of the 
organism have led to an increased understanding of bacterial pathogenicity mechanisms. 
Since virulence factors are directly involved in mechanisms of bacterial pathogenicity, 
genes encoding these factors represent ideal targets for the molecular detection of the 
correct pathology of a relevant bacterial pathogen using different medical methods. 

Loci encoding the numerous virulence genes in the pathogenicity islets (PAIs) of the 
bacterial genome characterize the bacterial life cycle. In the C. pseudotuberculosis genome, 
there are PAIs containing PIP genes. Therefore, the clinical specimens isolated from the 
CLA cases found for this study were first confirmed to contain C. pseudotuberculosis 
by bacterial culture and biochemical identification, and then subsequently by PCR. The 
procedure for detecting the PIP gene for species-based genotypic identification of C. 
pseudotuberculosis was demonstrated to be of diagnostic value. All C. pseudotuberculosis 
isolates identified in this study were also tested positive by the PIP gene-based PCR, and 
all PIP positive isolates were identified as C. pseudotuberculosis.
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In conclusion, the incidence of caseous lymphadenitis infection was found to be 17% in 
sheep in the Aydin Province in Turkey. In this study, the presence of C. pseudotuberculosis 
was confirmed by both phenotypic and genotypic methods. It was also shown that the PIP 
gene used for PCR detection was useful and accurat ein validating isolates identified using 
their biochemical properties. Through these findings, it was concluded that biosecurity 
measures against caseous lymphadenitis disease should be taken in and around the Aydin 
Province in Turkey where sheep breeding is common.
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Plate I
Parin U. et al.: Molecular identification  ... pp. 3-8

Fig. 1. Examples of three sheep with submandibular, parotid, and retropharyngeal abscesses.

Fig. 2. Results of PCR for C. pseudotuberculosis PIP-specific gene detection. M: 100 bp DNA ladder,  
P: Positive control (C. pseudotuberculosis ATCC 43924), N: Negative control, 1–4: examples of PIP 
positive samples.
PCR: polymerase chain reaction; PIP: proline iminopeptidase; DNA: deoxyribonucleic acid; ATCC: 
American type culture collection


