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ABSTRACT. Corynebacterium pseudotuberculosis, the infectious 
agent of caseous lymphadenitis (CLA), is responsible for substantial 
economic losses in goat and sheep production. Molecular characteriza-
tion of C. pseudotuberculosis isolates by enterobacterial repetitive in-
tergenic consensus (ERIC)-PCR has shown promising results in geno-
typing strains isolated from sheep with CLA. We evaluated the genetic 
diversity of C. pseudotuberculosis isolates collected from the Sertão 
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region of the Pernambuco (PE) State, Brazil, and investigated the po-
tential of ERIC-PCR as a tool for the molecular typing of strains of C. 
pseudotuberculosis isolated from goats. Thirty-two C. pseudotubercu-
losis strains isolated from goats in the municipalities of Floresta and 
Ibimirim, PE, C. pseudotuberculosis type strain ATCC 19410, the 1002 
vaccine strain, and a field isolate of Rhodococcus equi were fingerprint-
ed using the primers ERIC-1R and ERIC-2 and the primer pair ERIC-
1R+ERIC-2. Using 100% similarity as the cutoff, 8, 10, and 7 genotypes 
were obtained with ERIC-1-PCR, ERIC-2-PCR, and ERIC-1+2-PCR, 
respectively. The Hunter-Gaston discriminatory index calculated for the 
ERIC-1-PCR was 0.75. The index for the ERIC-2-PCR was 0.88, and 
the index for the ERIC-1+2-PCR was 0.79. Among goat isolates 
of C. pseudotuberculosis, three, two and four genotypes (found by 
ERIC-1-PCR, ERIC-2-PCR, and ERIC-1+2-PCR, respectively) had 
been previously described among sheep isolates from Minas Gerais 
State, Brazil. These results showed that ERIC-PCR has good discrimi-
natory power and typeability, making it a useful tool for discrimination 
among C. pseudotuberculosis isolates from goats.

Key words: Corynebacterium pseudotuberculosis; ERIC-PCR;
Caseous lymphadenitis; Goats

INTRODUCTION

Corynebacterium pseudotuberculosis is a Gram-positive, non-spore forming, faculta-
tive intracellular bacterium classified into 2 biotypes based on host preferences and nitrate-
reducing activity (Baird and Fontaine, 2007; Guimarães et al., 2011a). C. pseudotuberculosis 
is the etiological agent of caseous lymphadenitis (CLA) in goats and sheep (Guimarães et al., 
2011a), which is characterized by abscesses in superficial and visceral lymph nodes and is 
associated with significant losses in animal production (Baird and Fontaine, 2007). CLA is 
distributed worldwide and has a major impact in most sheep- and goat-raising areas (Baird and 
Fontaine, 2007; Seyffert et al., 2010, Guimarães et al., 2009, 2011a).

The molecular characterization of C. pseudotuberculosis, achieved through restriction 
fragment length polymorphism (Sutherland et al., 1996), ribotyping (Sutherland et al., 1993), 
pulse-field gel electrophoresis (Connor et al., 2000), and random amplified polymorphic DNA 
(RAPD; Foley et al., 2004) analyses, has revealed high genetic homogeneity within the spe-
cies. Subtyping of C. pseudotuberculosis strains isolated from various hosts using existing 
genotyping methods has proven to be difficult. Recently, we proposed a typing method based 
on enterobacterial repetitive intergenic consensus polymerase chain reaction (ERIC-PCR), 
which we found to be an excellent test for the genetic discrimination of C. pseudotuberculosis 
strains from sheep and had high resolution and good repeatability (Guimarães et al., 2011b). 
Thus, the aims of this study were to evaluate the genetic diversity of C. pseudotuberculosis 
isolates in the Sertão Region of Pernambuco State, Brazil, using ERIC-PCR and to investigate 
the potential use of this technique as a tool for molecular typing of C. pseudotuberculosis 
strains isolated from goats.
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MATERIAL AND METHODS

Bacterial strains and culture conditions

Thirty-four C. pseudotuberculosis strains, including 32 field isolates from goats, the 
1002 vaccine strain, the ATCC 19410T type strain, and 1 Rhodococcus equi field isolate, were 
used in this study. All C. pseudotuberculosis field strains were isolated from suspected CLA 
lesions and were collected from goats in the municipalities of Floresta (7) and Ibimirim (25) 
in the Sertão Region of the Pernambuco State, Brazil. The purulent material was collected 
between 2008 and 2009. 

The isolates were plated on agar (Difco, USA) with 5% defibrinated sheep blood and 
incubated at 37°C for 48 h. They were identified using standard biochemical tests (MacFaddin, 
1980) and characterized according to the methods of Coyle et al. (1985). Species identification 
was also confirmed using phospholipase D PCR (Pacheco et al., 2007).

Genomic DNA extraction

Genomic DNA was extracted from C. pseudotuberculosis cells according to the meth-
ods of Pitcher et al. (1989). 

ERIC-PCR conditions

C. pseudotuberculosis isolates were fingerprinted with RAPD using the following 
primers (Versalovic et al., 1991) as described by Guimarães et al. (2011b): ERIC-1R 
(5ꞌ-ATGTAAGCTCCTGGGGATTCAC-3ꞌ), ERIC-2 (5ꞌ-AAGTAAGTGACTGGGGTGAGC
G-3ꞌ), and the ERIC-1R+ERIC-2 primer pair (Invitrogen, USA). To avoid misinterpretation 
owing to interassay variability, all strains were assayed at the same time and under similar 
conditions. Only 1 electrophoresis was performed for each primer or primer pair evaluated.

Genotype analysis 

Band size estimates and genotype analysis were performed using BioNumerics 6.0 
(Applied Maths, Belgium). Clustering analysis was performed based on the Dice coefficient 
and the unweighted pair-group method with arithmetic mean using the same software. The 
Hunter-Gaston diversity index (HGDI) was calculated to evaluate the discriminatory power of 
all ERIC-PCR tests (Hunter and Gaston, 1988). Typeability was evaluated from the proportion 
of isolates that were scored in the ERIC-PCR assays and assigned a type (Struelens, 1998).

RESULTS

The molecular characterization of C. pseudotuberculosis isolates with ERIC-PCR using 
100% similarity as a cutoff point revealed 8 genotypes through ERIC-1-PCR (Figure 1), 10 geno-
types through ERIC-2-PCR (Figure 2), and 7 genotypes through ERIC-1+2-PCR (Figure 3). The 
HGDIs calculated for the ERIC-1-PCR, ERIC-2-PCR, and ERIC-1+2-PCR were 0.7496, 0.8824, 
and 0.7933, respectively. In the typeability test, all C. pseudotuberculosis and R. equi strains tested 
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Figure 1. Cluster analysis of the ERIC-PCR fingerprint (ERIC-1) of 32 Corynebacterium pseudotuberculosis 
isolates from goats in the Sertão Region of the Pernambuco State, Brazil. The C. pseudotuberculosis type 
strain ATCC 19410T, the 1002 vaccine strain, and a field isolate of Rhodococcus equi were also included. The 
numbers in parentheses correspond to the number of isolates within the genotype. The field isolated of R. equi 
is denoted by an asterisk.
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Figure 2. Cluster analysis of the ERIC-PCR fingerprint (ERIC-2) of 32 Corynebacterium pseudotuberculosis 
isolates from goats in the Sertão Region of the Pernambuco State, Brazil. The C. pseudotuberculosis type 
strain ATCC 19410T, the 1002 vaccine strain, and a field isolate of Rhodococcus equi were also included. The 
numbers in parentheses correspond to the number of isolates within the genotype. The field isolated of R. equi 
is denoted by an asterisk.
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Figure 3. Cluster analysis of the ERIC-PCR fingerprint (ERIC-1+2) of 32 Corynebacterium pseudotuberculosis 
isolates from goats in the Sertão Region of the Pernambuco State, Brazil. The C. pseudotuberculosis type 
strain ATCC 19410T, the 1002 vaccine strain, and a field isolate of Rhodococcus equi were also included. The 
numbers in parentheses correspond to the number of isolates within the genotype. The field isolated of R. equi 
is denoted by an asterisk.
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were fingerprinted using ERIC-PCR and assigned a type. For each ERIC-PCR assay, the numbers 
of genotypes found in the municipalities of Floresta and Ibimirim were, respectively, as follows: 
ERIC-1-PCR, 4 and 6; ERIC-2-PCR, 4 and 8; ERIC-1+2-PCR, 2 and 6.

Of the 8 genotypes identified with ERIC-1-PCR among the C. pseudotuberculosis isolates 
from goats, 3 had been previously described in sheep in Minas Gerais State, Brazil (Guimarães et 
al., 2011b). The new genotypes constituted 37.14% of all typed C. pseudotuberculosis goat iso-
lates. In the ERIC-2-PCR assay, only 2 genotypic profiles matched previously reported genotypes 
(Guimarães et al., 2011b), whereas 85.71% of the studied goat isolates had not been previously 
described. Fingerprinting of C. pseudotuberculosis isolates from goats using ERIC-1+2-PCR also 
revealed 3 genotypes that were identical to genotypes previously described in C. pseudotuberculo-
sis isolates from sheep (Guimarães et al., 2011b), whereas 45.71% of the strains represented new 
genotypes. For all ERIC-PCR assays, the previously described genotypes were assigned the same 
identification label used by Guimarães et al. (2011b), and the new genotypes were labeled sequen-
tially in the same way (see Figures 1, 2, and 3). The 1002 vaccine strain and the ATCC 19410T 
strain showed genotypes similar to those of most isolates tested and identical to 2 described by 
Guimarães et al. (2011b), whereas the R. equi field strain exhibited a pattern that was genetically 
distinct from the C. pseudotuberculosis strains (see Figures 1, 2, and 3).

DISCUSSION

Until recently, published data have shown that the techniques (pulse-field gel electro-
phoresis (Connor et al., 2000), restriction fragment length polymorphism (Sutherland et al., 
1996), ribotyping (Sutherland et al., 1993), and RAPD (Foley et al., 2004)) available for the 
molecular characterization of C. pseudotuberculosis strains isolated from various hosts have 
low discriminatory power. In contrast, ERIC-PCR has been successfully used in our research 
to genotype C. pseudotuberculosis isolates from sheep, indicating that it is a promising tech-
nique for use in CLA epidemiology (Guimarães et al., 2011b). The findings of the present 
study corroborate those of the previous report, demonstrating high discriminatory power and 
typeability for all ERIC-PCR assays tested on C. pseudotuberculosis isolates from goats; fur-
thermore, our results enabled us to make epidemiological inferences.

HGDI is a key characteristic of typing systems and is based on an estimate of their 
capability to differentiate between 2 unrelated strains (Hunter, 1990). The high HGDIs of the 
3 ERIC-PCR assays used on the C. pseudotuberculosis goat isolates were similar to those 
reported by Guimarães et al. (2011b) in sheep isolates. These results demonstrated the appli-
cability and high discriminatory power of this typing technique compared to those previously 
used with C. pseudotuberculosis. Despite the relatively small number of strains studied (32), 
the ERIC-PCR assays facilitated differentiation among strains, yielding 7 to 10 distinct geno-
types depending on the primer set used.

The ERIC-PCR typing data suggest that extensive genetic diversity exists among C. 
pseudotuberculosis isolates from Ibimirim and Floresta municipalities in the Sertão Region of 
Pernambuco State, Brazil. This genetic heterogeneity may reflect the current rapid growth of 
goat and sheep flocks in Brazil, which has resulted in the mass transportation of animals for 
breeding and the establishment of new herds. From 1997 to 2007, the goat and sheep herds 
in Brazil increased by 18.6 and 11.7%, respectively (Instituto Brasileiro de Geografia e Es-
tatística (IBGE), 2007). In the same period, the sheep and goat herds in the northeast region, 
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which includes the State of Pernambuco, grew by 29.6 and 16.4%, respectively (IBGE, 2007). 
In addition, in the herds sampled, sheep and goats frequently shared the same pasture.

The genotypes observed among the goat isolates of C. pseudotuberculosis, which 
were principally revealed in the ERIC-1-PCR and ERIC-1+2-PCR assays, showed that most 
of the goat isolate genotypes were similar to those of the C. pseudotuberculosis isolates from 
sheep in Minas Gerais State (Guimarães et al., 2011b). This high degree of similarity among 
C. pseudotuberculosis isolates from goats and sheep in 2 states in different regions in Brazil 
could also be explained by the rapid growth of the sheep herd in Brazil. Minas Gerais State 
received most of the sheep used to establish new flocks from the northeast region, which has 
the largest sheep herd in the country (Guimarães et al., 2009, 2011b). Moreover, most of the 
farms raised goats and sheep in the same herd, which could increase the rate of exchange of 
C. pseudotuberculosis strains between goats and sheep. These results are also supported by 
the high prevalence of CLA found in goat and sheep flocks in the State of Minas Gerais (Gui-
marães et al., 2009; Seyffert et al., 2010) and in goat flocks in the State of Ceará, which is also 
in the northeast region (Pinheiro et al., 2000).

The novel genotypes (Guimarães et al., 2011b) observed in this study may have resulted 
from differences between hosts (goats vs sheep), locations (Pernambuco vs Minas Gerais 
State), or sampling times (2007 vs 2010). Future studies using a larger collection of related and 
unrelated C. pseudotuberculosis strains isolated from various hosts should be carried out to 
demonstrate the epidemiological usefulness of the ERIC-PCR typing method.

The C. pseudotuberculosis vaccine strain 1002 [Empresa Brasileira de Pesquisa 
Agropecuária (Embrapa), 2000] showed high genetic similarity to C. pseudotuberculosis 
strains isolated from goats and sheep; these results suggest that the 1002 vaccine may protect 
against infection from C. pseudotuberculosis of various origins. It is unlikely that any of 
the strains typed in this or the previous study could be field isolates of the 1002 vaccine, as 
vaccination levels are still very low; the vaccine was not used in any of the flocks in Minas 
Gerais State in 2002 (Guimarães et al., 2009) and in only about 12% in 2007.

The results of the present study showed that ERIC-PCR has good discriminatory 
power and typeability, making the method useful for discriminating among C. pseudotubercu-
losis isolates from goats. The results highlight the usefulness of this method for investigating 
epidemiological relationships and sources of infection, and the method could thus be used to 
improve the control of CLA.
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