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Abstract

Caseous lymphadenitis (CL) in sheep is a chronic contagious disease caused by Corynebacterium pseudotuberculosis, common-
ly characterized by abscess formation in peripheral lymph nodes and disseminated infections. Nonetheless, other microorgan-
isms, including with zoonotic relevance, can be isolated from CL-resembling lymph nodes. Currently, mycobacteria have been
reported in visceral granulomatous lesions in small ruminants, a fact that poses a public health issue, particularly in slaughtered
sheep intended for human consumption. Cytology using fine needle aspiration and microbiological culturing are suitable tests for
routine diagnostic, whereas present drawbacks and molecular methods have been confirmatory. Data about the occurrence of
mycobacteria in both lymph nodes with aspect of CL and apparently healthy visceral nodes of sheep slaughtered for human
consumption are scarce. In this study, 197 visceral lymph nodes of sheep showed lymphadenitis and 202 healthy visceral lymph
nodes of slaughtered sheep intended for human consumption were submitted to conventional bacteriological diagnosis,
mycobacteria culturing, and cytological evaluation. Compatible Corynebacterium isolates were subjected to multiplex PCR
targeting 16S rRNA, rpoB, and pld genes to detect C. pseudotuberculosis. Based on microbiological identification,
C. pseudotuberculosis (86/197; 43.7%), streptococci y-hemolytic (17/197; 8.6%), and Trueperella pyogenes (12/197; 6.1%)
were prevalent in lymph nodes with abscesses, as opposed to staphylococci (53/202; 26.2%) in apparently healthy lymph nodes.
No mycobacteria were isolated. Cytology identified 49.2% (97/197) Gram-positive pleomorphic organisms (coryneform aspect).
Multiplex PCR confirmed genetic material of C. pseudotuberculosis in 74.4% (64/86) of the samples with C. pseudotuberculosis
isolation and 66% (64/97) samples with cytological coryneform aspect (k = 86.78%; 95% CI=79.87-93.68%). These findings
emphasize the prevalence of C. pseudotuberculosis in abscess formation among peripheral lymph nodes of sheep. Other bacteria
were also identified in lymph nodes sampled that resembling C. pseudotuberculosis—induced infections that may difficult the
diagnosis. Multiplex PCR revealed a valuable assay to detect C. pseudotuberculosis, in addition to routine methods applied to
CL-diagnosis. No mycobacteria were identified in lymph nodes sampled, with and without apparent lesions. Nonetheless, due to
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public health impacts, this pathogen should be considered as a differential diagnosis of C. pseudotuberculosis—induced infections
during inspection procedures of slaughtered sheep intended for human consumption.

Keywords Ovine lymphadenitis - Corynebacterium spp. - Multiplex PCR - Slaughterhouses

Introduction

Corynebacterium pseudotuberculosis is a well-recognized in-
tracellular pleomorphic Gram-positive bacterium; opportunis-
tic in nature; and able to infect humans, livestock, companion
animals, and wildlife. Biovar Ovis infects sheep and goats,
whereas biovar Equi infects cattle, horses, camels, and buffa-
loes [1-3]. This pathogen belongs to the CMNR group
(Corynebacterium, Mycobacterium, Nocardia, and
Rhodococcus), which is a heterogeneous group of pathogenic
bacteria characterized by diverse pyo- or granulomatous clin-
ical infections that affect animals and humans [4].

Corynebacterium pseudotuberculosis is a primary agent of
caseous lymphadenitis (CL) in both sheep and goats, a chronic
pyogranulomatous disease characterized by abscess formation
in peripheral lymph nodes (extern form) and visceral organs
(intern form), although the external form is most common in
goats, whereas the internal form is more frequently found in
sheep [5]. The primary route of entry of the pathogen is rep-
resented by skin trauma after an injury caused by shearing, tail
docking, tagging, castration, or other environmental hazards
that may result in cutaneous trauma. The pathogen is also
transmitted through ingestion, direct contact with aerosol,
and may infect mucous membranes and wounds.
C. pseudotuberculosis survives in the environment for several
months, likely contributing to its spread and persistence with-
in farms or flocks [1, 5].

The major virulent factors of the organism are represented
by phospholipase D and a lipid component of the bacterial
structure. Phospholipase D, an exotoxin, encoded by the pld
gene, possibly enhances the spread of bacteria by increasing
vascular permeability as well as damaging endothelial cells,
whereas the lipid component of the bacterial wall protects
against hydrolytic enzymes of phagocytic cells, enabling in-
tracellular permanence of the pathogen and development of
chronic pyogranulomatous reactions [1-3].

Submandibular, parotid, prescapular, and prefemoral nodes
are the main lymph nodes affected, although supramammary,
inguinal, and other nodes may be affected as well [1, 5-7].
The microorganism may spread by hematogenous route from
a primary site of the infection and develop organ abscesses,
the “thin ewe syndrome,” because of progressive weight loss
[1, 5]. Purulent nasal secretion, cough, fever, chronic weight
loss, and failure to thrive are the main clinical signs of internal
C. pseudotuberculosis infections, which show poor prognosis
or outcome. This internal form of the disease poses a diagnos-
tic challenge because initial C. pseudotuberculosis organ
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infections require imaging (radiography or ultrasonography)
or transtracheal lavage for early diagnosis, and possibly, dis-
cased animals are neglected or unnoticed on endemic farms.
Nonetheless, these animals represent a source of infection to
susceptible hosts through C. pseudotuberculosis shedding,
mainly by nasal secretions [5].

Although C. pseudotuberculosis is a primary cause of CL
[1, 7-9], a group of pyogenic microorganisms, including of
zoonotic impact, have also been isolated from sheep with ab-
scess formation on peripheral lymph nodes, e.g., staphylococ-
ci (Staphylococcus aureus), Trueperella pyogenes,
Pasteurella multocida, and streptococci [5, 9]. These organ-
isms are opportunistic in nature, inhabit the skin and mucous
membranes, and are transmitted mainly by traumatic skin in-
oculation or cutaneous wounds, causing lymph nodes aspect
that resembles C. pseudotuberculosis—induced infections [5,
10], reinforcing the importance of proper diagnosis of the
agents that cause lymph node abnormalities in sheep or flocks.

Caseous lymphadenitis remains a source of significant eco-
nomic losses in many countries, including reduced yields of
meat, milk, and wool, carcass, and skin condemnation; early
disposal or culling of infected animals; and death caused by
systemic spread of bacteria [1, 7, §8].

In the last decade, mycobacterial infections have been re-
ported as a cause of granulomatous (caseous) pulmonary and
lymphatic clinical disorders in small ruminants around the
world [11, 12], including in Brazil [13]. The genus
Mycobacterium includes a set of species with human and an-
imal relevance classified into three groups, i.e., (i) obligatory
pathogens of humans and animals (e.g., M. tuberculosis,
Mpycobacterium bovis, Mycobacterium africanum, and
Mycobacterium caprae, the so-called Mycobacterium
tuberculosis complex), (ii) potentially pathogenic microor-
ganisms to animals and humans (e.g., Mycobacterium avium
subsp. avium, Mycobacterium avium subsp. paratuberculosis,
Mycobacterium fortuitum, and Mycobacterium
scrofulaceum), and (iii) saprophytic or ubiquitous species
(e.g., Mycobacterium gordonae, Mycobacterium terrae,
Mpycobacterium smegmatis, and Mycobacterium phlei).
Mycobacteria cause pulmonary and extrapulmonary human
infections, especially among people living with HIV/AIDS
[14].

In humans, there is a marked increase of
C. pseudotuberculosis—induced infections. The pathogen has
been reported causing lymphadenitis and abscesses in people
[6, 15]. Likewise, some species of staphylococci, streptococci,
actinomycetes, and enterobacteria [10], which have been
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isolated from lymph nodes with and without lesions in sheep
may be pathogenic to humans. In addition, M. caprae isolated
from livestock have showed able to infect humans as well
[16]. The presence of pathogens with zoonotic relevance, able
to infect lymph nodes and organs of sheep, represent a public
health issue due to risks of direct transmission from sheep-to-
humans, particularly among animals intended for human
consumption.

Traditionally, routine diagnosis of CL in small ruminants
has focused on clinical signs, bacteriological cultures, serolog-
ical approaches, and postmortem examination [5, 9], although
serological approaches show drawbacks, particularly to orient
individual animals for culling programs due to the inability to
distinguish between early exposed and sick animals [5, 17]. In
the last decades, different molecular methods (conventional,
real-time, and multiplex PCR, sequencing, DNA-DNA hy-
bridization, matrix-assisted laser desorption-ionization time-
off flight mass spectrometry-MALDI-TOF MS) have been
used to confirm conventional diagnosis methods, in addition
to investigate the virulence profile, genetic diversity, and geo-
graphical distribution of C. pseudotuberculosis strains world-
wide [1, 2, 7, 8].

In Brazil, clinical manifestations, bacteriological culture,
and cytology are apparently the main procedures used in the
routine diagnosis of CL among herds/flocks of small rumi-
nants [18, 19], although molecular diagnosis has been used
to confirm C. pseudotuberculosis in comprehensive studies
[1, 6, 17]. Nevertheless, a few studies in Brazil have focused
on the postmortem prevalence of C. pseudotuberculosis,
mycobacteria, and other agents able to infect lymph nodes,
with and without lesions, from livestock slaughtered intended
for human consumption [20-22], particularly among small
ruminants [23, 24].

In this scenario, we investigated bacterial culturing, cyto-
logical, and molecular identification of C. pseudotuberculosis,
mycobacteria, and other opportunistic bacteria in lymph nodes
compatible with CL and healthy lymph nodes of slaughtered
sheep intended for human consumption.

Methods
Sample size

The sample size was calculated using the Open-Epi site based
on the following parameters: an estimated population of
500,000 sheep in the State of Sao Paulo, Brazil; a prevalence
of caseous lymphadenitis of about 70% in herds; a 95% con-
fidence level; and a 6% absolute error. Thus, a minimum
sample of 188 sheep with peripheral lymph nodes compatible
with CL was estimated to compare the results of microbiolog-
ical diagnosis, cytology, and multiplex PCR. Since there is no
study in Brazil regarding the identification of

C. pseudotuberculosis and mycobacteria in apparently healthy
lymph nodes from slaughtered sheep, a convenience sam-
pling, using similar minimum number described above to
CL was also sampled from apparently healthy lymph nodes.

Animals, farms, and slaughterhouses

A cross-sectional study was performed where the animals
were subdivided into two groups, i.e., G1 and G2. GI
consisted of 197 sheep with enlarged peripheral lymph nodes,
compatible with clinical CL, while G2 consisted of 202
healthy visceral lymph nodes collected in a slaughterhouse
in Sdo Paulo State, Brazil, sampled in 2013. The animals
slaughtered were up to 100 days old and had a weight of
approximately 30 kg. They came from 14 farms located in
Sao Paulo State, the southeastern region of Brazil, from small
(<50 animals) to medium (50-300 animals) scale farms, pre-
senting similar conditions in terms of general management,
health measures, facilities, and feed (pasture). The animals
were randomly enrolled in the study regarding age, breed,
and gender. Just one lymph node was sampled from each
animal from both studied groups. Except for enlargement of
peripheral lymph nodes, animals from G1 and G2 had no
signs of other diseases.

Cytology and microbiological culturing of specimens
Caseous lymphadenitis

Enlarged peripheral lymph nodes (submandibular, parotid,
prefemoral, popliteal, prescapular lymph nodes) were subject-
ed to aseptic fine needle aspiration (FNA) in duplicate, and
samples were collected using a Valeri™ (MPJ Equipamentos
Meédicos Ltda., Brazil) cytoaspirator with hypodermic needles
(30 x 7 mm) and individual disposable syringes (10 mL) [19].
All specimens were transported to the laboratory on ice (4—
8 °C). One sample of each sheep was submitted for cytolog-
ical examination by Gram and Diff-Quik staining. The other
sample was subjected to microbiological culturing on 5%
sheep blood agar (Oxo0id™, Hampshire, UK) and
MacConkey agar (Oxoid™, Hampshire, UK), and incubated
aerobically at 37 °C for 72 h.

Healthy lymph nodes

Healthy lymph nodes (mediastinal, pre-hepatic, and
mesenteric lymph nodes) were aseptically collected at the
slaughterhouse during meat inspections by a Brazilian official
veterinarian. All lymph nodes sampled were collected using
individual sterile gloves, immediately placed in individual and
hermetically sealed commercial plastic Zip lock® bags (CBC
Embalagens Plasticas Ltda, Sdo Paulo, Brazil), transported to
the laboratory on ice (4-8 °C), and stored frozen at — 20 °C. In
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the laboratory, the surface of each lymph node was subjected
to antisepsis (5% iodine plus 70% alcohol). Subsequently, the
lymph nodes were seared by a red hot spatula, and with sup-
port of sterile scissors and tweezers, a deep fragment of each
intact lymph node was collected for bacterial cultivation
[20-22] and cytological examination as described above.

C. pseudotuberculosis and other bacterial isolates

All samples from CL and apparent healthy lymph nodes were
subjected to culturing in defibrinated sheep blood agar (5.0%)
and MacConkey agar (Oxoid, Hampshire, UK), and incubated
at 37 °C under aerobic conditions for 72 h [10]. Small, white-
to-cream and dry colonies, surrounded by a hemolytic zone of
C. pseudotuberculosis—resembling cells, where pleomorphic
Gram-positive rods were seen (Gram staining), were further
tested for biochemical properties (e.g., catalase, urease, and
glucose fermentation) and synergistic hemolysis (CAMP test)
with a standard strain of Rhodococcus equi (ATCC 33.701+)
[1]. Colonies suspected of enterobacteria in MacConkey agar
were submitted to biochemical tests (motility, lysine decar-
boxylase, urease, phenylalanine deaminase, indole, glucose,
H,S, citrate production/reduction). Other microorganisms iso-
lated from sheep blood agar were identified based on Gram
staining, type of hemolysis, catalase, and other conventional
phenotypic tests [10]. Lymph nodes infection was defined as
the presence of at least 20 colony-forming units (exuberant
isolation).

Mycobacteria identification

For mycobacteria isolation, healthy lymph node fragments
and peripheral lymph node contents were subjected to
Petroff decontamination [10, 20], with some modifica-
tions. They were subsequently cultured on Lowenstein-
Jensen (Difco™, Becton, Dickinson and Company,
France) and Stonebrink-Lesslie media (in-house), and in-
cubated aerobically at 25 and 37 °C, respectively, for
90 days. Suggestive colonies of mycobacteria were
stained using the Ziehl-Neelsen technique, classified by
conventional methods [10] and subjected to further mo-
lecular analyses [21, 22].

Molecular detection of C. pseudotuberculosis

The molecular identification of C. pseudotuberculosis and
C. pseudotuberculosis—like isolates was based on multiplex
polymerase chain reaction as described previously [17]. This
multiplex assay detected 16S rRNA, rpoB (RNA polymerase
ribosomal (3-subunit), and pld (phospholipase D exotoxin)
genes and used the following primers: 16S-F (5'-ACCG
CACTTTAGTGTGTGTG-3'), 16S-R (5'-CTCT
ACGCCGATCTTGTAT-3"), C2700F (5'-CGTA
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TGAACATCGGCCAGGT-3"), C3130R (5'-TCCA
TTTCGCCGAAGCGCTG-3"), PLD-F (5'-ATAA
GCGTAAGCAGGGAGCA-3"), and PLD-R2 (5'-ATCA
GCGGTGATTGTCTTCCAGG-3") [8, 17, 25]. The
C. pseudotuberculosis standard strain 1002 was used as pos-
itive control.

Data analysis

The relationship between the microbiological and cytological
results was analyzed by the agreement using the kappa (k)
test, as well as the standard deviation and the 95% confidence
interval (95% CI). Descriptive statistics were used to report
the frequency of isolation of different microorganisms and its
relation to the cytological results. As multiplex PCR was
assayed to confirm C. pseudotuberculosis isolation by the
phenotypic tests, the percentage of success was reported. All
analyses were performed using BioEstat 5.0 [26].

Results

Positive bacterial isolation was observed in 75.1% (n =148/
197) of enlarged peripheral lymph node samples compatible
with CL. Corynebacterium pseudotuberculosis (86/197 =
43.7%), Streptococcus y-hemolytic (17/197 = 8.6%), and
Trueperella pyogenes (12/197 = 6.1%) were the prevalent mi-
croorganisms in microbiological culturing and phenotypic
identification. Considering the enlarged peripheral lymph
nodes (G1), 49.2% (97/197) revealed Gram-positive pleomor-
phic organisms (coryneform aspect). In the same way, 6.1%
(12/197) of the samples showed coryneform organisms in
cytology, but resulted in Trueperella pyogenes isolation
(Table 1).

Staphylococci and streptococci were prevalent in mono
and mixed coinfections among 202 healthy visceral lymph
nodes sampled from slaughtered sheep (G2). In contrast, no
mycobacteria and C. pseudotuberculosis isolates were ob-
served from G2 (Table 1).

Cytology identified 49.2% (97/197) Gram-positive pleo-
morphic organisms (coryneform aspect).

Multiplex PCR confirmed C. pseudotuberculosis in
74.4% (64/86) of enlarged peripheral lymph node samples
with phenotypic identification of the microorganisms in
the microbiological culture. In contrast, 66% (64/97) of
the samples of caseous lymphadenitis with the presence
of Gram-positive pleomorphic organisms (coryneform as-
pect) in cytology were positive to C. pseudotuberculosis
detected by multiplex PCR (Table 2). These results
showed agreement k =86.78% +3.52% (95%), CI
79.87-93.68%.
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Table 1

Mono- and co-occurrence of microorganisms in caseous lymphadenitis (enlarged lymph nodes) and healthy lymph nodes of slaughtered sheep

Microorganisms

Caseous lymphadenitis
Number of isolates (%)

Healthy apparent visceral lymph nodes
Number of isolates (%)

Corynebacterium pseudotuberculosis

Streptococcus 'y-hemolytic

Staphylococcus 'y-hemolytic

Trueperella pyogenes

Staphylococcus [3-hemolytic

Enterobacter spp.

Streptococcus 3-hemolytic

Escherichia coli

Bacillus spp.

Streptococcus «-hemolytic

Hafnia alvei

Aspergillus spp.

Staphylococcus 'y-hemolytic + Streptococcus [3-hemolytic
Staphylococcus 'y-hemolytic + Streptococcus 'y-hemolytic
Staphylococcus 'y-hemolytic + Streptococcus o-hemolytic
Streptococcus «x-hemolytic + Streptococcus (3-hemolytic

86/197 (43.7)

7/202 (3.5)

17/197 (8.6)

12/197 (6.1) 53/202 (26.2)
12/197 (6.1) ~

6/197 (3.0) -

3/197 (1.5) -

3/197 (1.5) 7/202 (3.5)
3/197 (1.5) 4202 (2.0)
3/197 (1.5) 3/202 (1.5)
2/197 (1.0) 3/202 (1.5)
1/197 (0.5) -

1/197 (0.5) -

- 13/202 (6.4)
- 10/202 (4.9)
- 4/202 (2.0)
- 2/202 (1.0)

% , percentage
Discussion

In the current study, multiplex PCR confirmed a 74.4%
C. pseudotuberculosis in the abscess formation in peripheral
lymph nodes of sheep with phenotypic identification of the
microorganisms in the microbiological culture. In addition,
other bacteria (staphylococci, streptococci, enterobacteria,
and other actinomycetes) were identified in CL samples re-
sembling the clinical aspect of the disease, reinforcing labora-
tory diagnosis as an important tool to control the disease. In
addition to conventional methods applied to the routine
laboratory diagnosis of CL (e.g., aerobic bacterial

Table 2

culture, cytology), multiplex PCR was a valuable assay
to confirm C. pseudotuberculosis etiology. Apart from
no identification of mycobacteria in lymph nodes sam-
pled, with and without lesions, due to public health rel-
evance, this pathogen should be considered as a differ-
ential diagnosis of C. pseudotuberculosis—induced infec-
tions during inspection procedures of slaughtered sheep
intended for human consumption.

Despite current reports of mycobacterial infections in small
ruminants worldwide, including in Brazil, data on the isola-
tion of mycobacteria from lymphadenitis and healthy lymph
node content are scarce. Most studies involving the diagnosis

Microbiological, cytological, and multiplex PCR diagnosis of C. pseudotuberculosis from enlarged peripheral lymph nodes from animals with

clinical signs of caseous lymphadenitis and from healthy visceral lymph nodes of slaughtered sheep

Test Results Caseous lymphadenitis Healthy visceral lymph nodes
Cytology +* 97 0
- 100 202
Total 197 202
Microbiological + 86 0
- 111 202
Total 197 202
Multiplex PCR* + 64 0
- 22 0
Total 86 0

+, positive; —, negative
*Gram-positive pleomorphic organisms

+16S rRNA, rpoB, and pld genes (confirmation test for positive results for cytological and microbiological tests)
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of C. pseudotuberculosis—induced infections in small rumi-
nants have focused on peripheral caseous lymphadenitis [2, 7,
8] or lymph nodes with a tuberculosis-like aspect by the inspec-
tion service in slaughterhouses [12, 13]; conversely, few studies
have investigated apparently healthy visceral lymph nodes from
sheep intended for human consumption. In addition, mycobac-
terial infections have not been routinely investigated as a dif-
ferential diagnosis to C. pseudotuberculosis infection, which
was one of the most important motivations of the pres-
ent study.

Several bacterial species are able to infect lymph nodes
of small ruminants, although C. pseudotuberculosis has
been described as the primary pathogen of CL in small
ruminants worldwide [1, 2, 7, 25, 27, 28]. In the same
way, the present study identified, phenotypically, 43.7%
(86/197) C. pseudotuberculosis strains from enlarged
lymph nodes of sheep, which reinforces the predominance
of this pathogen as the causative agent of CL in this
species.

Staphylococci, streptococci, and some enterobacteria
species were also identified among both caseous lymph-
adenitis and healthy visceral lymph node samples. These
pathogens are opportunistic in nature and may be found in
soil, feces, water, and farm tools (e.g., enterobacteria);
they are also commensal inhabitants of the skin and con-
junctive and oral mucosae (e.g., staphylococci and strep-
tococci) of livestock [9, 10]. This finding reinforces the
need for differential diagnosis of C. pseudotuberculosis—
induced infections and other agents that may infect lymph
nodes of sheep.

The genus Mycobacterium contains several species classi-
fied into three groups of relevance for animal and human
health, namely, (i) obligate animal and human pathogens;
(i1) potentially pathogenic mycobacteria to animals and
humans, “nontuberculous” or opportunistic mycobacteria;
and (iii) ubiquitous, saprophytic, or environmental
mycobacteria [14]. Obligate pathogens comprehend the
Mycobacterium tuberculosis complex (e.g., Mycobacterium
tuberculosis, M. bovis, M. africanum, M. caprae), whereas
the potentially pathogenic mycobateria group comprehends
the M. avium-intracellulare complex (i.e., M. avium subsp.
avium, M. avium subsp. paratuberculosis), M. fortuitum,
M. scrofulaceum, and others; while the saprophytic
mycobacteria group includes M. gordonae, M. terrae,
M. smegmatis, and others [14, 29].

Mycobacterium tuberculosis and M. bovis are the main
causative agents of tuberculosis in humans and cattle, respec-
tively, a well-known life-threatening disease worldwide that
causes significant economic losses and public health concerns
[12, 14]. Small ruminants are susceptible to M. bovis and
M. caprae, which cause granulomatous/caseous lesions main-
ly in pulmonary and lymphatic tracts. Nevertheless, mycobac-
terial infections in sheep are usually neglected, unnoticed, or
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restricted to case reports [11]. In addition, individual cases are
observed during routine postmortem inspection at the slaugh-
terhouse [12], including in Brazil [13].

No mycobacteria isolation was observed in this study. This
finding emphasizes the low impact of mycobacterial infec-
tions to the etiology of CL or even in healthy visceral lymph
nodes from slaughtered sheep. Nevertheless, herein, lymph
node sampling was restricted to just one geographical region
of Sdo Paulo State, Brazil, a fact that limited the consider-
ations of the present study.

Routine diagnosis of caseous lymphadenitis in small rumi-
nants has been based on clinical aspects, bacteriological cul-
ture, as well as serological and cytological examinations of
lymph node samples [1, 5, 9, 19]. In the current study,
43.7% of enlarged peripheral lymph nodes were positive in
the phenotypic identification of C. pseudotuberculosis, al-
though 49.2% showed coryneform aspect (Gram-positive
pleomorphic organisms) in cytology. In addition, 6.1% (12/
197) T. pyogenes also showed coryneform aspect. This limi-
tation of the cytology was expected due to the similar
morphotintorial aspect between C. pseudotuberculosis and
T. pyogenes [10, 19]. In the same way, the biochemical tests
used to identify C. pseudotuberculosis produces variable re-
sults, i.e., nitrite reduction, glucose and lactose fermentation,
motility, urease, and gelatin liquefaction [1, 3, 25], allowing
distinct biochemical profiles [18]. These findings require mo-
lecular methods to confirm the diagnosis of
C. pseudotuberculosis infections [2, 8, 17, 18, 25, 30].

At present, molecular methods, e.g., PCR, genome se-
quencing, and MALDI-TOF MS enable definitive diagnosis,
along with geographical distribution studies, virulence profile,
and genetic diversity investigation of Corynebacterium spe-
cies from domestic animals worldwide, including
C. pseudotuberculosis strains [2, 7, 8, 31-34]. In the coming
years, large-scale sequencing has seen used to investigate the
microbiota of lymph nodes from humans [35] and animals
(pigs) [36], with the aim to diagnose and differentiate
agents/diseases; however, this next generation sequencing
method has not yet been applied in the investigation of lymph
nodes from sheep with and without lesions compatible with
CL.

On a global level, studies have used distinct molecular ap-
proaches of PCR in the diagnosis of C. pseudotuberculosis in
CL. In Turkey, 55.1% (81/147) of C. pseudotuberculosis were
isolated in enlarged mediastinal and prescapular lymph nodes
from carcasses of slaughtered sheep, whereas relative PCR (pld
gene) sensitivity and specificity to culturing were 98.8 and
92.4%, respectively [37]. In another study in Turkey, PCR
targeting the 16S rRNA gene detected C. pseudotuberculosis
in 96.9% (93/96) of lymph node samples, with microbiological
isolation of the microorganism [25]. This study identified 86
C. pseudotuberculosis isolates based on aerobic bacteriological
culturing and phenotypic procedures, and 74.4% (64/86)
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isolates were confirmed by multiplex PCR. These discrepancies
between microbiological identification and multiplex PCR
among CL cases may be attributed to the discriminatory
power of rpoB and pld genes, able to differentiate
C. pseudotuberculosis from other Corynebacterium spe-
cies, e.g., Corynebacterium ulcerans [1, 8, 25, 31].
Corynebacterium pseudotuberculosis and C. ulcerans
show similar morphotintorial aspects, as well as biochem-
ical and phenotypic properties, including a positive CAMP
test with standard Rhodococcus equi strains [31]. Herein,
amplification of multiple loci in a single PCR reaction is a
tool for the rapid and valuable speciation of bacterial path-
ogens, since our multiplex PCR targets the genes 16rRNA
and rpoB, which has been used for taxonomic and phylo-
genetic studies, and the p/d gene that encodes PLD exotox-
in related to the virulence of C. pseudotuberculosis [17].

No speciation by MALDI-TOF MS or other automatic sys-
tem diagnosis method of non-C. pseudotuberculosis isolates,
a convenient sampling of apparently healthy lymph nodes
(because of lack of studies with healthy lymph nodes of
slaughtered sheep in Brazil), and no investigation of patho-
gens from healthy peripheral lymph nodes may be considered
limitations of the current study.

The intracellular nature of C. pseudotuberculosis in
phagocytic cells, the environmental resistance of the or-
ganism, and the nonresponsive behavior of the pathogen
to conventional antimicrobials represent factors that pos-
sibly contribute to the chronic persistence of the disease
in herds and flocks, requiring the adoption of rigorous
biosecurity measures to prevent and control the disease
[5]. Thus, culling of diseased animals, disinfection of
shearing equipment and other instruments, removal of
hazards in the environment that may potentially cause
skin injuries, periodic clinical and laboratory examination
of suspected animals, quarantine of new animals prior to
introduction on the farms, vaccination, and/or establish-
ment of a veterinarian-owner-animal relationship are man-
datory to prevent and control LC in the herds [5, 10].

Overall, a 74.4% C. pseudotuberculosis was detected
by a multiplex PCR in peripheral lymph nodes of sheep
compatible with CL where the microorganism was also
identified by bacteriological methods. Also, other bacteria
were identified in CL-resembling nodes, which may limit
the routine diagnosis using conventional methods. The
multiplex PCR revealed a valuable and rapid molecular
assay to confirm C. pseudotuberculosis as a primary agent
of the disease. No mycobacteria were recovered from
lymph nodes sampled, with and without lesions.
Nonetheless, due to public health impacts, this pathogen
should be considered as a differential diagnosis of
C. pseudotuberculosis—induced infections during inspec-
tion procedures of slaughtered sheep intended for human
consumption.
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