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Occurrence of caseous lymphadenitis in goats from
a slaughterhouse in the Brazilian Northeast

Ocorréncia de linfadenite caseosa em caprinos
provenientes de um abatedouro no Nordeste brasileiro
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ABSTRACT: Caseous lymphadenitis (CLA) is a chronic zoonosis that affects small ruminants globally. CLA is sometimes
characterized by its visceral form, which may be associated with late diagnosis during postmortem inspection only.
Alternatively, serological diagnosis could be used in the subclinical CLA cases detection due to its high sensitivity. Here, the
occurrence of CLA in goats slaughtered in Mossor6, Rio Grande do Norte (RN) state, Brazil, was determined and indirect
Enzyme Linked Immunosorbent Assay (ELISA) and microbiological culture methods were compared. Serum samples were
collected from 150 goats and used to perform indirect ELISA using a supernatant of Corynebacterium pseudotuberculosis as
an antigen. Goats were inspected after slaughter and fragments from internal organs suspicious of CLA were collected for
microbiological culture. Indirect ELISA detected anti-C. pseudotuberculosis antibodies in 11.33% (17/150) of goats, while C.
pseudotuberculosis was detected by microbiological culture in only 2% (3/150). The kappa index (i = 0. 275) presented a weak
agreement between ELISA and microbiological culture. In conclusion, despite the considerable proportion of CLA in goats
from a slaughterhouse in Mossor6-RN, there was low detection of C. pseudotuberculosis in microbiological culture, denoting
the higher sensitivity of ELISA. These facts could be associated with the long incubation period of C. pseudotuberculosis and
the early seroconversion of goats infected.
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RESUMO: A linfadenite caseosa (LC) ¢ uma zoonose cronica que afeta pequenos ruminantes em todo o mundo. A LC é por
vezes caracterizada pela sua forma visceral, que pode ser diagnosticada tardiamente apenas durante a inspecao post mortem.
Alternativamente, o diagnéstico sorolégico pode ser utilizado na detec¢io de casos subclinicos de LC devido 4 sua alta sensibi-
lidade. Neste trabalho, foi avaliada a ocorréncia de LC em caprinos abatidos em Mossord, Rio Grande do Norte (RN), Brasil
e comparados os métodos de imunoabsor¢io enzimdtica indireta (ELISA) e cultura microbiolégica. Amostras de soro foram
coletadas de 150 caprinos e utilizadas para realizagao de ELISA indireto utilizando sobrenadante de Corynebacterium pseudoru-
berculosis como antigeno. Os caprinos foram inspecionados apds o abate e fragmentos de 6rgos internos suspeitos de LC foram
coletados para cultura microbioldgica. O ELISA indireto detectou anticorpos contra C. pseudotuberculosis em 11,33% (17/150)
dos caprinos, enquanto C. pseudotuberculosis foi detectado por cultura microbiolégica em apenas 2% (3/150). O indice kappa
(k = 0,275) apresentou fraca concordancia entre ELISA e cultura microbiolégica. Conclui-se que apesar da considerdvel pro-
porgio considerdvel de LC detectado por ELISA em caprinos provenientes de um abatedouro de Mossor6-RN, houve baixa
detecgio de C. pseudotuberculosis em cultura microbiolégica, denotando a maior sensibilidade do ELISA. Esses fatos podem
estar associados ao longo periodo de incubacio de C. pseudotuberculosis e a soroconversio mais precoce dos caprinos infecta-
dos em relagio A formagio de granulomas.

PALAVRAS-CHAVE: Capra hircus; corynebacterium pseudotuberculosis; soroprevaléncia.
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Occurrence of caseous lymphadenitis in goats from a slaughterhouse in the Brazilian Northeast

INTRODUCTION

Ninety-four percent of Brazilian goats are in the Northeast
region, where the economic activity is characterized as sub-
sistence farming and serves local trade (Carvalho et al.,
2020). In 2018, Rio Grande do Norte (RN) state had the
sixth largest goat herd in the Northeast with 439,429 ani-
mals. Potiguar West, the region of RN where Mossoré city
is located, held 218,830 goats (approximately 50% of the
RN herd) (IBGE, 2018).

In this context, sanitary management tends to be poor
and some diseases such as caseous lymphadenitis (CLA)
are highly prevalent (Farias ez /., 2018). CLA is a chronic
granulomatous infectious that mainly affects sheep and
goats, characterized by two clinical forms that can coex-
ist: the superficial form of CLA with infection of external
lymph nodes (parotid, submandibular, pre-scapular, and
sub iliac); and the visceral form with abscessing of differ-
ent internal organs, for examples liver, lungs, uterus, kid-
neys, spleen, encephalon, and also internal lymph nodes
(Aftabuzzaman; Cho, 2021; Santarosa et al., 2014). In a
study conducted in Spain, from 147 culled sheep with
compatible CLA lesions, 107 presented the visceral clini-
cal form of the disease (72.79%), while only 32 animals
were affected by the superficial form (21.77%). In addi-
tion, eight animals were found to be affected by both the
visceral and the superficial presentations (5.44%) (Ruiz
et al., 2020).

As some infected animals do not develop exter-
nal lesions, the disease sometimes is only diagnosed on
post-mortem examination (Abebe; Sisay Tessema, 2015).
Abscesses in goats are suggestive of CLA and microbiologi-
cal analysis followed by biochemical assays is considered
the gold standard for diagnosis of CLA (Alves ez al., 2021).
On the other hand, serological tests, such as ELISA, are
an alternative for the detection of asymptomatic cases of
CLA (Rebougas er al., 2013), and thus, can act as impor-
tant instruments for ensuring CLA diagnosis and control
(Oreiby, 2015).

CLA is distributed globally and causes important eco-
nomic losses for ovine and caprine breeders due to body
wasting, subsequently reduced meat, wool, and milk yields
and segregation of affected animals, and condemnation of
affected carcasses and skins in abattoirs (Osman ez /., 2018).

Farias er al. (2018) found seropositive goats in 94.5%
(55/52) of examined farms in RN state, showing remark-
able dissemination of CLA. Furthermore, 33% (221/663)
of tested goats in the Brazilian Northeast were seropositive
for C. pseudotuberculosis. However, the prevalence of CLA in
animals slaughtered in RN is not known. This study aims to
determine the prevalence of CLA in goats from a slaughter-
house in Mossoré, RN, and to analyze the agreement between
indirect ELISA and microbiological culture in the identifica-
tion of C. pseudotuberculosis.

MATERIAL AND METHODS

Study Region

The study was conducted in a slaughterhouse of the Municipal
Inspection Service, located in Mossor6 city, Rio Grande do
Norte state, Brazil (lat 5° 117 177 S, long 37° 20° 39” W)).
This slaughterhouse receives bovine, ovine, and caprine spe-
cies from Mossoré and surrounding municipalities, including
some in the Ceard state.

Sample Animals, Blood Collections,
and Serum Characterization

All procedures involving animals were approved by the Ethics
Committee on the Use of Animals (CEUA) of the Federal
Rural University of the Semi-Arid under approval number
18/2018. The procedures were performed following those
established by the National Council for the Control of Animal
Experimentation (CONCEA).

To obtain the minimum number of animals to use in
this prevalence study, the formula for simple random sam-
pling described by Thrusfield (2007) was used. We consid-
ered the weekly media of 60 slaughtered goats, and the fol-
lowing parameters: maximum sampling error of 7.5% and
confidence level of 95%. Thus, 150 goat serum samples were
used as samples here and were collected between August and
September 2018.

Before blood collection, the goats were randomly selected,
and an ante-mortem examination was performed through
inspection and palpation of the main lymph nodes search-
ing for some skin scars or external lesions suggestive of CLA.
Additionally, data from goats regarding breed, age, gender,
and weight were taken. It was not possible to administer
questionnaires to the goat’s owners, since the animals were
left in the slaughterhouse throughout the week without any
programmed schedule.

Blood collection was performed through jugular venipunc-
ture and previous asepsis using 70 percent ethanol. The blood
samples were placed in identified sterile tubes without anti-
coagulants and put into isothermal boxes, and subsequently
transported to the Laboratory of Vaccinology and Applied
Immunology (LAVIA) for serum collection and storage at
-20 °C. After slaughter, the carcass was examined macroscopi-
cally aiming to identify the presence and position of internal
granulomas. Samples of purulent material from suspected
CLA lesions were collected for microbiological identification
(Rebougas et al., 2013).

Microbiological Analysis

Purulent samples were taken from abscesses suggestive of CLA
and cultured on Brain Heart Infusion (BHI) agar, at 37 °C
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for 48 h, for later confirmation through biochemical tests.
Colonies with a morphology similar to C. pseudotuberculosis
were grown in BHI broth under stirring at 140 rpm at 37 °C
for 48 h, and then a smear of the colonies with morphological
similarity to C. pseudotuberculosis was performed and stained
using Gram’s method. Cell morphology was evaluated using
an optical microscope (Tripathi; Sapra, 2022). Gram-positive
colonies were subjected to biochemical tests for maltose, glu-
cose, sucrose, urea, esculin, and nitrate according to the meth-

odology described by MacFaddin (2000).

Indirect Elisa

To determine the seroprevalence, an indirect ELISA using pro-
teins secreted from the 1002 strain of C. pseudotuberculosis as
an antigen was performed (Seyffert ez 4l., 2010). The antigen
was collected from the C. pseudotuberculosis culture superna-
tant after 48 hours in BHI broth. The antigen was diluted in
1:100 proportion using 0.5 M carbonate-bicarbonate buf-
fer (pH 9.6). Ninety-six-well plates (Nunc-Immuno Plate
Maxisorp) were adsorbed with 100 UL of the coating solu-
tion, following incubation for 18 h at 4 °C. Plates were washed
three times with 0.05% PBS-Tween (pH 7.6) (PBS-T) and
incubated for two hours at 37 °C with 200 uL per well of
blocking solution (PBS-T added to 5% skimmed milk pow-
der). A new three-step washing was performed and 50 uL
of the serum diluted in PBS-T (1:100) was added to each
well, followed by incubation for 1 hour at 37 °C. The plates
were washed and incubated with a peroxidase-labeled anti-
goat IgG (diluted in 1: 10,000 with PBS-T). After a five-step
washing, 50 UL/well of a chromogenic substrate (0.4 mg/mL
ortho-phenylenediamine dihydrochloride in citrate-phosphate
buffer containing 0.04% hydrogen peroxide at 30%, pH =
5.0) was added to each well, and the plate was incubated for
15 min in the dark at room temperature. The reactions were
stopped using a 5% sulfuric acid solution (25 pL/well) and
absorbance was taken at 492 nm using an ELISA spectro-
photometer. Each sample was evaluated in duplicate, using
appropriate positive and negative controls. Duplicates with
differences greater than 20% were repeated to confirm the
results. The cut-off point used was 0.35, with a specificity of
98.5% and a sensitivity of 93.5%.

Statistical Analysis

Real and apparent prevalence, confidence limits, and posi-
tive and negative predictive values were obtained using the
EpiTools epidemiological calculator (https://epitools.ausvet.
com.au/), which considers assay sensitivity and specificity,
total sampling, and the number of positive animals.

Due to the non-normality of the data, Fisher’s exact test
was performed to assess the correlation between the variables
sex, age, and seropositivity. To verify the influence of the sex

variable on seropositivity, odds ratio (probability ratio) and
Baptista—Pike were used. Statistical analyses were performed
using GraphPad Prism 8.0.1 software.

The assessment of agreement between microbiological
and serological tests was performed using the kappa index
(), also obtained using the GraphPad Prism 8.0.1 software.
The kappa index (x) follows the classification described by
Landis and Koch (1977): where 0 indicates no agreement;
0.1-0.39 = poor agreement; 0.4—0.59 = moderate agreement;
0.6-0.79 = substantial agreement; and 0.8—1.0 = almost per-
fect agreement.

RESULTS AND DISCUSSION

Sample Characterization

All goats assessed here had no defined racial pattern (SRD),
with an average age of 34.6 months, equivalent to 2.8 years.
From the 150 goats studied, 54.6% (82/150) of the sampled
animals were males, while 45.3% (68/150) were females.

Regarding ante-mortem and post-mortem examinations,
only a six-year-old female weighing 20 kg had an external
lesion in the parotid lymph node compatible with CLA, on
the other hand, 15 animals presented internal organs with
lesions suggestive of CLA. The goat with the highest num-
ber of lesions was a six-year-old female weighing 38 kg with
granulomas in the liver, kidneys, and lungs. Purulent exudate
and the fragments of organs from suspected goats were col-
lected for bacterial isolation.

Microbiological Characterization

Fifteen animals (10% of the sample) presented lesions sugges-
tive of CLA in their organs, and these were located mainly in
the lungs, liver, and kidneys. Cultivation in the BHI medium
provided bacterial growth in approximately 48 hours. In total,
48 colonies were stained with Gram, with only one Gram-
negative, and the remaining Gram-positive. The colonies on
a cream-to-orange coloration, dry, opaque, and concentrically
ringed, were submitted to biochemical tests (from six ani-
mals). After biochemical analysis, only three positive samples
for C. pseudotuberculosis coming from different animals were
identified. The colonies were derived from abscesses located
in the liver (for two goats) and in the lung (for one goat), as
shown in Figure 1.

Although considered the gold standard in the diagnosis
of CLA, the microbiological culture of the etiologic agent is
not practical, is time-consuming, and not always possible, as
the animal may be asymptomatic, without granulomas (Farias
et al., 2018). In addition, bacterial isolation and biochemical
characterization are laborious, and the presence of subclinical
cases can provide an opportunity for the spread of the disease
within and between herds (Yitagesu ez a/., 2020).
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Source: own authorship with Biorender.com.

Figure 1. The number of lesions and location of internal and
external lesions compatible with caseous lymphadenitis in
slaughtered goats. One goat had an external lesion compatible
with caseous lymphadenitis but was not positive for caseous
lymphadenitis in the microbiological analysis. Fifteen goats had
internal lesions compatible with caseous lymphadenitis, and
three of them had a positive result in the microbiological analysis.
One of these lesions was in the liver and two in the lungs.

Serological Tests

Indirect ELISA was capable of detecting anti-C. pseudotuber-
culosis antibodies in 11.33% of goats (17/150). Table 1 shows
the serological prevalence according to sex. A positive corre-
lation between female goats and seropositivity was observed
using Fisher’s exact test (p = 0.0002). Similar data were found
previously by Yitagesu ez al. (2020), where females showed a
greater risk of contamination than male goats. Additionally,
a previous study of slaughtered sheep showed a higher prev-
alence of CLA in females than in males (Issa er a/., 2021).

Despite the different distribution of goats between sex
and the higher sample number of males, the occurrence of
CLA was significantly higher in females. The odds ratio indi-
cated that females are 11.32 times more affected than males,
which can be explained by the longer permanence of females
in the herd than males and by the chronic features of CLA
(Al-Gaabary; Osman; Oreiby, 2009).

Moreover, most seropositive goats here had an age higher
than two years old (Table 2). Serological prevalence was numer-
ically higher in animals aged two years or over, nevertheless,
Fisher’s Exact Test showed no correlation between seroposi-
tivity and age (p = 0.0709).

Silva et al. (2020) described, in Pernambuco, that two-
year-old goats had a higher CLA prevalence. Farias ez al.
(2018) demonstrated a positive correlation between age and
seropositivity in sheep and goats, with older animals being
more stricken by CLA. Here, a low number of young animals
was seropositive, which may be related to the short time for
CLA exposure factors and long incubation period. CLA has
an incubation period of between two and four months, before
it may be detected clinically (Baird, 2003). Figure 2 shows
the distribution of seropositive goats concerning sex and age.

Microbiological prevalence (2%) was lower than sero-
logical prevalence (11.33%), indicating the higher sensitiv-
ity levels of ELISA. All goats positive in the microbiological

Table 1. Serological prevalence of slaughtered goats in Mossoré-
RN according to sex. Asterisks (*) in the same column indicate
statistical significance.

15* 68

Female 53 22.06% *
Male 80 2* 82 243%*

Table 2. Serological prevalence of slaughtered goats in Mossoro-
RN according to age. Asterisks (*) in the same column indicate
statistical significance.

<2 years 6L L 68 5.88%
> 2 years 69 13 82 15.85%

Figure 2. A. Distribution of seropositive goats by sex. B.
Distribution of seropositive goats by age. Error bars consider
mean and standard deviation.

culture were also positive in ELISA, however, 14 animals were
detected only in the ELISA test, which generated a kappa index
(€ = 0.275) with a weak agreement between serological and
microbiological tests (CI 95% = 0.026, 0.524). A previous
study performed by Nassar ez al. (2016) corroborates the low
sensitivity of the microbiological test. From 202 sheep with
lymph node enlargement slaughtered, Nassar ez a/. (2016)
identified 38 (34%) as C. pseudotuberculosis positive by micro-
biological culture, and 110 (54%) by PCR, which also gen-
erated a weak agreement (i = 0.193). The authors concluded
that molecular diagnosis is more efficient, reproducible, and
faster than microbiological culture.

The weak agreement between indirect ELISA and micro-
biological tests assessed in the present study may be attributed
to two main factors. First of all, in CLA, as previously men-
tioned, granulomas may take up to four months to appear
(Baird, 2003), on the other hand, goats infected with C.
pseudotuberculosis have early detectable IgG levels from days
6 to 11 post-infection (Paule ez al., 2003). Therefore, goats
detected by indirect ELISA but not by microbiological assays
could be in the early stages of infection. Another situation that
should be considered is the differential diagnosis. Nassar ez a/.
(2016) isolated from lesions similar to CLA granulomas
many other agents different from C. pseudotuberculosis, such
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as Staphylococcus sp., Bacillus sp., Enterobacteria, Pseudomonas
sp., Escherichia coli, Acinetobacter sp., Serratia marcescens,
Streptococcus sp., Citrobacter freundii, Klebsiella ozaeneae,
Actinomyces sp., Klebsiella pnewmoniae, Enterobacter gergoviae,
and non-fermenting Gram-negative bacilli. Additionally, in
our study, we did not perform microbiological tests aiming
to identify other microorganisms.

Here, the apparent prevalence was 11% (CI 95%: 7—-17%)
while the real prevalence considering sensitivity and specificity
parameters of indirect ELISA was 10% (CI 95%: 6-17%).
The predictive positive value was 88%, while the predictive
negative value was 99%, indicating that a negative result is
more reliable than a positive one (Akobeng, 2007). It is impor-
tant to highlight that ELISA is unable to distinguish positive
results between truly infected animals and previously exposed
animals like recovered or vaccinated animals (Pacheco et 4/,
2007; Williamson, 2001).

A previous study performed in the Brazilian Northeast
region found higher prevalence levels (approximately 30%)
in the field than we showed here for slaughtered goats (Farias
et al., 2018). In a study conducted in a slaughterhouse with
the Federal Inspection Service in Paraiba state, Brazil, 15.9%
(236/1,4606) of slaughtered sheep presented macroscopic lesions
similar to CLA. Bacteriological culture was performed and in
74.5% (43/51) of samples, C. pseudotuberculosis was isolated
(Souza et al., 2011). In another sheep slaughterhouse with the
Federal Inspection Service in Minas Gerais state, Brazil, 43.7%
of 805 slaughtered sheep were CLA-seropositive (Guimaries
et al., 2011).

However, it is important to mention that most sheep and
goat slaughters in the Brazilian Northeast are clandestine,
occurring without inspection of health standards in inappro-
priate places (Nogueira Filho; Figueiredo Jinior; Yamamoto,
2010). Therefore, we hypothesized that to avoid carcass con-
demnation, merchants choose only animals from better sanitary
conditions to be slaughtered under legal conditions with the
Municipal Meat Inspection Service, while those in poor health
condition could be illegally slaughtered. Additional studies in
this area might be conducted to assess the impact of clandes-
tine slaughter on food security.

CONCLUSION

Despite the seroprevalence of CLA for goats slaughtered in
Mossord, Rio Grande do Norte (11.33%) being below that
previously found in the Brazilian Northeast, clandestine
slaughter should be considered in sampling for future studies.
Additionally, indirect ELISA proved to be a faster and more
sensitive technique than microbiological culture for CLA diag-
nosis and should be considered especially in the detection of
subclinical cases, which represents a challenge to disease control.
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