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RESUMO.- [Avaliação patológica, microbiológica e molecular 
em amostras de tecidos de equídeos sorologicamente 
positivos para Burkholderia mallei no Centro-Oeste do 
Brasil.] Mormo é uma enfermidade causada pela bactéria 
Burkholderia mallei que acomete primariamente cavalos, mulas 

e burros. A doença pode causar lesões na pele, pulmões e em 
diversos outros órgãos, entretanto frequentemente manifesta-se 
como uma enfermidade assintomática. No Brasil são utilizados 
testes sorológicos de elevada sensibilidade e especificidade para 
auxiliar na detecção de anticorpos contra B. mallei e contribuir 
para controle da doença. Porém, devido à obrigatoriedade da 
eutanásia de animais sororeagentes, os equídeos com sorologia 
positiva para B. mallei e assintomáticos geraram grandes 
embates entre criadores, médicos-veterinários e laboratórios 
de diagnóstico. Este trabalho esclarece as limitações dos testes 
diagnósticos complementares para detecção de B. mallei 
e descreve os achados clínicos, morfológicos e de exames 
laboratoriais em 24 equídeos, procedentes de diferentes 
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Glanders is a disease caused by the bacterium Burkholderia mallei that primarily affects 
horses, mules and donkeys. The disease can cause lesions in the skin, lungs and several other 
organs. However, it often manifests as an asymptomatic disease. In Brazil, serological tests of 
high sensitivity and specificity are used to assist in the detection of antibodies against B. mallei 
and to contribute to the control of the disease. However, due to the mandatory euthanasia of 
seroreactive animals, equids with positive serology for B. mallei and asymptomatic generated 
great conflicts between breeders, veterinarians and diagnostic laboratories. This study clarifies 
the limitations of complementary diagnostic tests for detecting B. mallei. It describes the 
clinical, morphological and laboratory findings in 24 equines from different municipalities 
in the Mato Grosso State, Brazil, which reacted to the complement fixation test and were 
positive in the western blotting test for glanders. Data and tissue samples were collected 
from 24 horses for histological, microbiological and molecular analysis. In 23 horses, no 
clinical signs, morphological alterations, microbiological isolation, or molecular detection 
would characterize B. mallei infection. On the other hand, samples from an asymptomatic 
horse without lesional alterations showed sequence amplification compatible with B. mallei 
in the PCR. Considering that the infection by B. mallei is subject to the application of animal 
sanitary defense measures and that, by international requirement and national legislation, 
the serological results are tools that should support the sanitation procedures for the error 
of the bacteria in the Mato Grosso State, Brazil.
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municípios do estado de Mato Grosso, Brasil, que reagiram 
ao teste de fixação de complemento e foram positivos no teste 
de “western blotting” para mormo. Foram colhidos dados e 
amostras de tecidos de 24 equídeos para análise histológica, 
microbiológica e molecular. Em 23 equídeos não existiam sinais 
clínicos, alterações morfológicas, isolamento microbiológico 
ou detecção molecular que caracterizassem infecção por B. 
mallei. Por outro lado, amostras de um cavalo assintomático 
e sem alterações lesionais apresentaram amplificação de 
sequência compatível com B. mallei na PCR. Considerando que 
a infecção por B. mallei é passível da aplicação de medidas de 
defesa sanitária animal e que por exigência internacional e da 
legislação nacional, os resultados sorológicos são ferramentas 
que devem amparar os procedimentos de saneamento para 
erradicação da bactéria no estado de Mato Grosso, Brasil.

TERMOS DE INDEXAÇÃO: Burkholderia mallei, mormo, teste de 
fixação de complemento, equídeos, Brasil.

INTRODUCTION
Glanders is a bacterial zoonosis caused by Burkholderia 
mallei primarily affecting solipeds (Van Zandt et al. 2013). 
The disease is clinically characterized by nodular lesions on 
the skin (cutaneous form), mucous membranes or even in 
organs such as the lungs (Elschner et al. 2017). There is no 
vaccine available for glanders, and control requires testing 
suspected animals, screening clinically healthy equines, and 
eliminating those reactive to diagnostic tests (OIE 2018). An 
important differential diagnosis is melioidosis, a disease caused 
by the saprophytic microorganism Burkholderia pseudomallei 
(Limmathurotsakul et al. 2016).

Glanders is listed as a notifiable disease, and the diagnosis 
can be based on epidemiological, clinical, and lesional 
findings. It can be confirmed by serological, microbiological, 
and maleinization tests (Naureen et al. 2007) or molecular 
methods (Laroucau et al. 2021).

The “Ministério da Agricultura, Pecuária e Abastecimento” 
(Ministry of Agriculture, Livestock and Food Supply – MAPA) 
established the “Programa Nacional de Sanidade dos Equídeos” 
(National Equine Health Program – PNSE) to prevent, diagnose, 
control, and eradicate diseases that can harm equids (Brasil 
2008).

The epidemiological and clinical situation of glanders in 
Mato Grosso State is little known, and due to the economic 
and health impact that the outbreaks of the disease have 
throughout Brazil, there is a need to evaluate the results of 
diagnostic tests in the face of regional particularities. We 
report the clinical, pathological, microbiological, and molecular 
findings in 24 cases of seroreactive horses in the complement 
fixation (CF) and western blotting (WB) tests for glanders 
performed from 2015 to 2017 in Mato Grosso State, Brazil.

MATERIALS AND METHODS
The results of CF and WB performed routinely by veterinarians 
registered in the PNSE or official veterinarians from the “Instituto 
de Defesa Agropecuária do Estado de e Mato Grosso” (Institute of 
Agricultural Defense of the State of Mato Grosso – INDEA, MT) were 
made available for this research.

Equidae serum was collected by veterinarians and sent to accredited 
or official laboratories that issued the CF results performed by the 

cold method and followed the protocols of the national legislation 
at the time (Brasil 2004a, 2004b, INDEA 2014).

On the property where there was at least one Equidae with a result 
other than negative (positive, anticomplementary, or inconclusive) 
CF, the serum of this animal was collected by official veterinarians 
from INDEA. Samples were also collected from all other equids older 
than six months on the property to perform CF and WB in the Official 
Laboratory (Brasil 2004b, 2018a). WB was only performed on sera 
with a result other than negative for CF. Equidae with positive WB 
results was humanely euthanized by INDEA veterinarians.

To make a figure with the distribution of the outbreaks, we used 
Geographic Coordinate System Datum SIRGAS 2000 and Cartographic 
Bases’ IBGE (IBGE 2023).

Clinical and morphological evaluation. The preliminary 
assessment of the cases was carried out by the Laboratory of Veterinary 
Pathology of the “Universidade Federal do Mato Grosso” (LPV-UFMT). 

Histological evaluation. Fragments of organs were collected during 
the necropsy of each case. All fragments were fixed in 10% formalin 
and processed routinely, embedded in paraffin, cut to 5μm, stained with 
hematoxylin and eosin and evaluated microscopically at the LPV-UFMT.

Microbiological analysis and techniques for the identification 
of Burkholderia mallei. Blood was collected from the jugular during 
the clinical examination, and fragments of nasal turbinates, lymph 
nodes, lung, liver, spleen and tracheal swabs collected during the 
necropsy were sent to the Veterinary Microbiology Laboratory (UFMT). 
Additionally, when cutaneous, pulmonary or other organs were 
present, their content was aseptically collected through aspiration 
puncture and submitted to microbiological examination. An aliquot 
of each sample was stored at negative 20°C for DNA extraction, and 
the remaining samples were cultured on 5% Sheep Blood Agar and 
Sabouraud Agar and incubated at 37°C for up to 72 hours. Colonies 
were subjected to Gram stain and routine biochemical tests for 
identification (Quinn et al. 1994, Silva et al. 2009). Compatible 
colonies were inoculated in 3mL of BHI Broth (Brain Heart Infusion) 
for growth at 37°C for 24 hours under agitation. The medium was 
centrifuged at 14,462G for 5 minutes, and the supernatant was 
discarded, leaving the precipitate that was used for DNA extraction.

DNA extraction and polymerase chain reaction (PCR). In 2mL 
microtubes, 1mL of lysis buffer (100mM NaCl, 25mM EDTA, 100mM 
Tris-HCl pH 8.0, 0.5% SDS, 0.1mg Proteinase K) was added, and the 
material to be extracted (0.025g for tissue fragments, swabs with 
the stems removed, 250µl of whole blood and precipitate from BHI 
broth) was kept at 56°C overnight. After lysis, the DNA was extracted 
according to the protocol described by Sambrook & Russell (2001) 
by the phenol and chloroform method. The DNA obtained was eluted 
in 30µl of Tris-HCl buffer and stored at -20°C until use. DNA quality 
and integrity were checked by 1,5% agarose gel electrophoresis. PCR 
consisted of 10ng of genomic DNA, 20µM of each oligonucleotide 
(Scholz et al. 2006), 2.5x 10x PCR buffer, 0.2mM dNTPs, 1U of Taq 
DNA Polymerase and ultrapure water q.s.p. final volume of 25µL. 
Amplification cycles were performed according to the adapted 
protocol of Scholz et al. (2006), generating a 989bp fragment. The 
mastermix in this study has been performed with the Eppendorf® 
brand, which is unavailable. Our solution was to adapt the reaction 
to achieve a similar limit of detection of two copies/reaction based 
on the dilution of genomic DNA (Scholz et al. 2006). In this case, our 
limit of detection was 2.3 copies/reaction. The PCR products were 
subjected to electrophoresis in a 1.0% agarose gel, stained with 
Gel Red™ (Biotium®) at 10V/cm and visualized in a ChemiDoc™ 
XRS photo documenter using Image Lab™ software. The molecular 
mass marker used was a 100bp ladder.
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RESULTS
From 2015 to 2017, the LPV-UFMT team followed seven 
outbreaks in six municipalities in Mato Grosso State, Brazil 
(Fig.1). Twenty-one horses and three mules were confirmed 
to be serologically positive for Burkholderia mallei (Table 1).

The total number of positive results in CF ranged from 
zero (Focus 7) to 42.30% (Focus 6); however, the results 
from Focus 2 and 4 were unavailable. Although in Focus 7 
there were no positives in CF, the focus had 46 sera with 
results other than negative (26 anticomplementary and 20 
inconclusive results) and subsequently submitted to WB, 
which resulted in positives in three sera. The total number of 
positive WB results ranged from 06.52% (Focus 7) to 58.82% 
(Focus 5) (Table 1).

Nineteen cases in Foci 1, 2, 3, 5 and 7 were euthanized 
and included in the study. In Focus 4, there were five cases 
of glanders, but one of the horses died spontaneously of an 
undetermined cause before the scheduled date for going to the 
focus and euthanizing the positive animals in WB; therefore, 
as it was not necropsied, this horse was excluded from the 
study. In Focus 6, only one case of the 15 equines positive in 
WB, which died spontaneously, was necropsied and included in 
the study. The rest of the horses in Focus 6 were not followed 
up on because the owners had no authorization.

All 24 cases had a good body score, there was no history 
of clinical alterations such as those described in glanders 
outbreaks, and the average age of the equines was three 
and a half years old. During the evaluation, all cases were 
clinically healthy; however, Case 13 presented a discrete 
translucent serous nasal secretion that was collected; however, 
no microbiological growth or PCR amplification of B. mallei 
was obtained from this material.

On postmortem inspection, lymph node enlargement was 
noted in eight horses (Table 2). Case 20 reddened the palatine 
tonsils, and Case 9 had moderate and diffuse hyperemia of 
the nasal turbinates. Case 21 died due to colic syndrome 
associated with gastric dilatation and was necropsied 6 
hours after death.

The period between equine blood collection for serological 
diagnosis through WB and necropsy ranged from 25 to 243 
days (Table 2). No history of a previous disease or clinical 
evolution resembled glanders in horses or mules after the 

Fig.1. Distribution of municipalities where equids were serologically 
positive for Burkholderia mallei in Mato Grosso State, Brazil.

complementary serological diagnosis. In the evaluations close 
to euthanasia, no significant changes were noted during the 
clinical examination or even during the necropsy.

In the histological examination, no lesions compatible 
with glanders were observed. The equine lymph node volume 
increase was related to mild lymphoid cell hyperplasia and 
mild or mild neutrophilic infiltrate. No other important 
microscopic changes were noted in the other organs analyzed.

There was no isolation of B. mallei from any of the samples 
collected. In case 21, from samples of the palatine tonsil, it 
was possible to amplify a sequence compatible with B. mallei 
in the PCR (Table 2).

DISCUSSION
This study reported no clinical signs or morphological 
alterations such as those described in glanders in equids. CF 
and WB were initially used to enable the movement of equines 
to participate in events with agglomeration or change of 
ownership. Malik et al. (2015) suggest that the poor economic 
situation of owners is an important risk factor that causes 
animal husbandry and welfare to be neglected. However, the 
foci monitored in Mato Grosso State were related to equines 
raised for effective and economic purposes with the sale of 
horses, participation in equestrian events, and leisure or 
occasional work helping to manage cattle. In addition, the 
horses’ history did not include intense daily work. 

It is often reported that pyogranulomatous lesions in the 
lung, lymph nodes, skin, or liver are found even in asymptomatic 
animals (Kettle & Wenery 2016), emphasizing that postmortem 
examination is an important complementary diagnostic tool 
for glanders. At that moment, samples can be collected where 
alterations suggestive of Burkholderia mallei infection are 
noticed, which are more specific for microbiological isolation 
and molecular tests.

No microbiological culture of B. mallei was obtained in 
the cases of this study, as well as no reports or descriptions 
about the isolation of the bacterium in samples collected from 
equines in Mato Grosso State, Brazil. Bacterial isolation and 
identifying B. mallei from skin lesions and nasal exudates 
are considered the gold standard for diagnosing glanders 
(Elschner et al. 2019). There is difficulty in cultivating the 
bacteria from equines seropositive for glanders, as the 
chronicity of the lesions causes few colonies of B. mallei to 
be found in the samples collected, and contamination of the 
samples by environmental bacteria and fungi can still occur 
(Malik et al. 2015, Elschner et al. 2021). However, even in 
cases where the clinical and lesional alterations of glanders are 
not so evident, an alternative to increasing knowledge about 
the disease situation in the region is to intensify the referral 
of samples of cases with reactive serology to glanders for 
isolation or molecular detection of B. mallei. This procedure 
would be essential to support and confirm the diagnosis and 
avoid intense technical and legal controversies in cases of 
asymptomatic horses.

Identifying microorganisms through molecular techniques 
is widely used because it characterizes specific fragments 
of the infectious agent, not just the antibody. Although PCR 
is important for confirming glanders in equids with clinical 
signs, the test is not appropriate for prevalence studies, as the 
sensitivity in clinical samples is not yet known (OIE 2018). 
Suppose the sample is taken from a part of the animal without 
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Table 1. Distribution of glanders serological tests performed in seven foci in municipalities in Mato Grosso State, Brazil

Focus Municipality of focus in 
Mato Grosso State Total sera sent to CF, and results obtained % CF positive 

sera in the focus
Total sera sent to WB, and results 

obtained
% WB positive 

sera in focus
1 Jangada 37 equines and 2 mules

Eq: anticomplementary CF: 1 serum
Eq: inconclusive CF: 3 sera

Eq: negative CF: 24 sera
Eq: positive CF: 9 sera

Mule: negative CF: 2 sera

23.07% 13 equines
Eq: positive WB: 1 serum
Eq: negative WB: 12 sera

7.69%

 2 Acorizal The number of reacting equines was not 
reported.

No information 6 horses and 1 mule
Eq: negative WB: 4 sera
Eq: positive WB: 2 sera

Mule: inconclusive WB: 1 serum

28.57%

3 Rondonópolis 16 equines and 10 mules
Eq: anticomplementary CF: 3 sera

Eq: negative CF: 10 sera
Eq: positive CF: 3 sera

Mule: inconclusive CF: 2
Mule: negative CF: 6 sera
Mule: positive CF: 2 sera

19.23% 6 equines and 4 mules
Eq: inconclusive WB: 3 sera

Eq: negative WB: 3 sera
Mule: inconclusive WB: 1 sera

Mule: positive WB: 3 sera

30%

4 Poconé The number of reacting equines was not 
reported.

No information 15 equines
Eq: negative WB: 10 sera
Eq: positive WB: 5 sera*

33.33%

5 Poconé 74 equines
Eq: negative CF: 57 sera
Eq: positive CF: 17 sera

22.97% 17 equines
Eq: inconclusive WB: 6 sera
Eq: negative WB: 1 serum
Eq: positive WB: 10 sera

58.82%

6 Cuiabá 49 equines and 3 mules
Eq: anticomplementary CF: 3 sera

Eq: negative CF: 22 sera
Eq: positive CF: 20 sera

Eq: inconclusive CF: 4 sera
Mule: positive CF: 2 sera

Mule: negative CF: 1 serum

42.30% 27 equines and 2 mules
Eq: inconclusive WB: 12 sera

Eq: negative WB: 2 sera
Eq: positive WB: 13 sera

Muar: Positive WB: 2 sera

44.82%

7 Nova Mutum 107 equines and 9 mules
Eq: anticomplementary CF: 21 sera

Eq: inconclusive CF: 16 sera
Eq: negative CF: 66 sera

Mule: anticomplementary CF: 5 sera
Mule: inconclusive CF: 4 sera

Mule: negative CF: 4 sera

00.00% 37 equines and 9 mules
Eq: negative WB: 34 sera
Eq: positive WB: 3 sera

Mule: negative WB: 9 sera

6.52%

Eq = equine, CF = complement fixation, WB = western blotting; * One of these equines-positive WB died on the property and was not necropsied.

B. mallei, the test will be negative (Elschner et al. 2017). For 
these reasons, a negative molecular result is not proof of 
the absence of B. mallei in the sample, and other diagnostic 
means must be applied for confirmation.

Several configurations have been designed for the molecular 
diagnosis of glanders, but there is still difficulty in choosing 
the appropriate gene to distinguish B. mallei and Burkholderia 
pseudomallei (Khan et al. 2013). A sequence known as IS407A 
disrupts the flagellar gene (fliP) that encodes flagellar P 
protein in B. mallei, rendering it immobile, and is present 
in all strains; however, it is not present in B. pseudomallei 
(Song et al. 2010). False-negative PCR results can occur in 
regions with new circulating strains of B. mallei or strains 
that have not been genetically identified. The importance of 
using PCR systems and serological systems for diagnosing 
glanders is highlighted when faced with situations such as 
this (Laroucau et al. 2021).

In samples collected from the palatine tonsil of an 
asymptomatic case of Focus 6, positive in CF and WB, who 
died due to colic syndrome associated with gastric dilatation, 
a compatible sequence of B. mallei was amplified in the PCR. 

This result can characterize the asymptomatic form that 
the disease can have, and the delay in euthanasia puts other 
animals and people at risk. It was not possible to evaluate 
the other horses in Focus 6, as those responsible took legal 
action, and there was an impediment to carrying out new 
tests to confirm the disease, in addition to the temporary 
suspension of euthanasia in cases of glanders in the focus. 
Despite the discussions about the zoonotic importance of 
the pathogen, with little epidemiological information, it is 
worth mentioning the existence of the infection in humans 
as reported in an 11-year-old boy, a horse caretaker, resident 
of the outskirts of Aracaju/SE (Brazil) who developed sepsis 
attributed to B. mallei (Santos Júnior et al. 2022). Given this 
situation, PCR has become an important method to complement 
the serological tests used in glanders control and eradication 
programs (Abreu et al. 2020).

Using serological tests for glanders diagnosis is the main 
challenge in Brazil (Abreu et al. 2020). Official tests include 
CF, WB, intrapalpebral maleinization (MI) and the enzyme 
immunosorbent assay (ELISA) (Brasil 2018a). The Mato Grosso 
State has the 6th largest troop in Brazil, with 283,480 horses 
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Table 2. Results of complementary exams of equines with positive serology for glanders in Mato Grosso State, Brazil

Case Focus Species Gender Age
(years)

Days interval between 
blood collection for 
WB and necropsy

Most important clinical and lesional findings CF WB Burkholderia 
mallei isolation

B. mallei 
PCR

1 1 Equine M 3 25 No alteration P P N N
2 2 Equine M 2 28 No alteration Un. P N N
3 2 Equine M 11 28 No alteration Un. P N N
4 3 Mule M 14 62 No alteration P P N N
5 3 Mule M 12 62 No alteration In. P N N
6 3 Mule M 12 62 No alteration P P N N
7 4 Equine M 4 243 Submandibular, retropharyngeal, and 

mesenteric lymph nodes slightly increased.
Un. P N N

8 4 Equine M 6 243 Prescapular and submandibular lymph 
nodes slightly increased.

Un. P N N

9 4 Equine M 6 243 Submandibular lymph nodes are slightly 
enlarged. Moderate and diffuse hyperemia of 

the nasal turbinates.

Un. P N N

10 4 Equine M 6 243 Submandibular lymph nodes are slightly 
enlarged.

Un. P N N

11 5 Equine M 2 136 Submandibular lymph nodes are slightly 
enlarged.

P P N N

12 5 Equine M 3 136 Submandibular lymph nodes are slightly 
enlarged.

P P N N

13 5 Equine F 8 136 Slightly enlarged prescapular and 
mesenteric lymph nodes.

Discrete translucent nasal secretion.

P P N N

14 5 Equine F 3 136 No alteration P P N N
15 5 Equine F 6 136 No alteration P P N N
16 5 Equine F 2 136 No alteration P P N N
17 5 Equine M 1 136 No alteration P P N N
18 5 Equine F 3 136 No alteration P P N N
19 5 Equine F 2 136 Enlarged mediastinal lymph nodes. P P N N
20 5 Equine M 2 136 Moderate reddening of the palatine tonsils. P P N N
21 6 Equine M 5 211 Gastric dilatation with compacted contents; 

nasal turbinates diffuse and intensely red.
P P N P

22 7 Equine M 3 99 No alteration P P N N
23 7 Equine F 3 99 No alteration P P N N
24 7 Equine F 2 99 No alteration P P N N

F = female, M = male, P = positive result, N = negative result, CF = complement fixation, WB = western blotting, PCR = polymerase chain reaction, Un. = 
uninformed, In. = inconclusive.

(IBGE 2017). Glanders was first reported in the Mato Grosso 
State in 2014 in the municipality of Vila Bela da Santíssima 
Trindade, with serological diagnosis based on CF (FAMATO 
2014). From 2014 to 2019, Mato Grosso State recorded 115 
cases, 18 in 2014, 69 in 2015, 11 in 2016, 16 in 2017, no in 
2018, and one in 2019 (MAPA 2021).

Positive results in screening and complementary tests for 
glanders in asymptomatic equines generated disagreements 
between technicians, breeders, and diagnostic and inspection 
networks during the study. However, ELISA was included in 
the PNSE in 2018 to overcome the disadvantages of CF. From 
2018 to 2020, both CF and ELISA can be used as screening 
tests, and since April 2020, ELISA has become the only 
screening test, and CF will be used for international transport 
(Brasil 2018a).

Different ELISA formats have been developed for the 
diagnosis of glanders. Indirect ELISA is a technique used in 
several countries. It has a sensitivity equivalent to or greater 
than CF, whereas ELISA with recombinant proteins has high 

sensitivity and specificity (Mota & Ribeiro 2015). Rocha et 
al. (2021) reported that a horse without clinical signs was 
diagnosed through indirect ELISA; later, the case started to 
show expectoration of mucopurulent secretion and edema 
of the hind limb, but even with suggestive signs of glanders 
and seropositivity in the indirect ELISA, the animal remained 
negative in the CF.

CF played an important role in the eradication of glanders 
in several countries, but there may be variation in sensitivity 
and specificity depending on the antigen and the methodology 
used to perform the test (Kettle & Wernery 2016); thus, 
inconsistent results may occur for confirmation of clinical 
cases and in prevalence studies and eradication programs 
(Fonseca-Rodríguez et al. 2019). On the other hand, WB is a 
specific technique capable of complementing CF (Elschner et 
al. 2011). However, further studies are still needed to clarify 
the importance and occurrence of other diseases that may 
cause cross-reactions in the tests used to diagnose glanders 
in Mato Grosso State, among them melioidosis. In regions 
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where melioidosis is endemic, these serological tests cannot 
differentiate between B. pseudomallei and B. mallei infection 
due to the close phylogenetic relationship between the bacteria 
(Elschner et al. 2019).

Glanders is a notifiable disease, and for the sanitation of 
the outbreaks, euthanasia of seropositive animals must be 
performed (Brasil 2018b). This can generate controversy with 
horse breeders, especially when it involves asymptomatic 
horses, so it is necessary to promote serological studies 
on the disease, expand the investigation into reasons for 
seroconversion in horses with positive serology for glanders, 
and encourage clinical and lesional evaluation by associating 
histological, microbiological and molecular tests to minimize 
economic losses in the equine production chain.

CONCLUSIONS
In 23 equines, there was no glanders characterization 

based on clinical and lesional inspection or microbiological, 
histological and molecular techniques. In one asymptomatic horse 
without morphological changes, there was PCR amplification 
of a sequence compatible with Burkholderia mallei. 

These findings show that the B. mallei positive serological 
reaction in the absence of characteristic clinical or lesional 
disease makes the subject sensitive to be addressed. 

Therefore, the use of techniques for diagnostic complementation 
must be intensified to strengthen the basis of action of the 
activities of the National Equine Health Program.
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por meio da técnica de fixação do complemento. Instrução Normativa 12 de 
29 de janeiro de 2004, Ministério da Agricultura Pecuária e Abastecimento 
(MAPA), Brasília, DF. Available at <https://www.gov.br/agricultura/pt-br/
assuntos/laboratorios/credenciamento-e-laboratorios-credenciados/
legislacao-metodos-credenciados/diagnostico-animal%20arquivos/
INSDA1229012004_MAPAMormoDOU.pdf/view> Accessed on Jun. 13, 2022.

Brasil 2004b. Aprova as normas para controle e erradicação do Mormo. 
Instrução Normativa 24 de 5 de abril de 2004, Ministério da Agricultura, 
Pecuária e Abastecimento (MAPA), Brasília, DF. Available at <https://
www.agricultura.rs.gov.br/upload/arquivos/201701/05142346-pese-
in-24-mormo.pdf> Accessed on Jun. 9, 2022.

Brasil 2008. Institui o Programa Nacional de Sanidade dos Equídeos – PNSE, 
no âmbito do Ministério da Agricultura, Pecuária e Abastecimento. Instrução 
Normativa 17 de 8 maio de 2008, Ministério da Agricultura, Pecuária e 
Abastecimento (MAPA), Brasília, DF. Available at <https://www.defesa.
agricultura.sp.gov.br/legislacoes/instrucao-normativa-mapa-n-17-de27-
demaio-de2009,1142.html> Accessed on May 10, 2022.

Brasil 2018a. Define os testes laboratoriais a serem empregados para o 
diagnóstico do mormo no território nacional. Portaria 35 de 17 de abril 
de 2018, Ministério da Agricultura, Pecuária e Abastecimento (MAPA), 
Brasília, DF. Available at <https://www.gov.br/agricultura/pt-br/
assuntos/laboratorios/credenciamento-e-laboratorios-credenciados/
legislacao-metodos-credenciados/diagnostico-animal%20arquivos/
Portaria35de17.04.2018Testeslaboratparamormo.pdf/view> Accessed 
on Jan. 29, 2021.

Brasil 2018b. Estabelece as diretrizes gerais para prevenção, controle e 
erradicação do mormo no território nacional. Instrução Normativa 6 de 16 
de janeiro de 2018, Ministério da Agricultura, Pecuária e Abastecimento 
(MAPA), Brasília, DF. Available at <https://www.in.gov.br/materia/-/
asset_publisher/Kujrw0TZC2Mb/content/id/1892934/do1-2018-01-17-
instrucao-normativa-n-6-de-16-de-janeiro-de-2018-1892930> Accessed 
on Jan. 29, 2021.

Elschner M.C, Laroucau K., Singha H., Tripathi B.N., Saqib M., Gardner I., Saini 
S., Kumar S., El-Adawy H., Melzer F., Khan I., Malik P., Sauter-Louis C. & 
Neubauer H. 2019. Evaluation of the comparative accuracy of the complement 
fixation test, Western blot and five enzyme-linked immunosorbent assays 
for serodiagnosis of glanders. PLoS One 14(4):e0214963. <https://dx.doi.
org/10.1371/journal.pone.0214963> <PMid:30951554>

Elschner M.C., Melzer F., Singha H., Muhammad S., Gardner I. & Neubauer H. 
2021. Validation of a commercial glanders ELISA as an alternative to the 
CFT in international trade of equidae. Front. Vet. Sci. 8:628389. <https://
dx.doi.org/10.3389/fvets.2021.628389> <PMid:33665218>

Elschner M.C., Neubauer H. & Sprague L.D. 2017. The resurrection of glanders 
in a new epidemiological scenario: a beneficiary of “global change”. Curr. Clin. 
Microbiol. Rep. 4:54-60. <https://dx.doi.org/10.1007/s40588-017-0058-6>

Elschner M.C., Scholz H.C., Melzer F., Saqib M., Marten P., Rassbach A., Dietzsch 
M., Schmoock G., Santana V.L.A., Souza M.M.A., Wernery R., Wernery U. & 
Neubauer H. 2011. Use of a Western blot technique for the serodignosis of 
glanders. BMC Vet. Res. 7:4. <https://dx.doi.org/10.1186/1746-6148-7-4> 
<PMid:21247488>

FAMATO 2014. Informativo Técnico. Federação da Agricultura e Pecuária do 
Estado de Mato Grosso, Cuiabá, MT. Available at <http://sistemafamato.
org.br/portal/famato/informativo_completo.php?id=238> Accessed on 
Nov. 25, 2021.

Fonseca-Rodríguez O., Pinheiro Júnior J.W. & Mota R.A. 2019. Spatiotemporal 
analysis of glanders in Brazil. J. Equine Vet. Sci. 78:14-19. <https://dx.doi.
org/10.1016/j.jevs.2019.03.216> <PMid:31203979>

IBGE 2017. Censo Agropecuário 2017. Instituto Brasileiro de Geografia 
e Estatística, Rio de Janeiro, RJ. Available at <https://censos.ibge.
gov.br/agro/2017/templates/censo_agro/resultadosagro/pecuaria.
html?localidade=0&tema=75665> Accessed on Feb. 1, 2022.

IBGE 2023. Centro de Análises IBGE. Instituto Brasileiro de Geografia e 
Estatística, Rio de Janeiro, RJ. Available at <https://www.ibge.gov.br/
geociencias/informacoes-sobre-posicionamento-geodesico/sirgas/16257-
centro-de-analise-ibge.html?=&t=acesso-ao-produto> Acessed on Feb. 
25, 2023.

INDEA 2014. Dispõe sobre as medidas de controle do Mormo, com aplicações 
de restrição e interdição do trânsito de equídeos em todo o Estado de Mato 
Grosso. Portaria 24 de 7 de maio de 2014, Instituto de Defesa Agropecuária 
do Estado de Mato Grosso (INDEA), Cuiabá, MT. Available at <http://www.
indea.mt.gov.br/-/portaria-n-024-de-7-de-maio-de-2014-referente-ao-
mormo> Accessed on Jun. 12, 2022.

Kettle A.N.B. & Wernery U. 2016. Glanders and the risk for its introduction 
through the international movement of horses. Equine Vet. J. 48(5):654-658. 
<https://dx.doi.org/10.1111/evj.12599> <PMid:27288893>

Khan I., Wieler L.H., Melzer F., Elschner M.C., Muhammad G., Ali S., Sprague L.D., 
Neubauer H. & Saqib M. 2013. Glanders in animals: a review on epidemiology, 
clinical presentation, diagnosis and countermeasures. Transbound. Emerg. 
Dis. 60(3):204-221. <https://dx.doi.org/10.1111/j.1865-1682.2012.01342.x> 
<PMid:22630609>

https://dx.doi.org/10.1016/j.vas.2020.100147
https://dx.doi.org/10.1016/j.vas.2020.100147
https://pubmed.ncbi.nlm.nih.gov/33089006
https://www.gov.br/agricultura/pt-br/assuntos/laboratorios/credenciamento-e-laboratorios-credenciados/legislacao-metodos-credenciados/diagnostico-animal%20arquivos/INSDA1229012004_MAPAMormoDOU.pdf/view
https://www.gov.br/agricultura/pt-br/assuntos/laboratorios/credenciamento-e-laboratorios-credenciados/legislacao-metodos-credenciados/diagnostico-animal%20arquivos/INSDA1229012004_MAPAMormoDOU.pdf/view
https://www.gov.br/agricultura/pt-br/assuntos/laboratorios/credenciamento-e-laboratorios-credenciados/legislacao-metodos-credenciados/diagnostico-animal%20arquivos/INSDA1229012004_MAPAMormoDOU.pdf/view
https://www.gov.br/agricultura/pt-br/assuntos/laboratorios/credenciamento-e-laboratorios-credenciados/legislacao-metodos-credenciados/diagnostico-animal%20arquivos/INSDA1229012004_MAPAMormoDOU.pdf/view
https://www.agricultura.rs.gov.br/upload/arquivos/201701/05142346-pese-in-24-mormo.pdf
https://www.agricultura.rs.gov.br/upload/arquivos/201701/05142346-pese-in-24-mormo.pdf
https://www.agricultura.rs.gov.br/upload/arquivos/201701/05142346-pese-in-24-mormo.pdf
https://www.defesa.agricultura.sp.gov.br/legislacoes/instrucao-normativa-mapa-n-17-de27-demaio-de2009,1142.html
https://www.defesa.agricultura.sp.gov.br/legislacoes/instrucao-normativa-mapa-n-17-de27-demaio-de2009,1142.html
https://www.defesa.agricultura.sp.gov.br/legislacoes/instrucao-normativa-mapa-n-17-de27-demaio-de2009,1142.html
https://www.gov.br/agricultura/pt-br/assuntos/laboratorios/credenciamento-e-laboratorios-credenciados/legislacao-metodos-credenciados/diagnostico-animal%20arquivos/Portaria35de17.04.2018Testeslaboratparamormo.pdf/view
https://www.gov.br/agricultura/pt-br/assuntos/laboratorios/credenciamento-e-laboratorios-credenciados/legislacao-metodos-credenciados/diagnostico-animal%20arquivos/Portaria35de17.04.2018Testeslaboratparamormo.pdf/view
https://www.gov.br/agricultura/pt-br/assuntos/laboratorios/credenciamento-e-laboratorios-credenciados/legislacao-metodos-credenciados/diagnostico-animal%20arquivos/Portaria35de17.04.2018Testeslaboratparamormo.pdf/view
https://www.gov.br/agricultura/pt-br/assuntos/laboratorios/credenciamento-e-laboratorios-credenciados/legislacao-metodos-credenciados/diagnostico-animal%20arquivos/Portaria35de17.04.2018Testeslaboratparamormo.pdf/view
https://www.in.gov.br/materia/-/asset_publisher/Kujrw0TZC2Mb/content/id/1892934/do1-2018-01-17-instrucao-normativa-n-6-de-16-de-janeiro-de-2018-1892930
https://www.in.gov.br/materia/-/asset_publisher/Kujrw0TZC2Mb/content/id/1892934/do1-2018-01-17-instrucao-normativa-n-6-de-16-de-janeiro-de-2018-1892930
https://www.in.gov.br/materia/-/asset_publisher/Kujrw0TZC2Mb/content/id/1892934/do1-2018-01-17-instrucao-normativa-n-6-de-16-de-janeiro-de-2018-1892930
https://dx.doi.org/10.1371/journal.pone.0214963
https://dx.doi.org/10.1371/journal.pone.0214963
https://pubmed.ncbi.nlm.nih.gov/30951554
https://dx.doi.org/10.3389/fvets.2021.628389
https://dx.doi.org/10.3389/fvets.2021.628389
https://pubmed.ncbi.nlm.nih.gov/33665218
https://dx.doi.org/10.1007/s40588-017-0058-6
https://dx.doi.org/10.1186/1746-6148-7-4
https://pubmed.ncbi.nlm.nih.gov/21247488
http://sistemafamato.org.br/portal/famato/informativo_completo.php?id=238
http://sistemafamato.org.br/portal/famato/informativo_completo.php?id=238
https://dx.doi.org/10.1016/j.jevs.2019.03.216
https://dx.doi.org/10.1016/j.jevs.2019.03.216
https://pubmed.ncbi.nlm.nih.gov/31203979
https://censos.ibge.gov.br/agro/2017/templates/censo_agro/resultadosagro/pecuaria.html?localidade=0&tema=75665
https://censos.ibge.gov.br/agro/2017/templates/censo_agro/resultadosagro/pecuaria.html?localidade=0&tema=75665
https://censos.ibge.gov.br/agro/2017/templates/censo_agro/resultadosagro/pecuaria.html?localidade=0&tema=75665
https://www.ibge.gov.br/geociencias/informacoes-sobre-posicionamento-geodesico/sirgas/16257-centro-de-analise-ibge.html?=&t=acesso-ao-produto
https://www.ibge.gov.br/geociencias/informacoes-sobre-posicionamento-geodesico/sirgas/16257-centro-de-analise-ibge.html?=&t=acesso-ao-produto
https://www.ibge.gov.br/geociencias/informacoes-sobre-posicionamento-geodesico/sirgas/16257-centro-de-analise-ibge.html?=&t=acesso-ao-produto
http://www.indea.mt.gov.br/-/portaria-n-024-de-7-de-maio-de-2014-referente-ao-mormo
http://www.indea.mt.gov.br/-/portaria-n-024-de-7-de-maio-de-2014-referente-ao-mormo
http://www.indea.mt.gov.br/-/portaria-n-024-de-7-de-maio-de-2014-referente-ao-mormo
https://dx.doi.org/10.1111/evj.12599
https://pubmed.ncbi.nlm.nih.gov/27288893
https://dx.doi.org/10.1111/j.1865-1682.2012.01342.x
https://pubmed.ncbi.nlm.nih.gov/22630609


7

Pesq. Vet. Bras. 43:e07172, 2023

Pathology, microbiology, and molecular evaluation of tissues from equids serologically positive for Burkholderia mallei in Midwestern Brazil

Laroucau K., Aaziz R., Vorimore F., Varghese K., Deshayes T., Bertin C., Delannoy 
S., Sami A.M., Al Batel M., El Shorbagy M., Almutawaa K.A.W., Alanezi S.J., 
Alazemi Y.S.N., Guernier-Cambert V. & Wernery U. 2021. A genetic variant 
of Burkholderia mallei detected in Kuwait: Consequences for the PCR 
diagnosis of glanders. Transbound. Emerg. Dis. 68(2):960-963. <https://
dx.doi.org/10.1111/tbed.13777> <PMid:33245616>

Limmathurotsakul D., Golding N., Dance D.A., Messina J.P., Pigott D.M., 
Moyes C.L., Rolim D.B., Bertherat E., Day N.P.J., Peacock S.J. & Hay S.I. 2016. 
Predicted global distribution of Burkholderia pseudomallei and burden of 
melioidosis. Nat. Microbiol. 1(1):15008. <https://dx.doi.org/10.1038/
nmicrobiol.2015.8> <PMid:26877885>

Malik P., Singha H., Goyal S.K., Khurana S.K., Tripathi B.N., Dutt A., Singh D., 
Sharma N. & Jain S. 2015. Incidence of Burkholderia mallei infection among 
indigenous equines in India. Vet. Rec. Open 2(2):e000129. <https://dx.doi.
org/10.1136/vetreco-2015-000129> <PMid:26457190>

MAPA 2021. Coordenação de Informação e Epidemiologia. Ministério da 
Agricultura, Pecuária e Abastecimento (MAPA), Brasília, DF. Available at 
<https://indicadores.agricultura.gov.br/saudeanimal/index.htm> Accessed 
on Nov. 25, 2021.

Mota R.A. & Ribeiro M.G. 2015. Mormo, p.423-435. In: Megid J., Ribeiro 
M.G. & Paes A.C. (Eds), Doenças Infecciosas em Animais de Produção e 
de Companhia. 1ª ed. Roca, Rio de Janeiro.

Naureen A., Saqib M., Muhammad G., Hussain M.H. & Asi M.N. 2007. Comparative 
evaluation of Rose Bengal plate agglutination test, mallein test, and some 
conventional serological tests for diagnosis of equine glanders. J. Vet. Diagn. 
Invest. 19(4):362-367. <https://dx.doi.org/10.1177/104063870701900404> 
<PMid:17609344>

OIE 2018. Chapter 2.5.11 – Glanders and Melioidosis. In: Ibid. (Eds), Terrestrial 
Manual. World Organisation for Animal Health, Paris. Available at <http://
www.oie.int/fileadmin/Home/eng/Health_standards/tahm/3.05.11_
GLANDERS.pdf.> Accessed on Nov. 25, 2021.

Quinn P.J., Carter M.E., Markey B. & Carter G.R. 1994. Clinical Veterinary 
Microbiology. Wolfe, London. 684p.

Rocha L.O., Lima L.A.R., Albuquerque R.M.S., Lages S.L.S., Nunes A.C.B.T., Castro 
R.S., Mota R.A., Silva K.P.C. & Falcão M.V.D. 2021. Monitoring the outbreak 
of equine glanders in Alagoas, Brazil: Clinical, immunological, molecular, 
and anatomopathological findings. Ciência Rural 51(12):e20200834. 
<https://dx.doi.org/10.1590/0103-8478cr20200834>

Sambrook J. & Russell D.W. 2001. Molecular Cloning: a laboratory manual. 
Vol.1. 3rd ed. Cold Spring Harbor Laboratory Press, New York. 2100p.

Santos Júnior E.L., Moura J.C.R., Protásio B.K.P.F., Parente V.A.S. & Veiga 
M.H.N.D. 2022. Repercussões clínicas da doença de mormo (infecção 
por Burkholderia mallei) em uma criança brasileira: um relato de caso. 
Braz. J. Infect. Dis. 26(Supl.1):101703. <https://dx.doi.org/10.1016/j.
bjid.2021.101723>

Scholz H.C., Joseph M., Tomaso H., Al Dahouk S., Witte A., Kinne J., Hagen R.M., 
Wernery R., Wernery U. & Neubauer H. 2006. Detection of the reemerging 
agent Burkholderia mallei in a recent outbreak of glanders in the United 
Arab Emirates by a newly developed fliP-based polymerase chain reaction 
assay. Diagn. Microbiol. Infect. Dis. 54(4):241-247. <https://dx.doi.
org/10.1016/j.diagmicrobio.2005.09.018> <PMid:16466896>

Silva K.P.C., Mota R.A., Cunha A.P., Silva L.B.G., Leal N.C., Cavalcante Y.V.N., 
Teles J.A.A, Pereira M.C.C. & Freitas N.S. 2009. Phenotypic and molecular 
characterization of Burkholderia mallei isolated in northeastern Brazil. 
Pesq. Vet. Bras. 29(5):439-444. <https://dx.doi.org/10.1590/S0100-
736X2009000500015>

Song H., Hwang J., Yi H., Ulrich R.L., Yu Y., Nierman W.C. & Kim H.S. 2010. 
The early stage of bacterial genome-reductive evolution in the host. Plos 
Pathog. 6(5):e1000922. <https://doi.org/10.1371/journal.ppat.1000922> 
<PMid:20523904>

Van Zandt K.E., Greer M.T. & Gelhaus H.C. 2013 Glanders: an overview of infection in 
humans. Orphanet J. Rare Dis. 8:131. <https://doi.org/10.1186/1750-1172-8-131> 
<PMid:24004906>

https://dx.doi.org/10.1111/tbed.13777
https://dx.doi.org/10.1111/tbed.13777
https://pubmed.ncbi.nlm.nih.gov/33245616
https://dx.doi.org/10.1038/nmicrobiol.2015.8
https://dx.doi.org/10.1038/nmicrobiol.2015.8
https://pubmed.ncbi.nlm.nih.gov/26877885
https://dx.doi.org/10.1136/vetreco-2015-000129
https://dx.doi.org/10.1136/vetreco-2015-000129
https://pubmed.ncbi.nlm.nih.gov/26457190
https://indicadores.agricultura.gov.br/saudeanimal/index.htm
https://dx.doi.org/10.1177/104063870701900404
https://pubmed.ncbi.nlm.nih.gov/17609344
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/3.05.11_GLANDERS.pdf
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/3.05.11_GLANDERS.pdf
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/3.05.11_GLANDERS.pdf
https://dx.doi.org/10.1590/0103-8478cr20200834
https://dx.doi.org/10.1016/j.bjid.2021.101723
https://dx.doi.org/10.1016/j.bjid.2021.101723
https://dx.doi.org/10.1016/j.diagmicrobio.2005.09.018
https://dx.doi.org/10.1016/j.diagmicrobio.2005.09.018
https://pubmed.ncbi.nlm.nih.gov/16466896
https://dx.doi.org/10.1590/S0100-736X2009000500015
https://dx.doi.org/10.1590/S0100-736X2009000500015
https://doi.org/10.1371/journal.ppat.1000922
https://pubmed.ncbi.nlm.nih.gov/20523904
https://doi.org/10.1186/1750-1172-8-131
https://pubmed.ncbi.nlm.nih.gov/24004906

