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Abstract

Glanders is an infectious disease that causes serious damage to the equine production chain in countries where it occurs
endemically and poses a risk to public health. This study aimed to conduct an integrative review of the advances in the
knowledge of glanders in Brazil over the last three decades since its re-emergence. Documentary research was conducted
for the period between the years 2000 and 2022. SCOPUS and PUBMED databases were used to search for scientific arti-
cles, dissertations, and thesis, in addition to the Brazilian Digital Library of Thesis and Dissertations (BDTD). A total of
41 documents were retrieved, including 12 dissertations, five theses, and 24 scientific articles. The Federal Rural University
of Pernambuco (UFRPE) group provided a noteworthy amount of material on this topic (25 documents, four theses, three
dissertations, and 18 scientific articles). During this period, ten dissertations, one thesis, and six scientific articles published
by other groups in other states of the Federation were also identified. It was concluded that there was a significant number
of scientific publications with relevant data on the clinical, epidemiological, pathological, microbiological, serological, and
molecular characteristics of glanders disease in Brazil. Additionally, training of human resources regarding this disease led
to an increase in the nucleation of research groups, especially in the northeast region of Brazil. Despite significant advances,
new research groups and specific funding are still needed for the development of more accurate diagnostic methods, immu-
nizing production, training of veterinarians to recognize the disease, and more robust programs to control and eradicate the
disease in Brazil.
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Introduction In Brazil, this disease was introduced in 1811 through

the importation of infected horses from Europe [3]. After

History of re-emergence of glanders in Brazil

Glanders is an infectious zoonotic disease that mainly affects
Equidae. From a global perspective, it is still found in some
countries in Asia, Africa, the Middle East, and South Amer-
ica [1]. Between 2020 and 2022, cases were reported from
China, Iran, Nepal, and Turkey [1]. This disease is caused
by a bacterium called Burkholderia mallei and is clinically
characterized by fever, lymphangitis, skin nodules, cough,
and a purulent runny nose [2].
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its eradication from Brazil in 1968, new cases of the disease
were described in Equidae in 1999, in the states of Pernam-
buco and Alagoas, in northeastern Brazil.

The historical background of the re-emergence of glan-
ders in the country was obtained from clinical, epidemiolog-
ical, serological, and microbiological records that confirmed
the circulation of B. mallei in sugarcane mills in the states of
Pernambuco and Alagoas. The field and laboratory studies
were conducted under the leadership and coordination of
researcher Dr. Rinaldo Mota, professor in the Department
of Veterinary Medicine at the Federal Rural University of
Pernambuco (UFRPE). Professor Marilene de Farias Brito
from the Veterinary Institute of the Federal Rural University
of Rio de Janeiro (UFRR]J) also participated in the study.

The animals in the studied foci presented a clinical picture
of bronchopneumonia, purulent nasal secretions, nodulations,
and ulcers in the cutaneous lymphatic chain. After collecting
the secretions of cutaneous nodules (abscesses), it was possible
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to isolate a Gram-negative bacterium that was later confirmed
to be B. mallei by biochemical tests. Strauss’s test was also
performed on guinea pigs, in addition to anatomic-histopatho-
logical and serological tests for antibody research. Lesions
compatible with glanders and the presence of anti-B. mallei
antibodies were confirmed. After achieving bacterial isolation
and confirming the diagnosis, the disease was reported to the
Ministry of Agriculture, Livestock and Food Supply (MAPA)
of Brazil, and they, in turn, sent a technical team to evaluate
the impact of the disease in these states.

This study was conducted in sugarcane mills in the Mata
area of the states of Pernambuco and Alagoas, which had cases
of a respiratory and lymphatic disease in mules that worked
daily for traction of products from the sugarcane industry. The
main complaint of the owners of the animals was discharge of
nasal phlegm accompanied by ulcerated lesions on the skin, in
addition to weight loss and death. Treatment with antimicrobi-
als did not affect the clinical remission.

The team performed a thorough clinical examina-
tion of the animals and observed nodular lesions in the
nasal mucosa; they harvested purulent material from skin
abscesses by aspiration. This material was sent to the Labo-
ratory of Bacterioses of Domestic Animals of the UFRPE for
microbiological isolation. First, a blood agar culture medium
(non-selective) was used to isolate Gram-positive and Gram-
negative bacteria. After 48 h of incubation in aerobiosis at
37 °C, non-hemolytic whitish colonies similar to dew drops
were observed. Gram-negative bacteria were detected using
Gram’s technique. After performing a battery of biochemi-
cal tests, the causative bacterium was suspected to be of the
genus Burkholderia spp., hitherto unknown to Dr. Rinaldo
Mota of UFRPE.

Insisting on the possibility of it being a new Equidae dis-
ease, the researcher searched for information and conducted
a detailed survey on bacterial diseases of Equidae across
the world, even for those that were already considered to be
eradicated. In this bibliographic study, the researcher came
across information about glanders, one of the oldest diseases
of Equidae, which had a similar clinical and epidemiological
description to the current disease presentation in the animals.
The researcher then decided to perform other laboratory tests
such as Strauss’s test on male guinea pigs. The test results
revealed lesions and clinical findings compatible with B. mal-
lei infection. Professor Marilene de Farias Brito of UFRR]J
also simultaneously identified the bacterium and confirmed

that the histopathological findings were compatible with those
of glanders. Soon after, B. mallei infection was also confirmed
by serological tests, which, together with previous findings,
confirmed the re-emergence of glanders in Brazil.

The first article published in Brazil reporting the clini-
cal, epidemiological, pathological, and diagnostic aspects
of glanders in 2000 was a part of this ongoing study [4].
The authors concluded that urgent sanitary measures were
needed to prevent the spread of the bacterium to Equidae
from other states of the Federation. Research on the different
aspects of the disease began that year because, at that time,
we already had a scientific lapse of 30 years in the national
literature on glanders disease; that is, we did not have robust
information to support the control and eradication of the
disease. Since the notification of the disease, the country
has imposed international restrictions on the Equidae trade
as well as on the participation of animals in various events.
Altogether, we aim to present and discuss the advances in
knowledge regarding glanders in Equidae in Brazil.

Materials and methods

The proposed methodology is an integrative review of
glanders disease in Brazil between 2000 and 2022. For this
purpose, the SCOPUS and PUBMED databases were used
to search for scientific articles, and the Brazilian Digital
Library of Thesis and Dissertations (BDTD) was used to
search for dissertations and thesis. The combined terms used
to search the databases are listed in Table 1. The survey was
conducted on March 10, 2022.

The eligibility criterion adopted for the analysis was that
the articles, dissertations, and thesis were related to the glan-
ders theme, regardless of the type of study. For research on
scientific productions (articles, thesis, and dissertations) of
the group of the Federal Rural University of Pernambuco,
the aforementioned bases and curriculum lattes of the main
researcher (Rinaldo Aparecido Mota) were used. This last
tool was included only for the main researcher’s lattes to
retrieve important articles, dissertations, and theses on the
subject in question that were not indexed in the SCOPUS,
PUBMED, and BDTD databases, as they have a historical
value. The exclusion criteria were non-participation of Bra-
zilian researchers in the research and records with duplicates
in the databases (SCOPUS and PUBMED).

Table 1 Search strategy
performed in the SCOPUS,

Base Combined search terms

PUBMED, BDTD databases
on glanders between 2000 and
2022

SCOPUS
PUBMED

“Glanders” OR “muermo” OR “Burkholderia mallei” AND “Brazil” OR “Brasil”
(“Glanders”[All Fields]) AND (“brazil”’[All Fields]); ((“burkholderia mallei”’[ All

Fields])) AND (“brazil”’[All Fields])

BDTD

“Glanders” and “burkholderia mallei”;
“Glanders”
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For a better understanding and analysis of the evolution of
knowledge regarding glanders in Brazil, a two-part analysis
of the data was performed. First, we analyzed the results
of the research conducted by the Laboratory of Infectious
Diseases of Domestic Animals of UFRPE (they were the
pioneers in studying this disease in Brazil). Second, we ana-
lyzed the results of other research groups.

Results

The results of database search are shown in Table 2.

After the preliminary reading of the titles and abstracts
of the articles, dissertations, and theses retrieved from the
search databases, six articles from the SCOPUS database
and nine from the PUBMED database were excluded for
data duplication. A total of 41 documents were obtained,
including 12 dissertations, five theses, and 24 scientific arti-
cles. The UFRPE group contributed 25 documents, four the-
ses, three dissertations, and 18 scientific articles (Tables 3
and 4). During this period, nine dissertations, one thesis,
and six scientific articles published by other groups in other
states of the Federation were also identified (Table 5).

This thesis was retrieved from personal communication,
since there are no records in the databases.

The first publication on the re-emergence of glanders in
Brazil, in addition to the first dissertation and thesis, was
published by the research group of the Laboratory of Infec-
tious Diseases of Domestic Animals of UFRPE, a pioneer
in the study of this disease in Brazil. The timeline of the
records of the study is shown in Fig. 1.

Discussion

In the 22 years since the evidence of the re-emergence of
glanders in Brazil, preceded by approximately 30 years of
probable eradication of the disease, several scientific studies
and training of human resources regarding this disease were
conducted. It is important to highlight that after the MAPA
was notified about this disease, specific legislation on the
disease was published and included in the National Program

of Equidae Health, which contains guidelines to prevent,
control, or eradicate diseases of Equidae. This normative
instruction was updated and published by MAPA on January
16,2018 [44].

To facilitate understanding, we hereby present a discus-
sion on topics according to the historical evolution of the
studies conducted by the UFRPE group led by Dr. Rinaldo
Mota and other research groups in the country. Furthermore,
we present the clinical, epidemiological, and pathological
advances (experimental models). In addition, we also pre-
sent the microbiological, molecular, and serological diagno-
sis, as well as future reflections for the advancement in the
study of glanders disease in Brazil.

Advances in clinical, epidemiological,
and pathological studies

Research on the clinical and epidemiological indicators of
glanders was not initiated in Brazil. When the disease re-
emerged, previous reports had already demonstrated the
signs and some epidemiological indicators of glanders in
Equidae. However, with the performance of new research,
we have made significant advances in the study of the dis-
ease after its re-emergence [4].

Initially, the first thesis of the UFRPE research group was
presented in 2003 in the Graduate Program in Veterinary
Medicine of UFRPE. The central objective was to describe
the frequencies of the clinical findings of glanders in mules
working in sugarcane mills in the state of Pernambuco, Bra-
zil. This study contributed in describing the clinical indica-
tors at different stages of the disease. It also contributed to
the differential diagnosis of respiratory and lymphatic dis-
eases in Equidae in Brazil. In this study, lesions and clinical
signs were restricted to the skin, respiratory, and lymphatic
systems. From its re-emergence, glanders was considered
as a prominent disease in the country. Furthermore, on con-
clusive diagnosis, the affected animals were euthanized [7].

Veterinarians working in the field and in the Animal Health
Defense service also benefited greatly from this research. Until
now, they did not have enough information about the clinical
presentation of glanders disease in order to clinically diag-
nose suspected cases. The studies also allowed us to make

Table 2 Results of the search of

Base Article Dissertation Thesis
SCOPUS, PUBMED, BDTD,
and UFRPE* databases on Recovered Included Recovered Included Recovered Included
glanders disease

SCOPUS 22 16

PUBMED 10 1

BDTD 26 10

Lattes* 18 7 3 2

Total 50 24 29 12 8 5

*Researcher (Rinaldo Aparecido Mota).
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Advances

Title

Author

production

Table 3 Main advances in the study of glanders from the presentation of theses and dissertations by the UFRPE group

Year Type of intellectual

@ Springer

First biochemical and molecular identification of Burkholderia mallei

Tipagem molecular de amostras de Burkholderia mallei isoladas de

Silva [5]

2003 Dissertation

isolates in Brazil

equideos com mormo por Ribotipagem-PCR

-First study on the experimental model of Burkholderia mallei infection in

Estudo da infec¢do experimental em cobaias (Cavia porcellus) pela

Silva [6]

2003 Thesis

guinea pigs (Strauss test)

Burkholderia mallei

-First clinical study and clinical pathology in mules naturally infected by

de

imico sérico

muares naturalmente infectados pela Burkholderia mallei

Estudo epidemioldgico, clinico, hematoldgico e bioqu

Rabelo [7]

2003 Thesis

Burkholderia mallei

Production and evaluation of national malein as an alternative for the diag-

Producao e avaliag@o da proteina derivada (PPD) de Burkholderia mallei

Silva [16]

2010 Thesis

nosis and control of Glanders in Brazil

para o diagnéstico imuno-alérgico do mormo em equideos

Standardization of an indirect ELISA as a Glanders diagnostic tool

Desenvolvimento e avaliacdo de um teste ELISA Indireto para o diagndstico

Teles [20]

2012 Dissertation

sorolégico do mormo em equideos

Genetic characterization B. mallei isolates obtained from Glanders Equidae

Caracterizag¢do molecular e estudo do genoma de Burkholderia mallei

Falcido [43]

2021 Thesis

in the states of Pernambuco and Alagoas

isoladas de equideos nos estados de Pernambuco e Alagoas, Brasil

do Mormo First study on the identification and understanding of factors associated with

a ocorréncia

Identificagdo dos fatores de manejo associados

Carvalho

2022 Dissertation

the occurrence of Glanders in Brazil

em equideos, no Nordeste do Brasil

[41]

photographic records (Fig. 2) of the main clinical findings that
were extensively used by the authors for disseminating dis-
ease information as teaching material for undergraduate and
graduate students in Brazilian universities and other countries.
Moreover, it was also used in health defense training in the
states of the Federation to identify the disease [4].

The UFRPE team also performed an epidemiological study
of the disease, where a low prevalence and high lethality for
Equidae (nearly 100%) was observed in positive transit animals.
Additionally, they noticed differences in clinical manifestation, the
intensity of symptoms, and forms of presentation between each
of the studied species (horses, mules, and donkeys), with mules
and donkeys having greater susceptibility. Some aspects of the
chain of transmission of bacteria in herds were also defined. The
disease was characterized as more frequent in animals that were
elderly, stabled, or submitted to intensive and/or semi-extensive
management, who share food and water in collective troughs and
are subjected to inadequate hygienic-sanitary management [4].

In 2003, another thesis in the area of pathology was pre-
sented in the Graduate Program in Veterinary Medicine at
UFRPE, which dealt with the intraperitoneal inoculation of dif-
ferent field isolates of B. mallei in guinea pigs (Strauss’s test). In
this study, the clinicopathological response pattern was defined
for different field isolates of B. mallei, in addition to a detailed
study of the hematological response of inoculated animals. The
pattern of macro- and microscopic lesions revealed differences
in the intensity of the response of the animals according to the
different bacterial isolates. Moreover, an experimental infection
model was established in guinea pigs that contributed to other
studies related to the diagnosis of the disease [6].

In 2019, we published a study on space—time analysis of
the disease in the country with data from the registration of
glanders outbreaks obtained from the World Organization of
Animal Health [37]. More recently, in 2022, a dissertation
presented in the Graduate Program in Animal Bioscience
of UFRPE specifically focused on the study of management
factors associated with the occurrence of glanders in Bra-
zil. Variables associated with glanders were identified: the
objective of use of the animal (for example: trade, sport, or
farm work), lack of information on the forms of transmission
of the bacterium, non-periodic examinations for the diagno-
sis of glanders, requirement of negative test results on the
purchase of horses, and use of the extensive rearing system
at the lowest frequency of cleaning of the bays. The results
should assist in the implementation of management meas-
ures that minimize the risk of transmission of the bacterium
and reduce cases of the disease in the region [41].

Advances in microbiological, molecular,
and serological diagnosis

The beginning of microbiological research involving B. mal-
lei preceded the diagnosis of glanders re-emergence in 2000,



2277

Brazilian Journal of Microbiology (2022) 53:2273-2285

seo3e[y pue 0oNqUEBUIdJ JO SIIBIS oY) Ul

(L10T-¥107) I'ze1g

Qepinbyg s19puB[D) WOI pauILIqo SAIB[OSI 19]]DUd “g UOTIBZLISIORIRYD JI)OUSD) WOl POJR[OSI SUTR)S 12]]DUl DIIIPJOYYANG JO UOTIRZIISORIRYD JE[NOJ[OIA] [z4] Te @ ogored 7202
s3urpuy [esr3ojoyjedowojeue pue ‘IR[NO[OW ‘[RIISO[OUNTUITT

SNOOJ 9SBASIP € UI SISIOY JO SULIOJIUOW JB[NIS[OW PUE [BIISO[0IAS ‘[BOIUI]D) ‘[eorur(o :[izerg ‘seoSe[y ul sIopueln) aurnba Jo yea1qino oY) SULIOIIUOA [0¥] Te @ eyooy 120C

[1Zelg Ul 150§ SIOpPURLD) JO UONNQINSIP Ay} Jo sisA[eue [eorSojorwaprdg [1ze1g ul s19pue[n) jo sisAeuy [eiodwejoneds [£¢] e 10 zonSHpoy-eoasuo 10T
[1Zelg U SI9pue[D) [1Ze1g Wolj SesIoy SnoIop

UM SOSIOY UT UTens ()] ASYIn} 127]pul LIap]oyy4ng JO UOTIenSI3aI IsI]  -ue[3 wolj SuneuISiio urens (] AONIN, 12]]pul DLIIP]OYYANG JO PIOI ISIT] [¥€] Te 10 0BOTRd 6T0T
[IZexg Ur SISPUR[D) JO [ONIUOD PUE SISOU aepmba ur s1op

-Se1p oy} JOJ SAIIRUIS)[E UE SE UIS[EW [BUOTIBU JO UOIIBN[BA PUEB UOONPOIJ- -ue[O Jo sisougerp 10j urrew-dd jo uoneoyrnd renied pue uononpoig [92] ‘Te @ eAlIS 10T
[1Zelg Ul SIOpUR[L) JO [OIUOD PUE SISOUILIP so[nuI ur s1opue[n) Jursouderp

Q) J0J QATJEUIO)[E UE SE BUIS[[BW [BUOIIRU B JO UOIBN[BAD PUE UOIONPOIJ  J0j [1zelg ul paonpoid ure[ew-qdd oY} JO SSOUSATIOND Y} JO JUSWSSISSY [¥2] Te @ eAllS €10T
qepinbe ur s1opueln) jo sisouderp

[001 onsougeIp SISPUBLD) © St ST 102IIpUl UB JO UONBZIPIEPUR)S [e9130]019s 3y} I0J 1591 VST TH 199IIpUl Uk JO Uonen[eas pue juswdoaas [€2] ‘Te @ S9RL 210T
[1zeig ur 110da1 ased

sKkevuop ur s1epue[s) Jo sSurpuy [eorSojoyiedoisty pue [OIUI[d JO PIOJAI ISIT] © :[1Zelg ‘00NqUIBUId] JO 9)1S oY) Ul (Snuisp snnbz) SKUOp Ul SIopue[D) [811°Te @ BIOIN 010T
[1zeig ur sa1v] [1Ze1g UIISEAY)IOU Ul PAIB[OST

-0S1 12]]put DLI2PJOYYANg JO UOTIBOYTUSPI JB[NIS[OW PUE [EJTWAYI0L] ISIL]  S27duips 12]1pw v11ap]oYyyAng JO UOTRZII)ORIRYD Je[ndojow pue didKjousyq [S1] Te 1 eAllS 600C
saroads -dds “dds vriapjoyying pue ‘12)puwiopnasd vriapjoyying

DLIIPIOYYANG JO UOTIRIIUQISHIP I0J Aesse Te[nodjow pidel e Jo juswdo[ead(q  ‘12]jput vriapjoyying JO UONIBOYTUIPI PUEB UONOA)IP PIseq-ABIIeoIonu YN [#1] ‘Te 30 ooowyds 00T
sS1d eoumng sepinba S19pUR[D) JO $211]0SI PJaY 12]]DUL D1LIPIOYYING YIIM PaID]

Ul 40103ful 12]]pul P1IAPJOYYING JO [9pOW [eJudWILIAXS UB JO JUdWYSI[qeIsy  -nooul Apjusuiriadxa (snjjaatod vian)) s3id eouing ur suoneId)[e [esrur)) [€1] TR 19 ®IOIN 800T

12wl vLIAPIOY
-yng YIm pojdoJul A[[einjeu so[nul ur weidourd)ord wnies uo Apnis ISIL]  12]jpul vliapjoyying dY) Aq pooojul A[[eInjeu S9N Ul WeiSoure)old wnidg [21] Te@®ION  L00T
127U DL

-apjoyyAng YIIm PIJOSJUL AJ[RINJBU SI[NW UI SIOJBIIPUI [BITUI[O UO APNIS ISIL] 121wt DLIPJOYY4Ng KQq PAIOAJUI A[[eINIRU SI[NW UI SIOJRIIPUI [BITUI[D) [T1] T3 012qBY 9007

SISPUBLD) Ay} JO UOIBUIWIASSIP OYIIUAIIS 10§ 11oddns se maraar aInjerar| s1apue[D) Jo s1oadse [eorurpo pue [eorSojorwepids ‘eorSojong [21®10IN 900T
[1Ze1g Jo uoIal uId
§2Ipjost  -)SeaY}Iou JY) Wolj depinbe woiy paje[ost sojdwes 1277vus viIdPIOYYING JO

p12y 12)jput v11apjoyyang jo Apnis ogoid AyAnisuas [erqorotwmue IS  o[yoid AJATIISUSS [BIOIDTWIIUE ONIA UT PUEB UOTIBZLIS}ORIRYD [BOTWAYI0TY [01] TR BIOIN S00T
1ojjput vripjOYYINg 12]pwt vLaploYing

UM Pajoagul A[[eInjeu so[nwu Jo Apn3s [eOIWIAYI0Iq PUB [BIIS0[0JeUIdY ISIT] £q poyoojur AJ[eInjeu S9[nUI Ur s30adse [edTWayd01Iq pue [ed130[0jeWol [6]'Te 30 O12q®Y 00T
aepinba ur s1opue[D) Jo sisouderp

SIOpUELD) JO SISOuSeIp [BOIS0[0IqOIOTW Y} UT JUSWAOIdWI pue JUSWIUBAPY  [BJ1SO0[0IqOIdIW UO SUOISI Aemire 1oddn woiy peje[ost eL1a)oeq JO dduanyuy [8]Te 19 BIOIN  $00T

[1Zelg Ul SIOPURLL) JO 9OUASIOWD-AI 3Y) JO PI0IDI ISIL] seoSe[y pue 0onquUIBUIoJ JO SOJe)S AY) Ul depinba ur s1opuen [#] Te @ ®I0N  000T

SOOUBAPY L oymny  Iesx

dnoa3 g 2y Aq paystjqnd S9[onIE SYNUILDS Y} UO PIseq SIAPUeR[S Jo Apnis Ay UI SIOUBAPE UIRIN  3|qel

pringer

a's



2278

Brazilian Journal of Microbiology (2022) 53:2273-2285

Table 5 Results of research conducted in the SCOPUS, PUBMED, BDTD databases between 2000 and 2022

Type of intellectual Author

production

Institutions

Year

Title

Article

Thesis*

Dissertation

Thesis

Thesis

Article

Article

Article

Article

Article

Article

Article

Article

Article

Thesis

Dissertation

Article

Article

Dissertation

Dissertation

Dissertation

Mota et al. [4]

Santos

Silva [5]

Silva [6]

Rabelo [7]

Mota et al. [8]

Rabelo et al. [9]

Mota et al. [10]

Mota [2]

Rabelo et al. [11]

Mota et al. [12]

Mota et al. [13]

Schmoock et al. [14]

Silva et al. [15]

Silva [16]

Moraes [17]

Mota et al. [18]

Carvalho Filho et al. [19]

Teles [20]

Carvalho Filho [21]

Souza [22]

UFRPE

UFMG

UFRPE

UFRPE

UFRPE

UFRPE

UFRPE

UFRPE

UFRPE

UFRPE

UFRPE

UFRPE

Friedrich-Loeffler-Institut

UFRPE

UFRPE

UNB

UFRPE

UFMG

UFRPE

UFMG

UFRPE

2000

2002

2003

2003

2003

2004

2004

2005

2006

2006

2007

2008

2009

2009

2010

2011

2010

2012

2012

2012

2012

Glanders in equidae in the states of Pernambuco and
Alagoas

Aspectos clinicos, morfolégicos e imunohistoquimico
do Mormo em equideos naturalmente infectados pela
Burkholderia mallei

Tipagem molecular de amostras de Burkholderia mal-
lei isoladas de equideos com mormo por Riboti-
pagem-PCR

Estudo da infec¢ao experimental em cobaias (Cavia
porcellus) pela Burkholderia mallei

Estudo epidemiolégico, clinico, hematoldgico e
bioquimico sérico de muares naturalmente infectados
pela Burkholderia mallei

Influence of bacteria isolated from upper airway
lesions on microbiological diagnosis of Glanders in
equidae

Hematological and biochemical aspects in mules natu-
rally infected by Burkholderia mallei

Biochemical characterization and in vitro antimicrobial
sensitivity profile of Burkholderia mallei samples
isolated from equidae from the northeastern region
of Brazil

Etiological, epidemiological and clinical aspects of
Glanders

Clinical indicators in mules naturally infected by
Burkholderia mallei

Serum Proteinogram in mules naturally infected by the
Burkholderia mallei

Clinical alterations in guinea pigs (Cavia porcellus)
experimentally inoculated with Burhkolderia mallei
field isolates of Glanders equidae

DNA microarray-based detection and identification
of Burkholderia mallei, Burkholderia pseudomallei,
and Burkholderia spp.

Phenotypic and molecular characterization of Bur-
kholderia mallei samples isolated in northeastern
Brazil

Produc@o e avaliagdo da proteina derivada (PPD) de
Burkholderia mallei para o diagndstico imuno-alér-
gico do mormo em equideos

Prevaléncia de mormo e anemia infecciosa equina em
equideos de tragdo do Distrito Federal

Glanders in donkeys (Equus asinus) in the state of
Pernambuco, Brazil: a case report

Development and validation of a method for purifi-
cation of mallein for the diagnosis of Glanders in
equines

Desenvolvimento e avaliacdo de um teste ELISA
Indireto para o diagnéstico sorolégico do mormo em
equideos

Desenvolvimento e avaliagdo de um novo método para
producio de maleina para diagnéstico de mormo

Diagndstico do mormo através da técnica de fixacdo
do complemento utilizando-se diferentes antigenos e
métodos de incubagio
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Table 5 (continued)

Type of intellectual Author Institutions Year Title

production

Article Teles et al. [23] UFRPE 2012 Development and evaluation of an indirect ELISA test
for the serological diagnosis of Glanders in equidae

Article Silva et al. [24] UFRPE 2013 Assessment of the effectiveness of the PPD-mallein
produced in Brazil for diagnosing Glanders in mules

Dissertation Silva [25] UFRPE 2014 Avaliagdo da reagdo em cadeia de polimerase (PCR)
e ELISA indireto como método de diagndstico da
Burkholderia mallei (Mormo)

Article Silva et al. [26] UFRPE 2014 Production and partial purification of PPD-malein for
diagnosis of Glanders in equidae

Dissertation Oliveira [27] UFPR 2016 Desenvolvimento e padronizacgdo de teste para diag-
ndstico de mormo por soroaglutinacéo em placa

Article Girault et al. [28] Paris-Est University 2017 First draft genome for a Burkholderia mallei isolate
originating from a glanderous mule from Brazil

Dissertation Gouveia Filho [29] UFRPE 2017 Desempenho da fixagdo do complemento para
diagnéstico do mormo utilizando antigeno de cepas
brasileiras de Burkholderia mallei

Article Laroucau et al. [30] Paris-Est University 2018 First molecular characterisation of a Brazilian Burk-
holderia mallei strain isolated from a mule in 2016

Dissertation Rosado [31] UFPB 2018 Caracterizacdo epidemioldgica do mormo em
equideos no Estado da Paraiba com base em dados
secundarios

Dissertation Rocha [32] UFAL 2018 Infeccdo por Burkholderia mallei em equideos e
cobaios (Cavia porcellus): avaliagdo da resposta
humoral e estudo clinico

Thesis Silva [33] UFRPE 2018 Avaliagdo do diagnéstico do mormo

Article Falcdo et al. [34] UFRPE 2019 First record of Burkholderia mallei Turkey 10 strain
originating from glanderous horses from Brazil

Dissertation Silva [35] uSp 2019 Gerenciamento por processos de negdcios na gestao e
no controle epidemiolégico do Mormo no Brasil

Article Cérdenas et al. [36] College of Veterinary Medicine, 2019 Burkholderia mallei: The dynamics of networks and

Raleigh, North Carolina disease transmission
Article Fonseca-Rodriguez et al. UFRPE 2019 Spatiotemporal Analysis of Glanders in Brazil
[37]

Article Abreu et al. [38] Instituto Bioldgico de Sdo Paulo 2020 Systematic monitoring of Glanders-infected horses
by complement fixation test, bacterial isolation, and
PCR

Article Fonseca Junior et al. [39] LFDA-MG 2021 Validation of three qPCR for the detection of Burk-
holderia mallei in equine tissue samples

Article Rocha et al. [40] UFAL 2021 Monitoring the outbreak of equine Glanders in
Alagoas, Brazil: clinical, immunological, molecular,
and anatomopathological findings

Dissertation Carvalho [41] UFRPE 2022 Andlise de fatores de risco para o mormo, deteccio
de gente de viruléncia TTSS e genes de resisténcia a
B-lactamicos em isolados de Burkholderia mallei do
Nordeste do Brasil

Article Falcao et al. [42] UFRPE 2022 Molecular characterization of Burkholderia mallei

strains isolated from Brazil (2014 —2017)

when the researcher responsible for proving the existence of
the disease in the country isolated the bacterium from closed
cutaneous nodules of mules with clinical signs of the disease
and performed phenotypic characterization of the bacterium
obtained in different culture media. Since then, imperative
studies have been conducted that have significantly advanced

the microbiological diagnosis through isolation of bacterium
and its phenotypic and molecular characterization [4].

The first dissertation on the microbiology of glanders was
presented in 2003 at the Graduate Program in Veterinary
Medicine at UFRPE. In this study, the biochemical charac-
teristics of B. mallei, different media of bacterial cultivation,
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Fig. 1 Timeline of the records
of the studies on the glanders
carried out by the research
group of the Laboratory of
Infectious Diseases of Domestic
Animals of UFRPE, a pioneer
in the study of glanders in
Brazil
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Genome study of Burkholderia mallei field
isolates in Brazil

2021

1st Registration of Burkholderia mallei turkey 10
strain in horses and epidemiological analysis of
the glandersin Brazil

2014

Production and evaluation of national malein

2012

Production and evaluation of national malein

2009

Establishment of the experimental model of
Burkholderia mallei infection in guinea pigs

2007

1st study on clinical indicators in muares
naturally infected with Burkholderia mallei

2005

Advances in microbiological diagnosis and 1st
hematological and biochemical study of natural
Burkholderia mallei infection

2003

Advances in microbiological diagnosis and 1st
hematological and biochemical study of natural
Burkholderia mallei infection

L 2022

Clinical, serological and molecular
monitoring of horses in a disease focusl

O 2019

Production and evaluation of national malein

2013

Standardization of an indirect ELISA test as a
morbidity diagnosis tool

2010

Development of molecular assay for
differentiation of Burkhoderia mallei and
molecular identification of isolates from Brazil

2008

—o— —o— o

1st study on serum proteinogram in muares
naturally infected with Burkholderia mallei

2006

1st antimicrobial sensitivity profile study of
Burkholderia mallei field isolates

O 2004

First theses and dissertation with clinical-
epidemiological, anatomopathological studies
and diagnosis of glandersin the state of
Pernambuco

? 2000
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Fig. 2 Clinical, epidemiologi-
cal, and pathological findings
of glanders’ cases in Equidae
in Brazil. Glanders: nodules

in lymphatic vessels and skin
ulcers (a); respiratory clini-

cal presentation of glanders in
mules: unilateral purulent nasal
secretion in mules (b); cachexia
and purulent nasal secretion in
mules (c¢); nodules and thicken-
ing of the lymphatic vessels of
the neck in donkeys (d); risk
factors for glanders: confine-
ment and feeding in collective
troughs (e); pulmonary granu-
loma in mule necropsy (f); liver
nodules were distributed in the
liver of mules (g); and prolifera-
tive inflammatory reaction in
the nasal septum of mules (h)

A
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phenotypic tests of antimicrobial sensitivity, and molecular
characterization of B. mallei isolates recovered from Equidae
from the states of Pernambuco and Alagoas were demon-
strated. Molecular differences were demonstrated in the cir-
culating strains from northeastern Brazil. The conclusion was
that there are no effective treatment protocols for glanders, but
the study of antimicrobial resistance of B. mallei isolates can
help in the treatment of this disease in humans [5].

The first published study on the microbiological diagnosis of
glanders was in 2004. It allowed us to conclude that other bacteria
isolated from lesions of the upper airways of Equidae influence
the isolation of B. mallei and consequently the microbiological
diagnosis of glanders. This study recommended that instead of
samples of nasal swabs, samples of closed skin nodules should
be collected for microbiological diagnosis purposes, which result
in much higher sensitivity and specificity. This study was a hall-
mark in microbiological diagnosis and decisively confirmed the
re-emergence of the disease in the country. The researchers who
studied the disease previously did not reach a conclusive diagno-
sis; this was because they always collected biological material for
bacterial isolation of the nasal cavity of sick animals which did
not obtain satisfactory microbiological results [8].

In 2009, we participated in a research study where a rapid
oligonucleotide microarray assay based on genetic markers was
conducted for the precise identification and differentiation of B.
mallei and B. pseudomallei, namely, glanders and melioidosis
agents, respectively. This study was conducted in partnership
with the Institute of Bacterial Infections and Zoonosis of the
Federal Institute of Animal Health Research, Germany and
allowed the advancement in the differentiation of these species
that cause similar clinicopathological diseases in Equidae [14].

In 2019, a study was published on the first record of the
Turkey 10 lineage of B. mallei in horses in northeastern Bra-
zil. This study confirmed the circulation of a single line of
B. mallei in the northeastern region of the country, and this
result will contribute to future improvements in diagnostic
techniques [34]. Abreu et al. [38] performed isolation of B.
mallei in four animals, in addition to standardizing the PCR
to improve the molecular detection of the bacteria in clinical
samples from positive animals monitored for glanders. In
2021, another thesis was presented in the Graduate Program
in Animal Bioscience at UFRPE, which aimed to geneti-
cally characterize B. mallei isolates obtained from glanders
affected Equidae in the states of Pernambuco and Alagoas.
This research was partnered with the National Food Secu-
rity Agency of France. Sequencing revealed a correlation
between the circulating strains from the two states, in addi-
tion to a genetic variation between strains of Pernambuco.
This suggested multiple events of the introduction of the
bacterium in Brazil. This is the first description of an isolate
with genetic similarity with other strains reported in Europe,
which suggested more than one event of the introduction of
the disease in the country [43].

@ Springer

The identification of the same strain of circulating B. mal-
lei is important for the development and improvement of
serological diagnostic techniques and development of spe-
cific molecular markers for the detection of Brazilian strains.
In addition, the identification of the same strain also contrib-
uted to for the development and improvement of serological
diagnostic techniques and development of specific molecular
markers for the detection of Brazilian strains, in addition to
the production of vaccines, since treatment is not recom-
mended by the legislation that is in force in Brazil and the
World Organisation for Animal Health (OIE). The results of
this research are of great impact to the scientific community
because they nullify any hypothesis about the possibility
that the causative bacteria of glanders are not present in the
country. Some previous discussions in this regard have been
put forward over the years by a small group of veterinarians
and owners of horses but without a scientific basis. This is in
contrast to the vast amount of scientific evidence that proves
the occurrence of the disease in the country [42].

Regarding serological and immunoallergic diagnosis, we
highlight the contribution of our group with a thesis pre-
sented in the Graduate Program in Animal Bioscience of
UFRPE in 2010. It aimed to produce and evaluate a national
purified protein derivative (PPD) malein using a local B.
mallei isolate as an alternative for the diagnosis and control
of glanders in Brazil. This PPD-malein was evaluated in
guinea pigs and demonstrated good sensitivity and specific-
ity when applied to horses. The horses were experimentally
infected with inactivated B. mallei and compared with the
control group [16]. In 2012, a dissertation was presented in
the same program that aimed to standardize and evaluate an
indirect ELISA for the diagnosis of glanders. This test was
the first to use an isolate of B. mallei originating from an
equine in Brazil [20]. The standardization and evaluation of
indirect ELISA was the starting point for new studies that
improved this diagnostic technique. In 2015, it was regis-
tered in the MAPA of Brazil and included in the National
Equidae Health Program as a screening technique for glan-
ders in place of the complement fixation technique (which
was used only for animals in international transit). Notably,
ELISA technique presented better sensitivity and specific-
ity than the complement fixation test. The PPD-malein pro-
duced was not used in the National Program for the control
and eradication of glanders, as it was replaced by western
blotting as a confirmatory technique. PPD-malein is cur-
rently used in Brazil for foals up to 6 months of age [44].

Advances made by other research groups
on glanders in Brazil

Ten dissertations on glanders were presented, the first in
the Graduate Program in Animal Health at the University
of Brasilia to understand the epidemiological situation of



Brazilian Journal of Microbiology (2022) 53:2273-2285

2283

glanders and equine infectious anemia in traction Equidae
of the Federal District in 2011 [17]. In 2012, another dis-
sertation was undertaken at the Veterinary School of the
Federal University of Minas Gerais to develop and evaluate
a new method for the production of malein for the diagnosis
of glanders [19]. In the same year, the dissertation was pre-
sented in the Graduate Program in Veterinary Medicine of
UFRPE, by another research group, to evaluate the results of
the complement fixation test against two commercially avail-
able antigens, using two methods of incubation in equine
sera from a property in the state of Pernambuco [20]. In
2014, another dissertation was presented in the Graduate
Program in Tropical Animal Science of UFRPE to evalu-
ate polymerase chain reaction (PCR) and indirect ELISA as
diagnostic methods for B. mallei (Glanders) [25]. In 2016,
another dissertation was presented in the Graduate Program
in Veterinary Sciences of the Federal University of Paran4 to
develop and standardize a test for the diagnosis of glanders
by plaque seragglutination [27].

In 2017, a dissertation was presented in the Graduate
Program in Veterinary Medicine, UFRPE, to evaluate anti-
gens (Biovetech, Recife Brazil) produced with Brazilian
strains of B. mallei for the diagnosis of glanders compared
to the c.c.pro antigen (GmbH, Oberdorla, Germany), which
employs strains from Yugoslavia, India, and Indonesia [29].
In 2018, a dissertation was presented in the Graduate Pro-
gram in Veterinary Science of the Federal University of
Paraiba to study the epidemiological characterization of
glanders in Equidae in the state of Paraiba based on second-
ary data. In 2018, a thesis was presented in the Graduate
Program in Tropical Animal Science that phylogenetically
identified the strains circulating in the national territory for
animals suspected of glanders [31]. In 2019, the last disser-
tation on this theme was presented in the Graduate Program
in Sciences of the University of Sdo Paulo that contributed
to the analysis of the critical points caused by this disease’s
legal/sanitary threat within the business chain [35].

Training of human resources related to the glanders dis-
ease was impressively performed in the northeastern region
of Brazil, even for groups that were not part of the team of
the main researcher of UFRPE. Only six dissertations were
conducted in other states: one in the federal district, one
in Parana, one in Sao Paulo, one in Minas Gerais, one in
Paraiba, and one in Alagoas. Although these dissertations
and theses had relevant findings, most were not published
as scientific articles, except for a dissertation by the Federal
University of Minas Gerais group, which advanced the sci-
entific knowledge in the field. In a previous study, we pro-
duced and evaluated PPD-malein for glanders [21]. Another
article published by the same group, but which was not part
of a dissertation or thesis, presented the results of the vali-
dation of three qPCR for the detection of B. mallei in tissue
samples of horses. It is noteworthy that knowledge on the

subject should be made available to the scientific community
in journals after peer review and subsequent publication.
Thus, unpublished results are not discussed in depth in this
article [39].

In 2017 and 2018, two other important scientific contri-
butions were published together with a group from France.
These studies presented the genomic sequence of the B.
mallei 16-2438 BM#8 strain isolated from a mule in Per-
nambuco, northeastern Brazil. They also presented the first
molecular characterization based on multiple locus varia-
ble-number tandem repeat analysis and single nucleotide
polymorphism analysis of a B. mallei strain isolated from
a mule found dead in northeastern Brazil in 2016 [28, 30].
In 2020, the findings of a study conducted by the research
group of the Biological Institute, Sdo Paulo, in which sys-
tematic monitoring of horses infected with glanders was
performed by complement fixation test, bacterial isolation,
and PCR, were published. This study concluded that the cold
complement fixation test with United States Department of
Agriculture (USDA) and c.c.pro antigens in combination
with PCR increase the sensitivity of diagnosis and may be
useful in the diagnosis of chronic glanders [38].

It is noteworthy that the main scientific articles published
outside the UFRPE group had the participation of some for-
eign researchers, who were the main contributors of these
studies in the area of microbial genetics and in the diagnosis
of glanders.

Challenges for future studies

In recent decades, there have been important advances in
the clinical-epidemiological, microbiological, and molecu-
lar diagnosis of glanders in Brazil. Notably, relevant train-
ing of human resources led to the increase of capillarity
and nucleation of new research groups in the country,
which may contribute to research in this area. Despite
the advances observed in this area, it is still important
to nucleate new research groups and approve specific
funding lines for research. This is necessary to improve
the diagnosis and production of immunizers, because the
country will not be able to move forward given the few
financial resources and increased competition in the field
of research. This disease has a strong impact on the equine
production chain and causes severe economic obstacles to
the commercialization of animals and their products. Addi-
tionally, there are restrictions on the movement of animals
in the country and abroad. Moreover, it is an important
zoonosis neglected in the country and needs to be better
understood and studied. Further study on this is needed
because human health professionals do not yet have suf-
ficient knowledge, and the disease may be underreported.

At present, we have a sound scientific base and highly
qualified researchers who support research in the area of
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vaccines. Nevertheless, there are still no investments that
further the advances in research in this area. Health educa-
tion programs based on studies of factors associated with
glanders should also be implemented in the country to
contribute to disease control and eradication.

In recent decades, the scientific advances of glanders
in Brazil have transformed the scenario of knowledge
on the subject, even under deficient financial and human
resources for the execution of research projects. Much of
the knowledge and training of human resources in the area
was generated in the northeast region of Brazil, more spe-
cifically by the UFRPE group. It is important to highlight
that in Brazil, the disease can present with varied clinical
and epidemiological characteristics, with a predominance
of the acute form in donkeys and mules in the northeast
region. However, in the Southeast region, the disease is
usually chronic and affects horses more frequently. Even
in the face of all the scientific evidence that proves the
existence of glanders in Brazil, there continue to be dif-
ficulties that lead to legal issues of glanders cases that
compromise scientific research and confirmation of the
disease by direct methods. International partnerships with
important research centers in Germany and France have
also been established and are important for the study of
glanders in Brazil.

It is important to continue training veterinarians for the
clinical identification of the disease. In addition, it is crucial
to sensitize the surveillance and control agencies of the Min-
istry of Agriculture to conduct a seroepidemiological survey
on the disease in the country to obtain results in all states of
the Federation. This will help to plan and structure control
and eradication endeavors.
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