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CHAPTER 3.6.10.

GLANDERS AND MELIOIDOSIS

SUMMARY

Description and importance of the disease: Glanders is a highly contagious and fatal disease of
horses, donkeys, and mules caused by infestion-with-the bacterium Burkholderia mallei. Fhe-It is an
obligate mammalian pathogen that spreads by direct host-to-host transmission and causes nodules
and ulcerations in the s k/n! /gmph nodes, upper respiratory tract and lungs. The skrn cutaneous form
is known as ‘farcy’. rsists in f Asia, Affi th Ameri is re-emergin

the Middle East. Eas Meho:dos:s—rs—an—mfeetfeus—drsease caused by B pseudomallel—Me#etldesrs—ls

seme#mes—resembles—glaadars
Water Human and anlmal cases of meho:dos:s have been rey regorted mainly in South-East Asia and

Th/s chapter focuses on the

Similarities due to thelr genet/c Qrox1mltg Burkholdena mallel has evolved from B. pseudomallel by

genomic reduction efgeneticinformation and is phylogenetically considered as a phylogenetic clone -
i-e—a-pathovar of B. pseudomallei.

Control of glanders and melioidosis requires testing of suspect clinical cases, screening of apparently
nrormal-subclinical equids, and eliminration-culling of reactors—Stable-confirmed cases. Good stable
hygiene and manure management are imperative-essential for disease control. As B. mallei and
B. pseudomallei can be transmitted to humans, all infected-or-contaminated-{or-potentially infected
or contaminated)—raterial biological samples must be handled in a laboratory with appropriate
biosafety and biosecurity controls following a biorisk analysis.

Detection of the agent: Smears from fresh material-specimens containing B. mallei baeteria-or

B. pseudomallei may reveal Gram-negative nonsporulating, nonencapsulated rods. Electron
microscopy reveals a capsule-like structure in both bacteria. Burkholderia mallei grows aerobically
and prefers media—that-contain-glycerol—Standard-containing media. fer-iselation—of Burkholderia
pseudomallei can be-used-grow on standard media and selective enrichment technlques have been
developed.
both-agents—Unlike the Pseudomonas species and the closely related bactenum B. pseudomallel

B. mallei is nonmotile. Fer-identification—Biochemical phenotyping can be used for_identification.
Commercially available biochemical identification kits lack diagnostic sensitivity. MALDI-TOF '
spectra have-been-made-are available for both agents-inthe-pastyears—Whole-genome-sequences
have-been-published. Specific monoclonal antibodies and polymerase chain reaction (PCR)-as-we#l
as—real-time-PCR assays are available. Whole genome sequences have been published for both
bacteria.

Serological tests: Complement fixation is an accurate and reliable serological method for diagrestic
usern the d/agnOSIS of glanders in egwds and is the test recommended for individual anlmal freedom

linked lmmunosorbent assays (ELISA} Other ELISAs are Qrom/smg but regu:re further valldatlo

1 MALDI-TOF: Matrix assisted laser desorption ionisation time of flight [mass spectrometry]
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immunoblot test based on a crude formalin preparat/on of B. mallel ant/gens from /so/ates Qf—fLQm
d/fferent geograph/cal reglons is a/so a senstt/ve and SpeCIfIC assay. ALQn_e_Qf these tests may—alse—be

B mallei and B. gseudomallel Furthermore the occurrence of B. pseudomallei in tropical soils may
influence the results and must be considered.

Mallein test: The mallein test is a hypersensitivity skin test against-for B. mallei. The test is not
generally recommended because of animal welfare concerns, howeverft-ean-but may be useful in
remote endenwe—areas where sample transport or proper cooling of samples is not possible. Mallein

- in, a water-soluble protein fraction of the

erganism—is-infected-intradermeo-palpebrally—a-B. mallei, which causes eyelid swelling in infected
animals—the-eyelid-swells-markedly within 1-2 days. Thistest-may-also-be-positive-in-Horses with
melioidosis may also test positive.

Requirements for vaccines and diagnostic biologicals: There-are-No vaccines are avaiblable. A
mallein purified protein derivative is commercially available.

A. INTRODUCTION

Glanders is a bacterial disease ef-that primarily affects perissodactyls or odd-toed ungulates, such as horses,
donkeys and mules. It is a zoonotic disease and has been krewn-recognised since ancient times. H{-is-caused-by
the-basterium-The causative agent, Burkholderia mallei (Yabuuchi et al., 1992) ard-has previously been variously
classified in the-past-genera such as Pseudomonas, Pfeifferella, Loefflerella, Malleomyces or Actinobacillus. ¥-is-a
seneus—eentagteus—dﬁease—m—Although equids W%W%m%g@
n infect other :

Zoo animals. Susceptlblllty to glanders has been proven demonstrated in camels smaII ruminants, bears wolves
and-degs—Carnivores (lions, tigers, leopards, cats, dogs, polar bears, wolves, walruses, jackals and hyenas) can
be |nfected through the lngestlon of contamlnated meat Camels, small ruminants, sheep and goats have been

) Jiand A l N Nad K 0a |
eafing, often ghingestion of infected meat, but cattle, and plgs are resistant gma Fruminants may ge |n?ecte3

if kept in or close contact with glanderous horses (Wittig et al., 2006). Glanders generally takes an acute form in
donkeys and mules with high fever and respiratory signs (swollen nostrils, dyspnoea, and pneumonia) and death
occurs within a few days. In horses, glanders generally takes a more chronic course and horses may survive for
several years. Chronic and subclinical ‘occult’ cases infected animals. Cattle, pigs, rats and birds are potential
sources of infection due to the permanent or intermittent shedding of bacteria relatively resistant (Wittig et al., 2006).

In herses equids, inflammatory pustules and ulcers develop in the nasal conchae and rasal-septae;-which-giverise
to-septa, producing a sticky yellow discharge, accompanied by enlarged firm submaxillary lymph nodes. Stellate
scarring follows upon healing of the ulcers. In the lungs, the formatlon of reddlsh nodular abscesses with a central
grey necrotic zone in-thelungs is accompanied by progressive

cough and dyspnoea. Diarrhoea and polyuria can also occur. In the skm—cutaneous form (‘farcy’), the lymphatics
vessels are enlarged and 0.5-2.5 cm sized nodular abscesses (‘buds’) develop, which ulcerate and discharge
yellow oily pus. Dry ulcers may also develop. Pyogranulomatous nodules are sometimes found in the liver and

spleen. Bischargesfrom-therespiratory-tract-Respiratory and skin-cutaneous discharges are infeetive-infectious

and transmission between animals—which—is—facilitated occurs by close contact, inhalation, ingestion of
contamlnated materlal (e g from mfected feed and watertroughs) or by moculatlon(e—g—wa—a—hamess-)—teeemmen

Glanders is transmissible-transmitted to humans by-through direct contact with diseased-sick animals or with
infected or contaminated material. #a-the-untreated-Without treatment, acute disease-cases have a the-mortality
rate eanreach-95% within-3-weeks-of up to 90% (Neubaueret-al—1997-Van Zandt ef al., 2013). However, survival

+s—pessqble—|f—the—m£eeted—persen—+s—treated—early and aggressively treatment with multiple systemic—antibiotic
. A chronic form with abseessation-can-abscess formation may occur

therapies
(Neubauer et al., 1997).

Glanders has been eradicated from many countries by-statutery-through compulsory testing, culling of infected
animals, and import restrictions. HQMLe_\LQL it persists in Arumerous-Asian-African-parts of Asia, Africa and South

American America. It is re-emerging in countries in the Middle East, India, Pakistan, Nepal, and ean-be-considered
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are-emerging-disease Brazil. Glanders can be introduced into glanders disease-free areas by movement of infected
equids (Neubauer et al., 2005).

B. pseudomallei-is-the-causative-agent-ofmelioidosis,

Melioidosis is caused by .- asoil-dwelling bacterium historically
ndemlc to South- EastAS|a(Cambod|a Indone3|a Laos Mala¥3|a Mvanmar! Slngagore!Thalland and eriginates
am) a J ' South-East Asia {areas

stable in the enwronment—tt—rs and it also naturaIIy reS|stant to various ant|b|ot|cs and disinfectants (Currie, 2015;

O’Connell et al., 2009; Sprague & Neubauer, 2004). Burkholderia pseudomallei has—is an e*tremet-y—bread

opportunistic pathogen with a wide host range, including wildlife-farm-animals-and humans
Burkholderia-pseudomaliei-hasregularly been-isolated, mammals, birds and reptiles (Birnie et al., 2022).

In humans, meI|0|dOS|s can cause a wide range of S|gns, from abseesses—m—vaneus—ergans—espteen—hver—tung—
: A A on-localised

the disease-in-herses;

Melioidosis in horses has-is rare and-oftenpresents-but can present with signs similar to glanders. Occurrences

have been reported as peracute cases with high fever, septicaemia, limb oedema, diarrhoea and death occurring
within 24 hours, or acute cases with limb oedema, slight-mild colic and intestinal hypermotility. More typically,
melioidosis runs-has a subacute to chronic course from-of 3 weeks to 3 months with-ne-without loss of appetite.
Further-signs-Other reported are-signs include emaciation, oedema and lymphangitis of the limbs, mild colic,
diarrhoea, pneumonia, cough and nasal discharge. Skin involvement may initially resemble fungal eczema, later
becoming papular without abscess formation. Acute meningoencephalitis and keratitis may be-seen-occur. If the
infection is acquired per os, intestinal signs may predominate. Hisreperted-that The lungs are always affected-and
show-reported to be involved with signs of acute bronchopneumonia and aumereus-multiple abscesses. Severe
enteritis, multiple microabscessation in the kidneys, and necrotic foci in liver and spleen may be found at necropsy.
Ulcers on the mucosa of the upper respiratory tract and cicatrical scar tissue on the septum nasi and epiglottis may
be found. Ulcers and nodules in the skin and subcutis of the limbs may be confused with farcy. Conjunctivitis and
keratitis, although rare, have been reported;-theugh—+are. The incubation period for naturally occurring infection in
animals is net-known—Spread-unknown (Sprague & Neubauer, 2004). Experimental infection of horses with
B. pseudomallei (via oral or subcutaneous routes) failed to generate lesions in the nasal septum or conchae;
however, tvglcal Q,v_ogranulomas |nd|st|ngwshable from those caused b¥ glanders were observed |n the lungs and

spread by |nfected anlmals or by contamlnated materlals in the—ammats—th_elr enV|ronment Infectlon is thought to
occur by inoculation, ingestion or inhalation of enwronmental organlsms Inapparent |nfect|on ‘may occur (rewewed

by Sprague & Neubauer, 2004). J
2045—ngstey—et—al—294-6b)— No approved antlblotlc reglmens #ephepses-have-been-aLe recommended tQLhQLS_e§

me||0|d03|s requwes testing ofw;sm cllnlcal cases, screening of apparently normal eqwds and elimination of
reactors. {r-areas-with-a-temperate-climate,—special-thought-has—to-be-givento-Emphasis should be placed on

maintaining stable hygiene practices (disinfection, removal of faeces several times a day, reduction-efthe-reduced
use of water for cleanlng, dlsmfectlon of hooves and lower Ilmbs movement control) and soil hyglene Surtable

Feperted—(-DedﬂH-QQQ—)—Dedm—Q-gQQ—)—stated—that—The outbreak at the enzeetles—Jardln des Plantes in France
deelmed—andm the WWWMWM |nfected anlmals

WhICh led to the contamlnatlon of
Z00 animals, humans and animalsn earb¥

er—knewn—mteeted—anlmals e#fenmtes—stnngent—preeaemens—mest—be—taken— usgected or conflrmed to prevent-self-
mieehen—eptransmrssqermﬁhe—baetena—haberatew—sampteemusbbe infected with B. mallel or B. Qseudomalle/! or

securely

eutlmed—durlng transgort! and foIIowmg the transgort gmdellnes for blologlcal materials in Chapter 1.1.3 Transport
of biological materials. All manipulations with of potentially infected/contaminated material must be performed at an

appropriate biosafety and containment level as determined by a biorisk analysis (see Chapter 1.1.4 Biosafety and
biosecurity: Standard for managing biological risk in the veterinary laboratory and animal facilities).

Outside its host, B. mallei has limited resistance to environmental factors such as desiccation, heat, light er-and
chemicals, making its survival be¥ond 2 weeks +s—unI|keI¥ gNeubauer etal., 1997) However, it can ger5|st for several

hIondeln aIcohoI 1° i m h 2° f rm I|n 19 i » r a . Phenol A rt rnI
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amonlum compounds are |neffect|ve and potassrum permanganate Phenollc dlsmfectants are Iess effective (St.

Sprague & Neubauer, 2004).

B. DIAGNOSTIC TECHNIQUES

B. pseudomallei, W|thbacter|a recoverable even in water contalnlng up to 1000

p—p—m—ggm free chlorlne (review:

Test methods available for the diagnosis of glanders and their purpose are listed in Table 1. For melioidosis,
confirmed by culture and polymerase chain reaction (PCR). Although serological

B. pseudomallei can be specificall

tests developed for glanders max cross react and glve an |nd|cat|on of potential melioidosis cases! these tests are

Table 1. Test methods available for the diagnosis of glanders and their purpose

Purpose
In:ri‘\ilri'c‘i:lal Immune status in
Method Population freedom from Contributeto | Confirmation Prevalence of individual
freedom from g e g o eradication of clinical infection — animals or
infection®@ to P policies®© cases¥ surveillance® populations post-
vaccination
movement®)
Detection of the agent
. i
Conventional PCR Ooo Ooo Ooo Oooo Oooo
VMO
Real-time PCR a0d a0d aoa 0od 0od
i
Culture oo oo Ooo Oooo Oooo
VMO
Detection of immune response
Complement i) MEOe ilei]m) ooo
ELISAl-h MaE- VMV Oooo
O O O
7Rw M4 M4 M4 M wilwalwilw; [ | 000
ELISA MM MM MM VMO o -
Mallein skin test VOO VOO VOO MO0 MO0 Oooad
Western blotting VOO VOO VMO MO0 VMO Oooo

Key: = recommended for this purpose; MM = recommended but has limitations;

MO0 = suitable in very limited circumstances; CJC1C] = not appropriate for this purpose.
PCR= polymerase cham reaction; ELISA enzyme-linked |mmunosorbent assay.
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1. Interpretation of tests for the diagnosis of glanders and melioidosis

Confirmation of a diagnosis of glanders sheould-be-based-onthe-or melioidosis requires isolation and identification
of Buﬁkheldeﬁa—& ma/le/ m—a—sample or B. gseudoma//e respectwely, from an equid sa;mm or a-derived-product

v-in these samples. In animals showing clinical signs

a posmve serologicaltestresultssuch-as-a-titre-of 1/5-in-the-complement fixation test (CFT) result, confirmed by a

second test thh o_f equal or h+gher g&e[ sen3|t|V|ty and hlgher specn‘"cﬁy e—g—B—ma#er—speelﬁe—hpepelysaeehande

2. Detection of the agent

Cases forrequiring specific glanrders-investigation for glanders or melioidosis should be clinically differentiated en
elinical-grounds from other chronic infections affeeting of the nasal mucous membranes, sinuses or the skin. Ameng
these—are—These include strangles (Streptococcus equi), ulcerative lymphangitis (Corynebacterium
pseudotuberculosis), pseudotuberculosis (Yersinia pseudotuberculosis) and sporotrichosis (Sporotrichium spp.).
Glanders should be excluded from suspected cases of epizootic lymphangitis (Histoplasma capsulatum

farciminosum), with which it has many clinical similarities. In-horses-and-humans-in-particular-glanders-should-be
distinenishod from-melieldesis:

2.1. Morphology of Burkholderia mallei and B. pseudomallei

Burkholderia mallei erganisms-are-fairly-numerous is often found in smears from fresh lesions, but searce
less commonly in older lesions. Smears should can be stained with methylene blue or Gram’s stain. The
Gram-negative rods have rounded ends, are 2—5 pm long and 0.3—0.8 pym wide with granular inclusions
of various size. The bacteria are generally located extracellularly and frequently stain irregularly and
poorly when Gram_'s stain is used. They do not have a readily visible capsule under the light microscope
and do not form spores. The presence of a capsule-like eover coat has been verified observed by electron
microscopy. This capsule is composed of neutral carbohydrates and serves to protect the cell from
unfavourable-adverse environmental factors. Unlike other organisms in the Pseudomonas group and its
close relative B. pseudomallei, B. mallei has no flagellae and is therefore nonmotile (Sprague &
Neubauer, 2004). Nonmotility is the most important phenotypic characteristic diagrostically-for diagnosis
and must be demonstrated when pure culture is available. The organisms are difficult to detect in tissue
sections, where they may have a beaded appearance. In culture media, they-vary-in-their appearance
elependmg—en ar|es according to the age of the culture and the type of medium. {r-Older culturess;-there

are highly pleomorphic. Branching filaments form on the surface of broth cultures
(Neubauer et al., 2005).

In contrast B. pseudomallei is mot|le due to the gresence of flagella and can be found |n both acute and

gseudomalle/ is primarily extracellular but ma¥ be present W|th|n macroghages during |nfect|on It has
Qolxsacchande cagsule that aids in |mmune evasion and survrval |n the environment, although this

formmg smooth colonres and others develogrng a wrrnkled aggearance, degendrng on the strain and
culture conditions.

2.2. Cultural characteristics

His-preferable-to-attemptisolationfrom-unopened-Isolation of B. mallei is most effective when samples
are taken from fresh, uncontamrnated lesrons— to avoid bactenal overgrowth. Ke¥ organs include th

Burkholderia mallei is an aerobic and-facultative-anaerobic-onty-bacterium that can grow anaerobically
in the presence of mtrate—gremngephmally—at—?ﬂ—@ It grows well-but-best, albeit slowly, at 37°C. It can
be grown on a variety of e culture media, including sheep blood agar. ireubation-ofculturesfor 72 hours
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is-The recommended;-ghyeerol incubation period is 72 hours. Glycerol enrichment is particularly useful.
The tiny greyish shiry-shining colonies of B. mallei on sheep blood agar can be easily overgrown by

other bacteria; henee so careful observation is needed to not te-everook miss the bacteria after 72 hours
of incubation. After a few days on glycerol agar, a confluent, smooth, moist and slightly viscous cream-
coloured growth ean-be-is observed. On eontinued-further incubation, the growth thickens and becomes
dark brown and tough. Burkholderia mallei also grows well on glycerol potato agar and in glycerol broth,
en-which forming a slimy pellicle-ferms. Growth on nutrient agars-the-growth is much less effusive profuse,
and growth ispeer-on gelatine—arious is poor. Several commercially available Burkholderia selective
agars enable-allow the growth of B. mallei (Glass et al., 2009).

Even infresh-samples-ebtained-under sterile conditions, B. mallei is often overgrown by other bacteria,
which-makes-making isolation extremely difficult (Wernery, 2009).

chloride 40 ml of | cerol 3m of c stalwolet ‘ mI fom O 1° w/v cr stal V|olet in dlstllled water 50

olu . . AnM 1 . TR T
olymyxin B 4 Ifrom 1 un|t mI tock solutlon For heaw Laek—ef—memﬂy—is—the\cefemce—ef

ta-contaminated samples, supplementation of media with substances that inhibit the growth of Gram-
positive organisms (e.g. crystal violet, proflavine) has-proven-to-be-useful-as-well-as-and pre-treatment
with penicillin (1000 units/ml for 3 hours at 37°C) have proven to be useful. A semi-selective medium has
been developed (Xie et al., 1980) eomposed-consisting of polymyxin E (1000 units), bacitracin (250
units), and actidione (0.25 mg) incorporated into nutrient agar (100 ml) containing glycerine (4%), donkey
or horse serum (10%), and ovine haemoglobin or tryptone agar (0.1%)-has-been-developed. Heavily
contaminated samples should also be streaked onto stiff blood agar (3% agar) which inhibits the growth
of Proteus spp., and onte Sabouraud dextrose agar, which inhibits the growth of many Gram-positive
and Gram-negative bacteria in glanders samples. These samples should also be streaked-onto-plated
on blood agar and incubated for24-heurs-anaerobically for 24 hours to inhibit the growth of obligate
aerobes Isolation of B. ma//e/ from the anaeroblc plates needs a further 24 hours’ incubation at 37°C.

Although there are no validated procedures-methods for the-iselation-ofisolating B. pseudomallei from

horse-equine samples-exist—Cultivation-may-be-successful-from-samples—of, cultivation from ulcers,
lesions or exeretions—Standard-media;-e- Urine can be successful (Wernery et al., 2019a). Initial isolation

can be performed on blood agar or MacConkey agar—are—used-for-isolation-of B—pseudomalleiand
selective-enrichment-techniques-e-g. Selective media such as Ashdown agar, Galimand’s broth er8-
pseudomalleiselectiveagar{and BPSA-have beendevelopedbimmathurotsalwletal—2042: improve
detection (see website Melioidosis - Home) (Peacock et al., 2005;Prakash-et-al-2044;Roesnita-et-al;
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becomes or wrinkled-after, often with a few—days—ef—meubaﬂen—A metalllc sheen ever—the—aFea-ef—eenﬂuent
growth-on Ashdown or Columbia agar-is-an-importantfeature.

All culture media must be quality controlled to ensure growth of the suspect organism from samples with
low bacterial loads.

Biochemical tests such as the API Gallery are useful for the presumptive identification of B—pseudomatiei
{Bance-etal1989) B. mallei and B. pseudomallei. The AP| 20NE system is used to identify non-enteric,
X|dase gosmve bactena Burkholder/a malle/ and B. Qseudomalle/ share severaI S|m|Iar and d|fferen

3 n ontra D. [ ]
eductlon! OX|dase act|V|t¥ and glucose assimilation. [t t¥g|call¥ has Qosmve or varlable arglnlne
dihydrolase activity. Unlike B. mallei, B. pseudomallei is urease positive, a key differentiator between the
two bacteria. Although commercial biochemical systems can confirm membership of the Pseudomonas
group, they are generally not reliable for accurate identification of the diverse Burkholderia genus (Glass

& Popovic, 2005; Inglls et aI! 2005 Lau et al. 2015! Zong et al., 2012). These results should be

2013; Kar er et al 2012 whlch is a more advanced technl ue althou h database inconsistencies can

occasionally lead to misidentifications, or PCR, which remains the most reliable method for accurately
distinguishing between the two species.

National regulations and guidelines fer-should be observed for the safe handling and application of
disinfectants-should-be-observed.

2.3. Identification of Burkholderia mallei and B. pseudomallei by polymerase chain reaction
(PCR) and real-time PCR

2 MALDI-TOF MS: Matrix assisted laser desorption ionisation time of flight mass spectrometry
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Table 3. Real-time PCR methods available for Burkholderia mallei and B. pseudomallei

target gene i ~ working solution | Cycling parameters®

dlsease groflles Burkholderla Q seudomallel has a hlghlgﬂexmle genome! |anuenced by freguentgen ‘
transfers and rearrangements In contrast! B. malle/ has evoIved into a strlct mammallan pathogen

Several PCR and+real-timePCR assays have been developed for the specific detection and identification
of B. mallei and differentiation-of-B. pseudomallei-have-been-developed-(reviewed by Lowe et al., 2014).
One A conventional PCR and ene a real-time PCR assay were have been evaluated using samples from
a natural outbreak of glanders in horses (Scholz et al., 2006; Tomaso et al., 2006). These two assays
are therefore—desecribed-presented in more detail—but in_this chapter, although real-time PCR is
recommended because of its higher analytical sensitivity. Inter-laboratory studies are still needed to
confirm the-their robustness-ef-these-assays. The guidelines and precautions outlined in Chapter 1.1.6
Principles and methods of validation of diagnostic assays for infectious diseases of terrestrial animals
should be ebserved-followed.

2.3.1. DNA preparation

Single From agar cultures, single colonies are transferred from-an-agarplate to 200 pl of deionised
water. After heat |nact|vat|on (for example 99—100 C for 39—20 minutes), the DN-A—uselatlen

be used dlrectly for PCR r sub ected to DNA extractlon usmg commermal klts deS|gned for Gram-
negative bacteria.

Tissue samples from horses (e.g. skin, lung, mucous membrane of the nasal conchae and septae,
liver and spleen) thathave-been-inactivated-and-preserved-informalin-can be processed for DNA

extraction using commercially available kits. Formalin-fixed tissues (48 hours, 10% v/v) are
should be cut with a scalpel into pieces of 0.5 x 0.5 cm (approximately 500 mg)—Fhe-specimens
are, washed tW|ce in deionised water (10 ml), and incubated overnight in sterile saline at 4°C;-and

in liquid n|trogen fellewed—by—gnndmg—gr_u_sh_e_d W|th
a mortar and pestle- and total DNAis

extracted using kits according to the manufacturer’s instructions. BNA-is-eluted-with-80pl-dH.0
QFas—appFepHa-te—feFthe—kft—H-Se‘d-. j g

Fer—B—pseudema#e+ Klts have been evaluated for the DNA extractlon of DNA from tissue-samples

| (Obersteller et al.,

2.3.2. PCR assay{Schelzetal;2006)-assays for B. mallei detection
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reliability.
2.3.3.- Real-time PCR assay (Tomaso et al., 2006)

Ihe—assay—sheutd—be—Thls method was then adapted to-the-for real- t|me PCR mstrument—used—

an_\Lenllo_naLBQB The 25 pl reactlon mr*turelojumﬁ consists of4—2—5—p4—2x master mix, 0.1 pl of
each pr|mer (10 pmol/pl) O 1 pl ofthe probe (10 pmol/pl) and 4l template DNA Ihermal—eyehng

maetwated—by—an—rmtrat pre |ncubat|on step usmg W|th uraC|I Alglucosilasa The ovthors snaocst
meledmg—an— -glxcosxlase (50°C for 2 mlnutes) and the use of uraC|I mstead of thymine in the
D prevent contamination from previous amy > N |nterna| PCR

Fo-date; A positive PCR result in+eal-time-PCR confirms the diagnosis ‘of Burkholderia malleF for
an isolate and the diagnosis o_f glanders in cllnlcal eases—l-t—has—te—be—kef-)t—rn—mmd—hewever—

gene WhICh dlstlngmshes it from B Qseudomalle/ It |s |mportant to note that future genetlc
evolution may-v -

herefore recommended in complement to serologlcal methods! espemallx in regions where
B. mallei strains are poorly characterised (Laroucau et al., 2021).
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The sensitivity of the PCR assays for clinical samples is unknown, so a negative result therefore;

is—no—proof-of does not rule out the absence-presence of B. mallei-in-the-sample and other
diagnostic means must be applied-used for confirmation.

but several PCR s¥stems are avallable for the sgecmc |dent|f|cat|on of th|s sgemes Among the
available targets, the orf11 PCR (Thibault et al., 2004) (Table 2) is commonly used, for

Hbetypmg—éHawey—&—Mmter—Zggéé—Multl Iocus sequence typing (MLST) (Godoy et al 2003) reveals
considerable diversity among B. pseudomallei strains, with variation associated with geographical origin.
In contrast, B. mallei strains are nearly identical worldwide and are characterised by a single sequence
type (ST40). Multi-locus er-variable number of tandem repeat analysis (MLVA) has been developed to
deLQLenllale_B._malLeleLams (Currie et al., 2009; Singha et al., 2021), are-only-appropriate-for-use-in-but

it requires specialised laberatories—Meleeular-typing laboratory equipment and is mainly used to compare
strains from the same outbreak.

More advanced methods such as whole genome sequencing (WGS) and molecular typing techniques
such as core genome MLST (cgMLST) gAQQeIt etal 2022! Brangsch etal 2022) and single nucleotld

These methods provide the highest resolutlonand dlscrlmlnatog Q ower for dlfferentlatlng |solates and
conducting epidemiological studies.

3. Serological tests

) ) ¢ ) AU I ne pe d
urrentl |nd|st|n uishable b serolo |cal tests Neubauer et al. 1997 Werner et al., 2019b). As a result

erologlcal testlng

3.1. Complement fixation test in horses, donkeys, and mules

The CFT is an-accurate-a reliable serological test that-has-been-used-for many-yearsfordiagnosing-the

diagnosis of glanders and establishing freedom from infection prior to movement. It will-deliverpeositive
results-detects infections within 1 week pest-of infection and will-alserecognise-can identify sera from
exacerbated chronic cases. Application-ofrigerous Strict quality control in-the-formulation of CFT antigens
reagents (antigen, complement and haemolytic systems—are—crucial-system) is essential for the
performance of thls test-as-its, with both specificity and sensitivity are-eritically-dependent-depending on
the antigen used (Elschner et al., 2011; Khan et al., 2011). However, the specificity of the CFT has been
questioned (Neubauer et al., 2005). The CFT is~valid-has been validated for horses, mules and camels;

i#used, but care must be taken when using the test in donkeys particularcare-isneeded-to avoid
misdiagnosis.

3.1.1.  Antigen preparation
i) The stock culture strain of B.mallei stored at —80°C is-should be revived by plating onto

sheep blood agar and incubated at 37°C for 48 hours to get a confluent growth.

i) Fromthis48-hoursculture;aloopful Aloop (0.5 mm diameter) of the 48-hour culture is then
inoculated into 5 ml of brain—heart infusion (BHI) broth with 3% glycerol and incubated at
37°C for 24 hours.

i)  After 24 hours, 1 ml frem-of the above culture broth is further inoculated into 100 ml BHI
broth with 3% glycerol and incubated at 37°C for 48 hours with gentle agitation-shaking.

iv)  The cultures are inactivated by exposing the flasks to flowing steam (100°C) for 60 minutes.
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v)  The clear supernatant is decanted—and, filtered- and the filtrate is re-heated again-by
exposure to live steam for 1 hour-ardIt is then clarified by centrifugation at 5000 g for 10
minutes.

vi) The clarified preduet-supernatant is stored as concentrated antigen in brown glass bottles

to-shield-at 4°C, protected from light-and-stored-at4°C-Antigen-has-been-shownto-be. The
antigen is stable foratleast40-years-in this concentrated state for at least 10 years.

vii) Aliquots of antigen—are—prepared-bydiluting-the concentrated antigen are prepared by
dilution 1/20 with sterile physiological saline containing 0.5% phenol. The diluted antigen is
dispensed into brown-glass V|a|s and stored at 4 C.The flnal worklng dilution is determlned
by a block titration- :
test: and prepared at the t|me of testlng The resultlng antlgen con3|sts mamlg of
lipopolysaccharides (LPS).

The resulting antigenconsists primarily -of lipopolysaccharides (LPS).-An alternative
procedure-method is to use young cultures-by-growing-the-organism, in which B. mallei is
grown on glycerol-agar slopes for up to 48 hours and washing-them-off washed with normal
saline. A suspension of the culture is heated at 70°C for 1 hour at#0°C and the heat-treated
bacterial suspension is used as antigen. The disadvantage of this antigen preparation
method is that the antigen contains all the bacterial cell components. The antigen should be
safety tested by ineeulating-inoculation onto blood agar plates.

C . . . K 2011)
3.1.2. CFT procedure

i) Serum is diluted 1/5 in veronal (barbiturate) buffered saline containing 0.1% gelatine
(VBSG), or in CFD (complement fixation diluent — available as tablets) without gelatine or
other commercially provided CFT buffers.

i)  The diluted serum is inactivated at 58-60°C for 30 minutes-a+-68—-60°C. Serum of equidae
other than horses should be inactivated at 63°C for 30 minutes—, while camel serum is
should be inactivated at 56°C for 30 minutes-at-56°C.

iii) Twofold dilutions of the sera are prepared using—veronalin CFT buffer er—alternative
commercially-available-CFT-buffers-in 96-well round-bottom microtitre plates.

iv)  Guinea-pig complement is diluted in the—chosen—CFT buffer and 4 or 5 complement
haemolytic units-50% (CHso) are used for the analysis.

v)  Sera, complement and antigen are mixed in the plates and incubated for 1 hour at 37°C. An
alternative more sensitive procedure is to incubate overnight ineubation-at 4°C.

vi) A 2-3% suspension of sensitised washed sheep red blood cells is added to the plates.

vii) Plates are incubated at 37°C for 45 minutes at-37°G;-and then centrifuged at 600 g for
5 minutes at600-g.

Note: When using commercially available CFT-antigens and ready-to-use CFT reagents, the
manufacturers’ instructions should be applied-followed.

Recommended-Controls to verify test conditions:
i)  Positive control: a control serum thatknown to gives a positive reaction;

i)  Negative control serum: a control serum that-known to gives a negative reaction;

iii)  Anti-complementary control (serum control)}—diuent—for each serum to be tested). CFT

buffer + inactivated test serum + complement + haemolytic system;

iv)  Antigen control: diluent CET buffer + antigen + complement + haemolytic system;

v)  Haemolytic system control: dituent-CET buffer + haemolytic system;

vi)  Complement control: dituent-CFT buffer + complement titration + antigen + haemolytic
system.

3.1.3. Reading the results

Report of the Meeting of the Biological Standards Commission / February 2026

407



haemolysis at the1/5 dllutlon is negatlve 25-75% haemo|y3|s is susp;eteus—&s_@ and no
haemolysis (100% fixation) is positive. False-positives results-6an-may occur; and animals ean
may remain positive for months. Mereover-Animals infected with B. mallei and B. pseudomallei
and-B—malei-produce cross-reactand-cannot-be-differentiated-reactive antibodies, making them
indistinguishable by serology-CFT (Neubauer et al., 1997)—Healthy-non-glanderous—equids;
Wernery et al., 2019b). An intradermal mallein test can show-a-false-produce CFT-positive GEF
reaction-results for a variable period of time-following-a-malleinintradermal-test.

3.2. Enzyme-linked immunosorbent assays

Chagter11 6Va//dat/onof d/agnost/c assags for | /nfect/ous dlseases of terrestr/al an/mals! are Iackmg A
ecent comgaratlve study of five ELISAs using crude susgensmn or recomblnant antlgens showed

than the CET (97%) and similar sensitivities (CFT 96.5%. ELISA 98.19

The Qresence of B. Qseudoma//e/ in the enVIronment may exgose egwds I|V|ng in troglcal reglons wher

For melioidosis, re-although serological technrigues-
specifically designed for glanders, none have been validated fer—use—m—vetennay—medmne—neeafe—any
comwmercially-available-to date.

3.3. Immunoblot assays

Immunoblot assays weFehave been developed for the—se\cediagness—ef—glanders—bei—iunher—vahdahen
(Elschner et al., 2011; Katz et al.,
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1999) Reeenﬂy—ﬂwdevelepment—ei—an—Thls test was recentl¥ included in a comgaratlve assags stud¥

al., 2021). Th |mmunoblot esmg—B—ma#e;—l:PS—anhgenwas Fe+mhated4he—a4m—was—te—ebtam—a—was—_s
M more sensMe—test—w than the CFT m—erdepte—retest—fa#se—pesm-ve—GEl'—seﬁa

96.5%) and the immunoblot (97.39 the |mmunoblot is a suitable confirmatory test. However, the test
is best suited to single samples, as it is time-consuming and requires experienced laboratories. The
develeped—assa—yte_sl is based on crude antlgen preparations ef—thefr_o_m B. mal/e/ stralns LBogor Zag;eb
angd-Mukteswar, w

Bahrain1) separated by SDS PAGE (sodlum dodecyl sulphate polyacrylamlde geI eIectrophoreS|s) and
subseqeentl—y—transferred to nltrocellulose membranes. Anti-B. mallei LPS antibodies in a serum sample

are visualised by-animal-using a species-specific (phosphatase)
conjugate and the NBT-BCIP (nitro-blue tetrazolium-5-bromo-4-chloro-3-indolyl-phosphate) colour
system. The immunoblottest is seered-considered positive if the-banding-a clear scale band pattern of
the—B—ma#a—EPS—laddemM—ggm the 20-60 kDa region-is—clearly-visible—suspicious-range,
s_is_@ if a weak colour reactlon is deteeted—ob_sg_ue_d and negatlve |f no reactlon isseep—dilsernof

has—net—been—iuJ%;ahda&ed—te—da&e#»s—test—&qet—Me Q_C_CLLI'_S_.thSJe_SI_C_aDJJQ_t dlfferentlate glanders

from me||0|d03|s infe

United
States

Comment category: Addition

Proposed amended text: A chemiluminescent immunoblot assay was also developed
and evaluated with near perfect agreement to the colorimetric assay method (Grause
et al., 2024).

Rationale: Recommend adding the above text and corresponding reference which
provide information on the recent development and evaluation of an equivalent
alternative immunoblot assay method for detecting glanders. This assay method may
benefit some diagnostic laboratories, particularly those performing high-volume
testing.

The United States Department of Agriculture National Veterinary Services
Laboratories (NVSL) tests approximately 12,000-15,000 samples annually for
glanders as part of import testing, with some samples requiring confirmatory glanders
testing. To improve turnaround time and result interpretation, there was a need for a
western blot assay with faster time to results and greater ease of use.

A chemiluminescent western blot assay was subsequently developed and evaluated
using 224 of the 370 glanders-positive samples previously analyzed by Elschner et al.
(2021), along with 100 negative samples. Near-perfect agreement was observed
between the colorimetric and chemiluminescent immunoblot assay methods (Grause
et al., 2024).

Supporting evidence: Grause et al, 2024. Development and validation of a

chemiluminescent western blot assay for glanders (Burkholderia mallei) serodetection

- PubMed

3.4. Other serological tests

The rose bengal plate agglutination test (RBT) has been described and validated in Russia for the
diagnosis of glanders in horses and other susceptible animals;-and-has-been-validated-in-Russia. The

test is based on a heat-inactivated bacterial suspension stained with rose bengal, which is used in a
plate agglutination test. In a study in Pakistan, the RBT showed a sensitivity of 90% and a specificity of
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100% (Naureen et al., 2007).
B _whichi T A .

However, the accuracy of otheragglutination-and-precipitin-tests-this test is unsatisfactory-not ideal for
control programmes- , as horses with chronic glanders and-thoese or in a-debilitated-condition poor health

may give negative or inconclusive results.

4. Tests for cellular immunity
4.1. The mallein test

Fhe-Mallein purified protein derivative (mallein PPD)—which is available a commercially—is—a available
solution ef-water-seluble—protein-fractions—ef-prepared from a heat- treated B. mallei suspension (see
section C below for details of its preparation and availability). Although the test is not generally-widely
recommended because of animal welfare concerns, hewever-it ean-may be useful in remote endemic
areas where sample transport or proper cooling of samples is not possible. {-depends-on The test detects
hypersensitivity to mallein in infected horses-being-hypersensitive-to-mallein. However, advanced clinical
cases in horses and acute cases in donkeys and mules may give inconclusive results requiring additional
diagnostic methods. In addition, transient seroconversion after mallein injection has been demonstrated
in healthy uninfected horses, resulting in false positive CFT results.

The intradermo-palpebral test is the most sensitive, reliable and specific mallein test for detecting infected
perissodactyls or odd-toed ungulates, and has largely displaced-replaced other methods. The test
involves the intradermal injection of 0.1 ml of cercentrated-mallein PPD is-injected-intradermally-into the
lower eyelid-and-the-test. The reaction is read at 24 and 48 hours. A positive reaction is characterised by
a marked oedematous swelling of the eyelid, and-there-may-be-possibly accompanied by a purulent
discharge from the inner canthus or conjunctiva—TFhis-is—usually-accompanied-by and a rise in body

temperature. With-A negative response—there-is-usually-ne-reaction typically shows minimal or erly-a
fithe-no swelling-ef-the-lowerlid.

No data are available fer-on the use of this-mallein PPD ferin equids with melioidosis.
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C. REQUIREMENTS FOR VACCINES AND DIAGNOSTIC BIOLOGICALS
There are no vaccines are-available-foragainst glanders or melioidosis.

Mallein PPD is available commercialy-

from institutes such as the Central Veterinary Control and Research Institute,
06020 Etlik, Ankara, Turkey or the Pasteur Institute, Bucharest, Romania, Calea Giulesti 333, C0d:060269, Sector 6
(aprovizionare@pasteur.ro). The following information outlines the requirements for the production of mallein PPD.

1. Seed management

Mallein PPD is produced using three strains of B. mallei-are-employed-in-the-production-of-malleinPRPD—namely
Bogor strain (eriginating—from-Indonesia), Mukteswar strain (India) and Zagreb strain (Yugoslavia). The seed

material is kept as a stock of freeze-dried cultures. The strains are subcultured on te-glycerol agar at 37°C for 1—
2 days. Fermaintaining To maintain virulence and antigenicity, the strains may-can be passaged in guinea-pigs.

2. Production

Dorset-Henley medium, enriched by the addition of trace elements, is used for the production of mallein PPD. The
liquid medium is inoculated with a thick saline suspension of B. mallei, grown on glycerol agar. The production medium
is incubated at 37°C for about 10 weeks. The bacteria are then killed by steaming for 3 hours in a Koch’s steriliser. The
fluid is then passed through a layer of cotton wool to remove coarse bacterial clumps. The resulting turbid fluid is
cleared by membrane filtration, and one part trichloroacetic acid 40 % is immediately added to nine parts culture filtrate.
The mixture is allowed to stand overnight during which the light brownish to greyish precipitate settles.

The supernatant is decanted and discarded. The precipitate is centrifuged for 15 minutes at 2500 g and the layer
of precipitate is washed three or more times in a solution of 5% NaCl, pH 3, until the pH is 2.7. The washed
precipitate is dissolved by stirring with a minimum of an alkaline solvent. The fluid is dark brown and has a pH of
6.7. This mallein concentrate is centrifuged again and the supernatant diluted with an equal amount of a glucose
buffer solution. The protein content of this product is estimated by the Kjeldahl method and freeze-dried after it has
been dispensed into ampoules.

3. In-process control

During the period of incubation, the flasks are inspected regularly for any signs of contamination, and suspicious
flasks are discarded. A typical growth of the B. mallei cultures comprises turbidity, sedimentation, some surface
growth with a tendency towards sinking, and the formation of a conspicuous slightly orange-coloured ring along the
margin of the surface of the medium.

4. Batch control
Each batch of mallein PPD is tested for sterility, safety, preservatives, protein content and potency.
Sterility testing is performed according to the European Pharmacopoeia guidelines.

The examination for safety is conducted on five to ten normal healthy horses by applying the intradermo-palpebral test.
The resulting swelling should be, at most, barely detectable and transient, without any signs of conjunctival discharge.

Preparations containing phenol as a preservative should not contain more than 0.5% (w/v) phenol. The protein
content should be no less than 0.95 mg/ml and not more than 1.05 mg/ml.

Potency testing is performed in guinea-pigs and horses. The animals are sensitised by subcutaneous inoculation
with a concentrated suspension of heat-killed B. mallei in paraffin oil adjuvant. Cattle can also be used instead of
horses. The production batch is bio-assayed against a standard mallein PPD by intradermal injection in 0.1 ml
doses in such a way that complete randomisation is obtained.

In guinea-pigs, the different areas of erythema are measured after 24 hours, and in horses the increase in skin
thickness is measured with callipers. The results are statistically evaluated, using standard statistical methods for
parallel-line assays.
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and validation of a chemiluminescent western blot assay for glanders
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Rationale: Recommend adding the above reference which provides information on
the recent development and evaluation of an equivalent alternative immunoblot assay
method for detecting glanders. This assay method may benefit some diagnostic
laboratories, particularly those performing high-volume testing.

See corresponding chapter comment for further detail.
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*

*  *

NB: There are WOAH Reference Laboratories for glanders (please consult the WOAH web site:
http://www.woah.org/en/scientific-expertise/reference-laboratories/list-of-laboratories/).
Please contact the WOAH Reference Laboratories for any further information on
diagnostic tests, reagents and diagnostic biologicals for glanders
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