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Chapter 10verview of Melioidosis

Chapter Overvievand Introduction to Melioidosis

Thischapter provide a brief overview of melioidosia neglected tropical diseases (NTD)
endemic throughout many tropical and subtropical regions of the wdirladas first

described in a series of 38 patients in Myannmat912 Preliminary atopses of the

patientsa K2 g SR I aLISOdzZ Al NJ OKSSae O2yaz2ftARIFIGA2YyE
aLd SyAO I 0aCRBamstéining [Burkhdideria yhIgit A 1 S (Whit@Qdve & A £
Krishnaswami 1912Y he infection was termed melioidosis in 193&tanton & Fletcher

1921) Recentmodelinghassinceestimated thatmelioidosiskills more people every year
globally than diseases that are consideraidyter recognizedincludingdengue and
leptospirosisThe diseasstill frequently goes undiagnosed in resowmeor settings,
meaning that the true burden dhfectionis likdy greater than what is currently

acknowledged (Limmathurotsakul et al. 2016).

Etiology

Melioidosis is caused liie environmental bacteriumBurkholderia pseudomalléCheng &
Currie D05) B. pseudomallds a grarmegative, oxidas@ositive, motile bacillus with a
OKIF NI OG SNXR & (i-por) appearnSeiupon stifiniig. Thé bakterium grows well
under aerobic conditions in an optimal temperature of&2°C on routine cultureedia,
though selective Ashdown or TBSS0 media is typically required to iatd the bacterium
from sites with normainicrobiotaor from the environment{Wuthiekanun et al. 1990)
Colonies have a characteristically wrinkled morphology and metallic appearance with a
characteristic earthy odofFoong et al. 2014; Wiersinga et al. 20)pseudomallés
innately resistant to many antibiotichcluding macrolides, narrogpectrum

cephalosporinsthe majority ofpenicillins, polymyxins, andranoglycoside¢Currie 2015)
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For environmental specimens, differentiation frahe avirulentbut closely related species,

B. thailandensigs donebased orthe ability to assimilate-arabinosg(Chaiyaroj et al. 1999)

F‘&__ TR 1,-?~ t ‘_‘“':;:”

Figurel- Typical Gram stain with Granegative lipolar appearance and characteristic dry,
wrinkled morphology on Ashdown agar (Images courtesy of Menzies School of Health

Research).

Epidemiology

Global Known and Predicted Occurrence

Melioidosis has recently been recognized as a significant source of global morbidity and
mortality, with one recent model estimating 165,000 human cases and 89,000 deaths to
occur annuallyvorldwide (Limmathurotsakul et al. 20167 he vast majority of cases are
diagnosed in Southeast Asia and Northern Australith these two regions representing
hyperendemic areas of the worl(Currie et al. 2008)'hailand has by far the largest number

of culture-confirmed cases of melioidosis, with 2,000 to 3,000 individuals diagnosed with the
infection each year, most of which are reported in the northeasf@ovinces(Chaowagul et

al. 1989;Limmathurotsakul et al. 201QYVith recent advancements in diagnostic facilities
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and better awaeness of the disease, th& pseudomalleendemic region has now been
expanded to include parts of southern China, Taiwan, Malaysia, Indonesia, as well as a
significant portion of the Indian subcontine(@heng & Currie 200Bance 1991)Here,

recent modelling by Limmathurotsakul et al. (2016) projeateore than 50,000 cases to
occur per annum. Escalating numbers of endemic infections also continue to be reported
from the Philippines, Papua New Guinea, and the Pacific Ocean islands of New Caledonia.
Cases of melioidosis are increasingly being docunukefnten elsewhere outside the classic
endemic regioras a result of improved clinical surveillance and laboratory diag(iDaisce

& Limmathurotsakul 2018with occasionatlinicalcasesand environmental isolates dB.
pseudomallereportedin the Middle East, Africaeveralindian Oceamand Caribbean

islands as well as Central drSouth AmericBenoitet al. 2AL5; Currie 2015; Hall et al.

2019; Sarovich et al. 201&poradic cases from Europe and the USA are mostly considered
to be travelrelated, thoughrecent human cases reported in Texas, USA suggest possible
endemicity n the region(Birnie et al. 2019; Cossaboom et al. 202@uristsfrom

nonendemic regions of the globsith diabetes and cystic fibrosis asean increasedt risk
particularlyif exposed to rainy season soil aseverestorms(Currie 2003Geake et al. 2015;

O'Sullivan et al. 2031

Despite recent advancements, melioidosis still frequently goes undiagnosed in resource
poor settings, meaning that the true burden of disease is likely greater than what is currently
acknowledgedLimmathurotsakul et al. 2016§lobal climate change and extreme weather,
combined with urbanization and alteration swil composition, may cause an increase in the

incidence and the geographical spread of melioidosis.
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Figure2- Evidencebased consensus for presenceBofpseudomalleand recorded

geographic locations of melioidosis infection (Limmathurotsakul et al. 2016).

Routes of Exposure

Infection withB. pseudomalldiypically occurs via percutaneous inoculation, inhalation, or
ingestion of contaminated soil or waté€heng & Currie 2005)nmost regions, the disease
is highly seasonal, with rainy season peaks correspondihghigher infection rates.
Vertical and sexual transmissi¢phatrimontrichai & Maneenil 2012yoonotic transmission
from animals with melioidosi@ow Choy et al. 200@nd transmission to laboratoistaff are
very uncommon but have been document@enoit et al. 2015Green& Tuffnell1968;

Schlectet al. 1981).

Inoculation withB. pseudomalletontaminated soil is considered to be the pam route
of melioidosis infection in humans, though further habitats for the bacterium and other

potential sources of infection have been revealed in recent y@ausrie et al. 2010)
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Ingestion is nowecognized abeinga common route of infection in animals astlidies

from Southeast Asiaavesuggested that ingestion &. pseudomalldiom unchlorinated
drinkingwater supplies and othdreshwater sources may be more common in humans than
previouslyacknowledgedCurrie et al 2013;immathurotsakul et al. 2013; Zimmermann et

al. 2018) Outbreaks of melioidosis in Australia have been associatedByiseudomallei
contaminated drinkingvater supplies with the implicated water sources shown to be
unchlorinated or containing inadequate levels of chlor{@airrie et al. 2001; Inglis et al.

2000; McRobb et al. 2015Jhough humasto-human transmission is rare, a reported case of
transmission to an infant from a mother with melioidosis mastitis via ingestion of breast milk
hasbeen describedRalph et al. 20045as has minstance ofpossible sexual transmission

(McCormicket. al 1975)

Inhalation via contaminated aerosols h&lsobeen recognized as a significant source of
infection (Currie et al. 2015)These cases typically follow severe weather events, such as
cyclones and typhoons, and may be associated with increasedsdiseaerityCurrie &
Jacups 2003; Parameswaran et al. 20D2)ying severe weather events such as tropical
monsoonal storms or cyclones, inhalatioray becomeamore prominentroute of B.
pseudomalletransmissiorand infection(Cheng et al. 2006; Mu et al. 2018judiesfrom
northern Australia and Taiwan have demonstrated an association betéweoccurrence of
cases and the timingand severityof rainfaltrelated eventgKaestliet al. 2016; Lam et al.
2012) Melioidosis pneumonia was also documented in patients after the December 2004
Indian Ocean tsunamiVhile thesecases wer¢hought to be primarilyassociated with
aspiration events, inoculation via lacerations in the skin may have also oc¢Afhedrth
2005; Chierakul et al. 2005 ollectivelythis suggests that cases of inhalational melioidosis
could increase if currengredictions about the growing number and severity of weather

related events are realizgChen et al. 2015; Liu et al. 2015)
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Figure3- Routes of exposure tB. pseudomallén the environment

RiskFactors

Approximately80% of patients diagnosed with melioidosis have one or more risk factor for
the diseasehoweverin children, whamake up5-15% of cases, identified risk factors are
much lesdrequent(McLeod et al. 2014piabetes mellitugs themost common risk factor

predisposing individuals tmelioidosisandis present in >50% of all patienf&hosewith
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diabetes mellitusare thought tohave a 1Zold higher risk of melioidosigfter adjustingfor
age, sex and othatiseasespecificrisk factory (Currie et al. 2004; Limmathurotsakul et al.
2010 Wiersinga et al. 20)8Individuals with regular exposure to mud and surface water,
such as rice farmers, are particularly susceptiegpecially during the rainy season

(Limmathurotsakul et al. 2013)

People with the following conditions are at increased risk for developing melioif@sise
2008)

1. Diabetes (the strongest risk factor)

2. Excessive alcohol use

3. Chronic lug diseases, especially cystic fibrosis

4. Chronic liver disease

5. Chronic kidney disease

6. Malignancy, especially if on chemotherapy

7. Other forms of immunosuppression, especially lbegn corticosteroid use

8. Thalassemia
Disease severity andimicalmanifestationsare influenced byhe route of infection,
virulence of the infecting. pseudomallestrain, bacterial loadand mostsignificantly host
risk factors Infection with HIV (human immunodeficiency virus) does not appear to
predispose an indidual to development ofthe diseas€Wiersinga et al. 2018Peath from
melioidosis, particularlin those withoutknownrisk factorsis extremely uncommowith

prompt diagnosis, appropriatantimicrobial therapyand effective sepsisnanagemen.

Chapter Summary
This precedinghaptergives a brief overview of melioidosis and its causative agent,

BurkholderigoseudomalleiMelioidosisa still frequently unerdiagnosed irmanysettings,
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meaning that the true burden ofisease is likely greater than what is currently
acknowledgedThe reasons for thiare numerous, including the fact that it mainly affects
the disadvantaged rural podn areaswithout the necessargiagnosticfacilities The disease
is likely to become nre frequentin the yeardo come agisk factors, such abe prevalence

of diabetes as welthe number and sevety of weatherrelated eventdegin toincrease.
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Chapter 2: Clinical Presentations and Disease Progression

Chapter Overview

Thefollowing chapter discusses common clinical manifestations of melioidosis in humans
and animals and the current recommended treatment guidelines. Control measures for the
disease are also described. Sinobl awareness of melioidosslimited,particuarly in
poorly-resourced countriegrimary prevention should involve education about minimizing
exposure to wet season soils, surface water, and aerosols generated during severe weather
events. This is especially important for higgk groups, such asabetics, patients on

immunosuppressive therapy and those on ldgegn steroid treatment.

Disease Progression in Humans

Infection occurs in all age groups, although only a small percentage of cases are diagnosed in
children, many of whom have relativelyilth localized infectionéMcLeod et al. 2014)he

majority of cases are diagnosed in adults aged 40 to 70 years, who tend to present with

more severe infectionfCurrie et al. 2010; Suputtamongkol et al. 1994je incubation

period of acute infections is usually between 1 and 21 days, with a median of nine days
(Currie et al. 2000More severe disease often has shorter incubation tiued is thought

to occur following inhalation or aspiration of contaminated waf€hierakul et al. 2005)
Melioidosis mortality rates have been demonstrated to be50086 with proper treatment
(Wuthiekanun & Peacock 200&hd death can occur within the first 48 hours of hospital

presentation as a result of septic shdtkmmathurotsakul et al. 2010)

While rare, it is possible for the disease to remain latent in some individuals, wittatlin
symptoms delayed by several months to yeaegore melioidosis develop#ctivation from

latency has been estimated to account for <5% of all melioidosis (@sese et al. 2010).
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Reported latency periods have ranged from 19 years to 29 years (Gee et al. 2017)
suggestind. pseudomallgnay enter a dormant state to evade immune surveilla(&dler
et al. 2009) The site of latency and meshisms by whiclB. pseudomallesurvives
undetected remain uncertain, although there is evidence to suggest that some
immunocompromising conditions may lead to activation of a latent infeqii@&an 2005;

Jabbar& Currie 2012).

ClinicalPresentations in Humans

Disease manifestations vary from localized abscess or pneumonia to acute septicaemia, or
may present as a chronic infection, though specific clinical presentations and severity may
differ depending on the route of exposure, host imne system, as well as bacterial strain
specific virulence factors and inoculating d@¥éiersinga et al2018) While those infected
frequently present with a septic iliness, including pneumonia and disseminated hepatic,
splenic and other organbscesses, the disease can exhibit a diverse range of symptoms,
AAGAYA NRAS G2 Alda yA(CEstaIS88)hit@l bacteral ¢ INBF G YA YA
multiplication at the site of etny may lead to a local lesion such as skin sore, abscess
formation, or to pneumonia following inhalation. The progression of the disease is very
variable, with some patients developing acute, fulminating infection and others developing
chronic, indolentgranulomatous lesions, which may occasionally be asymptorti€itigsley

et al. 2016)

Cutaneous melioidosis often presents with a solitary lesion at the site of inoculation and
failure to respond to standard anstaphylococcal/antstreptococcal antibioticéCurrie et al.
2010; Suputtamongkol et al. 199%jisceral abscesses are commonly documented in the
spleen, liver, adrenalparotids kidneys,and the prostate. Skin involvement is seen more

frequently in children (60%) than in adults (13%irrie et & 2010; McLeod et al. 2014)
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Cutaneous melioidosis may resolve spontaneously in some patients, but in others the
organism may spread via the bloodstre@r lymphatic system, leading to pneumonia and

secondary abscessédcLeod et al. 2014)

Figure 4 An ulcerated cutaneous lesion on the right ankle of a patient with melioidosis

(Image courtesy of Menzies School of Health Research, Australia).

Most cases (85%) of melioidosis result in an acute infection. Apart from those with
cutaneousonly melioidosis, the majority of these patients (regardless of the route of
infection) present with bacteremia with or without pneumonia, and/or localized ebses.
Of these, approximately 20% develop septic shaodr{ality up to 90%). In endemic regions
acute pneumonia, particularly with upper lobe consolidation, may justify further

investigation of melioidosi@éMeumann et al. 2012; Wiersinga et al. 2028hile
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rare,osteomyelitis and septic arthritis have been described resulting from penetriujingy
or haematogenous dissemination. Additionally, mycotic vascular aneurysms, pericarditis,

mediastinal masses, orchitis, and scrotal abscesses have been reported as clinical

manifestations of the diseag€heng & Currie 2005; Currie et al. 2010)

Figure 5CT imaging showingultiple nodules in both lungs (top) and hypoechoic nodules in

the liver and spleen (bottom) (Sukauichai & Pattarowas 2020).

There are several notable differences in presentation between patients in northern Australia
and Southeast Asia. Suppurative paist accounting for up to 40% of cases of melioidosis in
children in Thailand and Cambodia, is very rare in Aus{@liang & Currie 2005n

Australia, prostatic melioidosis is a more common clinical manifestation and is present in up

to 20% of male patients. Neuagjic melioidosis also occurs more frequently in Australian
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patients and typically manifests as brainstem encephalitis, often with craerak palsies
(especially cranial nerve VII), or as myelitis with peripheral motor weak@Gessge et al.

2010; McLeod et al. 2014Current mortality rates for melioidosis are approximately 40%
northeast Thailand (35% in childregfymmahurotsakul et al. 20109nd less than 14% in
Australia(Currie 2015)This difference is likely due to a combination of access to diagnostic
facilities and melioidosispecific antibiotics, as well as stadéthe-art intensivecare and

severe sepsis management of patients.

While most patients develop acute melioidosis following recent infection, some individuals
can develop chronic meliaigis (symptoms >2 monthshronic melioidosis can mimic
pulmonarytuberculosis in that the infection ay or may not be disseminated and cavitary
lesions in the upper lobes of the lungs can be seatisseminated infections. In a 3@ar
prospective Australian study, chronic infection occurred in 11% of ¢&sese 2016)
Recurrent melioidosis can also occur, often in the first year after initial present@iomie
2015) Recurrent melioidosis following therapy can be defined either as relapse (with
moleculartyping showing the same strain) or-n&ection with a new strain. Relapse
correlates with duration of and compliance with the eradication therapy as well as severity
of initial infection. In the past, recurrence was found to occur in as many3%3of
melioidosis patients. Improved antibiotic therapy and longer courses of treatment have
significantly reduced the overall recurrence rate to as low ag72&{Chetchotisakd et al.
2014; Rachlin et al. 2016; Saialvet al. 2014)Approximately a quarter of recurrences are
due to reinfection while the remainder are due to relapse from a persistent focus of

infection (Limmathurotsakul 2008).
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Figure 6 Possible clinicahanifestations of melioidosis in humarimages courtesy of Bart

Currie, Menzies School of Health Research, Darwin, Australia)
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Disease Progression and Clinical Presentations in Animals

In melioidosisendemic areas, the disease has been identified inde \airay of species
including livestock, domestic pets, and exotic imported anirflaleamathurotsakul et al.
2012; Low Choy et al. 2000; Sprague & Neubauer 20@Hie infection can occur in native
wildlife, these animals are typically resistant to disease, with an underlying
immunosuppressive condition usually accountable for infecfidsche 1991; Egerton 1963;

Low Choy et al. 2000)

Certain species are acknowledged to be particularly susceptible to infection and disease,
including goatgTonpitak et al. 2014sheep(Cottew 1950) camelgForbesFaulkner et al.
1992) alpacagLow Choy et al. 2000and marine mammal@icks et al. 2000Exotic

animals imported to endemic regions appear especially at risk, matstbly norhuman
primates, including iconic species such as gorillas and megRatslin et al. 2019; Sim et

al. 2018) Several cases have also been documented in green iguapadedto the USA

and Ewope from diseaseendemic regions, highlighting the potential rolestbpeciegnay
playas a reservoifor B. pseudomallgElschner et al. 2014; Hellebuyck et al. 2018; Zehnder
et al. 2014)Although rare, outbreaks have also been described in endeminand

endemic regions, including piggeries in Queensland, Aus{kigerer et al1986) in

imported sheep, goats and pigs from Aruba (Netherland Antilles) and in a Pa(3am® et
al. 1992) Regular outbreakdescribedn intensive livestock farms and in zoos indicate that
stressful conditions makgad tothe initiation of disease onset, especially in Amative
speciesWhile cases of animal melioidosis are frequently described throughout Northern
Australia, cases from Southeast Asia and other endemic countries lacking contemporary

diagnostic facilities & very rarely reportedLimmathurotsakul et al. 2012)
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Similar to humans, melioidosis is most likely to occur after heavy rainfall or soil disturbance,
resulting in exposure to the bacterium. Animals can also become infected by ingesting
contaminated water or soil and inhaling contaminated aerosolsnduinieavy rainfall or

strong winds. Additionally, infected animals may further spread the bacterium through

contact with wounds, nasal secretions, milk, faeces and {&peague & Neubauer 2004)

Clinical presentations of melioidosis in animals varies based on species. Symptoms can
include depression, fever, weight loss, respiratory symptoms such as heavy breathing and
sreezing, lameness and swelling of the joints, and death. Symptoms of melioidosis in

particular species include (Merck Vet Manual 2016):

Animal Susceptibility Common Symptoms

Respiratory disease is common. Signs inclu
cough, respiratory distress and discharge
from nose and eye. Some sheep become la
and have swollen joints.

Sheep Very susceptible

Pneumonia is common with symptoms

including severe cough, respiratory distses
Goats Very susceptible and discharge from nose and eye. Lamenes
anorexia, neurological symptoms and mastit
are also frequently reported.

Respiratory disease with coughing, nasal
discharge and difficulty breathing is camon.
Very susceptible Hindleg weakness, lack of coordination,
wasting and acute disease with death have
been reported.

Camelidgcamels,
llamas, alpacas):

Adults typically develop few clinical
symptoms. Wasting, nervous signs such as
lack of coordination, skin ulcers adéarrhoea
Pigs Moderately susceptible have been all been reported. Juvenile pigs
may develop acute infection with fever,
anorexia, coughing and discharge from the
nose and eye.

Symptoms may include weakness, wasting,
swelling of the limbs, colic, diarrhoea,

coughing and nasal discharge. Skin infectio
resembling fungal eczema can later become

Horses Moderately susceptible
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papular (blistedike lumps). Acute disease
with high fever, limb swelling, diarrhoead
death have also been reported.

Cat

Less susceptible

Abscesses have been reported in various
organs in cats. Jaundice, anemia, neurologi
disease and osteomyelitis have also been
described.

Dog

Less susceptible

Curdlike nodules or abscessesany organ.
Blood infection, fever, diarrhea, and
pneumonia have been described. Skin lesio
and inflammation of the lymphatic system
can occur, as well as loss of appetite, muscl
pain, and swelling of the limbs.

Cattle

Less susceptible

Melioidosis isarely reported in cattle. Signs
in those reported include fever, difficulty
breathing and nervous symptoms.

Birds

Less susceptible

Birds appear to be relatively resistant to
infection. Cases with lethargy, anorexia and
diarrhoea leading to death havmeen
described.

Table % Clinical symptoms of melioidosis in common domesticated and farmed anjbuails

Choy et al. 2000; Merck Vet Manual 2016; Sprague & Neubauer.2004)
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Figure 7 Gross pathology of melioidosis in meerkats. (a.) Typical ulcerative skin lesions
(arrows). (b.) Stomach (asterisk) showing severe haemorrhage and purulent exudate in
adjacent mesentery. (c.) Multifocal suppurative lesions throughoutittes. (d.) Lung with
abundant coalescing red foci, representing severe, diffuse embolic showering of the lung

(Rachlin et al 2019).

Treatment in Humans

Treatment for melioidosis consists of an initial intravenous intensive phase (Table 2) that
lasts forapproximately 14 days (though this can be longer when clinically indicated) and an
oral eradication phase (Table 3). Appropriate oral eradication can dramatically decrease the

risk of relapse, which can occur when intravenous antimicrobial drugs onlysace
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Without eradication therapy, patients have a high risk of relapse and may develop serious
disease with high mortality rates similar to those for primary infection. The relapse rate after
completing the full eradication treatment is approximately 1@t this can increase to 30%

if oral treatment regimen is taken for less than eight we@Rsaowagul et al. 1999; Lipsitz et

al. 2012) Other studies have found that failure to complete at least 12 weeks of treatraent

a primary determinant in disease relap@hetchotisakd et al. 2014Recent studies from
Australia support longer initial intravenous therapy (4 to 8 weeks or longer) for complicated
pneumonia, deegseated infection including prostatic abscesses, neurological melioidosis,

osteomyelitis and septic arthritis (Pitman et al. 2015).

Intensive-Phase Antibiotic Treatment

Intravenous ceftazidime or meropenem are the preferred agents used during the intensive
phase of treatment. Duration of therapy should be determined by the nature and severity of
clinical presentations but should be given for a minimum afl¥0daygCurrie 2015)This

should be increased for severely ill patients, including those with extensive pulmonary
disease, deeseated collections or organ abscesses, osteomyelitis, septic arthritis, or
neurological melioidosis (Table @mith et al. 2018)n resourcepoor settings it may not be
affordable to extend intensivphase treatment duration, but a minimum of 10 to 14 d&y/s
recommendedDance 2014; Lipsitz et al. 201R) this situation, completing a full course of

oral eradication therapy is essential.

In patients with a collection (including skin ulcers/abscesses and abscesses in internal
organs)and in bone/joint, genitourinary, or in CNS infections (but not for pneumonia),
intravenous or oral trimethoprim/sulfamethoxazole may be add€tierakul et al. 2005;
Currie 2015)If trimethoprim/sulfamethoxazole is included, it should be continued for the

entire duration of the intensivgphase treatmat.
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Repeablood cultures in any bacteremic patient on day 7 of treatment and then weekly until
negative Patients with persistent bacteremia should have repeat blood cultures every 2
days after the start of antimicrobial therapy until negative. A repeat positive blood culture
after >1 week of antimicrobial therapy typically indicates extensive bacteriakbund

possible treatment failure, as does deterioration of clinical condition (worsening sepsis with
organ dysfunction after 48 hours of therayjpsit et al. 2012)Patients with persisting
bacteremia or failure to respond to therapy should be examined for any undrained
abscesses, and a switch from ceftazidime to meropenem should be considered for those on
ceftazidime. Treatment failure is not noritharelated to the emergence of antimicrobial

drug resistance (Lipsitz et al 2012). MICs should be performed where there is persistent or
recurrent culture positivity (such as bytdst), in order to assess whether acquired

resistance has developed.

Table2- Recommended antimicrobials and dosages for initial intravenous intensive phase
treatment of melioidosis*Asterisk denotesagent of first choiceNOTEMeropenem is often
restricted to those requiring intensive care therapy, with ceftazidime usedifottzers.!In

neurological melioidosis meropenem dose should be doubletDtog/kg/dose up to 2g-8

hourly.
Drug Patient DosageRoute Frequency
Adult Up to 2 g/kg Every 8 h, or 6 g/d byj
*Ceftazidime intravenous continuous infusion
: 50 mg/kg after a 2g bolus for at
Child .
intravenous least 14 days
Up to 1 g/kg
Adult i
OR Intravenous Every 8 h for at least
Meropenem - 25 mg/kg 14 days
' intravenous
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Adult, >60 320/1600 mg
kg orally/intravenously
Adult, 46;60 240/1200 mg

For neurological melioidosiesteomyelitis
and septic arthritis, genitourinary
infection including prostatic abscesses,

Twice daily

Three times daily

and skin and soft tissue infectians kg orallyfintravenously
ADD Adult, <40 160 /800 mg Twice dail
Trimethoprim/Sulfamethoxazole kg orally/intravenously wice cary
AND

6 mg/30 mg/kg

orally/intravenously wice daily

Folate (0.1mg/kg up to 5mg) PER DAY  Child

EradicationrPhase Antibiotic Treatment

Oral trimethoprim/sulfamethoxazole is the treatment of choice during the eradication phase
of treatment(Chetchotisakd et al. 2014; Dance 2014, Lipsitz et al. 2&t&}lication therapy
should be continued for a minimum of 3 months post cessation of IV therapy but can be
extended to 6 months if neotogical melioidosis, osteomyelitis or vascular mycotic
aneurysms are present. Some patients with localized disease (should be confirmed by
imaging to exclude other foci) who are systemically well may be safely treated with oral
eradication therapy alonéDance 2014; McLeod at. 2014) Simultaneous administration of
folic acidshould be considered when giving trimethoprim/sulfamethoxazole in high doses

@S NA

X«

F2NI I f2y3 RdAzNF GA2y (2 NBRdAzOS L2 {Sy-ilate £ |
effect (e.g., bone marrow toxicity). Alternatibeit inferior eradication therapy fothese

patients isdoxycycline omamoxicillin/clavulanic aci{Cheng et al. 2008)

Table 3Recanmended antimicrobials and dosages for oral eradication phase treatment of

melioidosis*Asterisk denotesgent of first choice.
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Drug Patient Recommended Dosage/Frequency
Adult,>60 kg 160 mg/800 mg tablets: 2 tablets every 12 h
Adult, 4@;60 80 mg/400 mg tablets: 3 tablets every 12 h
kg

Trimethoprim/sulfamethoxazole* 160 mg/800 mg tablets: 1 tablet every 12 h

AND Folate (0.1mg/kg up to 5mg) PER D/ Adult, <40 kg OR
80 mg/400 mg tablets: 2 tablets every 12 h
6 mg/30 mg/kg; maximurdose 320 mg/1,600

Child mg every 12 h

ORDoxycyclineadults& children12 years or oldet00mgevery 12 hours

ORAmoxicillin/clavulanic acid (co

amoxiclav)

Adult, >60 kg 500 mg/125 mg tablets: 3 tablets every 8 h
Adult, <60 kg 500 mg/125 mg tablets: @blets every 8 h
Child 20 mg/5 mg/kg every 8 h; maximum dose 1,0(

mg/250 mg every 8 h

Table 4 Recommended duration of antibiotic treatment of melioidosiglse clinical

judgement to guidedurationif improvement is slow or blood culturese stillpositive dter

7 days? Enlargement of any hilar or mediastinal lymph noelEdmm diameterAbscess

anywhere other than skin, lungs, bone, CNS or vasculdtieneis thedate of most recent

drainage of collection where culture of the drainage g@wpseudomaller where no

specimen was sent for culturéme is not reset if drainage is culteinegative. Where

simultaneous oral therapig not indicatedduringthe intensive phase, oral eradication

therapyshouldbeginduringthe start of thelastweek of intensive intravenous theragy.

May require ife-long suppressive antibioticeatmentif vascular prosthetic surgery

performed(Sullivan et al. 2020)
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Site of Infection

Minimum Intensive
Phase Duration

Eradication Phase
Duration (Monthg®

(Weeks}
Skin abscess 2 3
Bacteraemia without focus 2 3
. . . . b
PneumonidCU admitORmediastinal lymphadenopathy
ORbacteremia and bilateral or unilateral multbar 4 3
pneumonia
Pneumonia wittbacteremia and pneumonia but only a
single lobe involve®Rbilateral or unilateral multiobar 4 3
pneumonia but not bacteremia
All other pneumonias 2 3
Deep seated collectidn 44 3
Septic arthritis 44 3
Osteomyelitis 6 6
Central nervous system infection 8 6
Mycotic aneurysm or other arterial infectibn 8 6f

PostExposure Prophylaxis

If highrisk laboratory exposure tB. pseudomalledccurs, posexposure prophylaxis (PEP) is

recommended. The firdine recommended PEP is oral trimethopgsulfamethoxazole

(Table 5Peacock et al. 2008ophylaxis should last forl2days. It is important that the

potential benefits of PEP are considered before commencing, since trimethpprim

sulfamethoxazole can have severe adverse side effects. Faidkwxposure incidents

decision to begin prophylaxis should be based on tles@nce of known risk factors for

melioidosis in the exposed staff. Individuals with disease risk factors should be advised to

start PEP. If staff have no known risk factamsnitoring for the development of symptoms

or seroconversion is normally suffinig(Lipsitz et al. 2012; Peacock et al. 20&&)e Chater

4 for more detail abouB. pseudomallédiosafety and high and low risk exposure incidents in

the laboratory.
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Table 5 Recommended. pseudomallgiostexposure antibiotic prophylaxis. *Asterisk

Drug Dosage Frequency

TMRSMX orally 80 mg/kg
2 x 160800mg (960mg) tablets if more

Trimethoprim than 60kg, 3 x 8@00 (480mg) tablets if

40kg60kg, and 1 £60-800mg (960mg) Every 12 hours
sulfamethoxazole™ | 2%\ 'sai00 (480mg) tablets if adult

less than 40k&LUS

Folate 0.1mg/kg up to 5mg PER DAY
ORDoxycycline Adults& children 12 yearand olderlOOmg | Every 12 hours
ORAmoxicillin 20/5 mg/kg/dose (or 3 x 500/125 tabs) if >6

Every 8 hours

clavulanic acid kg, and 2 x 500/125 tabs if <= 60kg

denotes first choice treatment agefPeacock et al. 2008)

Antimicrobial Drug Resistance

B. pseudomallas naturally resistant to many antimicrobial agents and should be considered
when selecting an appropriate therapy. Antimicrobial agents that are considered unsuitable
for treatment include penicillin, ampicillin, first and second generation cephalosporins
gentamicin, tobramycin, streptomycin, macrolides and polymyxins. Of note, clonal groups of
isolates susceptible to gentamicin are common in Sarawak, MalBitn et al. 2014;
Wiersinga et al. 2018Primary ceftazidime resistance is thought to be rare but can occur

naturally (<1%fLipsitz et al. 2012)

Prevention and Control in Humans

Public awareness of melioidosis, particularlyp@orly-resourcedcountrieswith limited

diagnostic capabilitiesnay belimited and preventive apprazhes are not always adopted.
Primary prevention in endemic regions should involve education about minimizing exposure

to wet season soils, surface water, and aerosols generated during severe weather events.
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This is especially important for higisk groupssuch as diabetics, patients on
immunosuppressive therapy and those on ldegn steroid treatment. Patients with cystic
fibrosis should also consider avoiding travel to areas of high endemicity during the rainy
season (Boyd et al. 2016urrie 2016)Closed footwear and gloves should be recommended
to gardeners in highly endemic areas, and guidelines for the prevention of melioidosis in
Thailand suggest that certain occupations such as rice farmers as well as travehers to
region should wear protective equipment if direct contact with soil or water is unavoidable
(e.g., boots and glovesy(ntornsut et al. 2020Wounds or sores that have come into direct
contact with soil or water should be thoroughly rinsed and clehieprevent infection. In
higher risk individuals with underlying medical conditions, the cessation of smoking is
advised, and the application of herbal remedies or organic substances to wounds is

discouragedLimmathurotsakul et al. 2013)

Figure 8 Various types of boots recommended for the prevention of melioidosis in rice

farmers: Wellington boots (a), owe-knee boots (b), hip boots (c) and hatidy waders

(d) (Suntornsut et al. 2016).
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While appropriate chlorination of drinking water has been shown to be effective at
preventing melioidosis outbreaks in Northern Australia, in resoyaa countries where
water is untreated, drinking supplies should be boiled before consumBogd et al. 2016;
Howard & Inglis 2003)n highincome countries, ultraviolet light treatment can be
implemented for the remediation dB. pseudomallezontaminated private domestic water
supplies, especially if household individuals are at an increased risk cfonféMcRobb et

al. 2013)

Prevention and Control in Animals

In animals, strategies to prevent potential infection with melioidosis are crucial for highly
susceptible nomative species imported into endemic regions. This is particularly relevant
for exotic species on display in zoos and wildlife parks. Adequakr Watjiene is the
predominant method of melioidosis prevention in endemic areas and animals should have
their water supplies chlorinatefLow Choy et al. 2000y sterilized using ultraviolet light
filtration (McRobb et al. 2013Additional strategies to prevent infection include limiting
access to highisk areas and providing adequate drainage of pens or enclosures to prevent
surface water accumulation. Pens should preferably be condretenade on dry solid

ground while unpenned animals should be removed from the area of contamination
(Fitzpatrick & Kearney 2008)nimals, such as ndrumanprimates imported from
melioidosisendemic areas for laboratory purposes also present a potential occupational
health and safety riskaboratory facilities importing animals from melioidesisdemic

regions should use precautionary measures to avoid pieaxposures, including staff
training in appropriate procedures for handling potentially infected animals, proper use of

PPE and storage of baseline serum samples (Johnson et al. 2013).
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Where animals are bred for human consumption, stringent contrdl disposal of sewage is

necessary to prevent the spreadBfpseudomalldi Y R G KS L2 adairoAftAde 2F |y
transmissiorn(Inglis & Sousa 2009)Vearing gloves and disinfecting contaminated knives are
recommended to prevent transmission during the processing of meat prodkietterer et

al. 1986) Since milk from goats and dairy cows may conBaipseudomallepasteurization

is recommened (Low Choy et al. 2000)

Case Definition Recommended by thé&S.Centers for Disease Control and
Prevention

Clinical DescriptionClinical presentation of melioidosis varies on a dagease basis. The

following characteristics are typical of melioidosis.

a) An acute orchronic localized infection which may or may not include symptoms of
fever and muscle aches. Such infection often results in ulcer, nodule, or skin abscess;
rarely as parotid abscess.

b) An acute pulmonary infection with symptoms of high fever, headache,
breahlessness, chest pain, anorexia, and general muscle soreness.

c) A bloodstream infection with symptoms of fever, headache, respiratory distress,
abdominal discomfort, joint pain, muscle tenderness, and/or disorientation.

d) A disseminated infection with symptaof fever, weight loss, stomach or chest
pain, muscle or joint pain, and/or headache or seizure. Abscesses in the liver, lung,
spleen, and prostate are often observed in patients diagnosed with disseminated
infections; less frequently, brain abscesses mageen.

e) A neurological infection with symptoms of severe and persistent headache and
fever, with or without neck stiffness, confusion and altered sensorium.

Laboratory Criteria for Diagnosis

Confirmed cases
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a) Isolation ofB. pseudomalldirom a clinicabpecimen of a case of severe febrile
illness: Culture of the bacterium may be done from various clinical samples such as
blood, sputum or other respiratory secretions (like endotracheal aspirate), urine,
pus, body fluids (like pericardial, pleural or perieal fluid), throat swab, or
swabs/aspirates from organ infection (bone and joint) or abscesses or wounds.

Probable

a) Evidence of a fourfold or greater riseBn pseudomalleantibody titer between
acute- and convalescerphase serum specimens obtaineckgter than or equal to 2
weeks apart.

b) Evidence oB. pseudomallddDNA (for example, by validated polymerase chain
reaction) in a clinical specimen collected from a normally sterile site (blood) or lesion
of other affected tissue (abscesses, wound).

Case Classifications

Probable:
A case that meets the clinical case definition, one or more of the probable lab criteria, and
one of the following epidemiologic findings:
a) History of travel to a melioidosisndemic regionOR
b) Known exposure t8. pseudomalleas a result of intentional release or occupational
risk (lab exposure).
Confirmed:

A case that is laboratory confirmed with clinical evidence.

ChapterSummary
The following chapter discusses common clinical presentations observed in hughan an
animal cases of melioidosis. Current recommended treatment guidelines and

recommendations for PEP are also described. Sinbéguawareness of melioidoss
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limited, particularly inunderresourced countriesvith limited diagnostic capacityprimary
preventionand control of the diseasghouldaim to increaseducation abouthe infection.
This includes information abominimizing exposure to wet season soil, surface water and

aerosols generated during severe weather events.
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Chapter 3: Handling iim¢ Field and Personal Protective
Equipment (PPE)

Chapter Overview

B. pseudomallés considered a biothreat agent by the U.S. Cerftmr®isease Control and
Prevention (CDC) due its high case fatality rate, difficulty in diagnosis and treatment in
regions where it is not endemic, intrinsic antibiotic resistance, and potential for aerosol
spread. Use of appropriate personal protectivgugment (PPE) is essential to prevent
accidental exposure, whether in the field, or handling culture specimens in the laboratory.
The following chapter describes the minimum PPE recommended for handling potentially

contaminated material or live culture®itainingB. pseudomallei

Minimum PPE for Specimen Collection in the Field

Personal protective equipment (PPE) should be used to protect yourself from accidental
exposure toB. pseudomalleand is an essential part of safely working with the bacterium.
Individuals should wear PPE when working with wet soil and muddy water. This includes
gloves, protective clothing and enclosed footwear. A iittd mask should be worn if
exposed to aerosols generated from muddy water and wet soil. Proper respiratory
protection, such as an N95 respirator, should be considered for areas like water storage
tanks that may contain biofilms or sludge. A surgigaé mask does not protect against
infection. Prior to sample collection, any skin abrasions (e.g., cuts, scratelsems, etc.)
present on skin should be covered using water resistant bandaging. Always avoid any skin
contact with contaminated materials, soil or water. If available, wear long sleeves and long
pants to cover exposed skiwash hands as soon as posgsiafter handling or collecting

specimens or samples and after removing gla¥Resacock et al. 2008)
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PPE for melioidosis clinical and/or environmental specimen collection includes rtoatt i
limited to: long sleeved gowns or aprons, eye goggles and gloves, shoe covers/boots, and a
fitted respirator. The minimal PPE necessary depends on the activity being performed (Table

6).

Table6- Recommended minimum PPE for specimen collection.

Activity Minimum PPE

Use standard precautions as gecalroutine
practice(e.qg., disposable gloves).
Environmental sample collection (soil, waten Disposable gloves, boots or closed shoes th
air, plants, biofilms, sludge) can be disinfected.

Specimen collection from humans aadimals

PPE for Laboratory Diagnostics

Laboratory personnel, particularly those who may handle live cultur& of
pseudomalleiare at risk of laboratoryacquired melioidosis, since the procedures required
to prepare specimens for culture may cause particles to aerosolize and réease

pseudomalleinto the air.

Adequate PPE in the laboratory is important to avoid accidental expde. pseudomallei

and prevent contamination of the laboratory space. Lab coats and gloves should be worn at
all timeswhen handling live culture® prevent any skin from becoming exposed. Lab coats
with a cuff are preferred and should extend the feli¢ith of the arm to the wrist. This

ensures the glove can be pulled past the wrist and over the cuff, covering all skin. If a cuffed
lab coat is not available there are several other ways to ensure the glove extends over the
wrist. Using longer wristed gles or fastening the end of the lab coat to the wrist with a tie

or tape are both options. Eye and respiratory protection should also be used if there is any

possibility of aerosolization or splashing. Procedures that may generate aerosols include
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centrifugation, shaking/vortexing, pouring liquid, opening tubes that contain liquid and
streaking plates. Sealed cups should be used in all centrifuges, and these should be opened
only in a biological safety cabinet (BSC). When working with larger quantitiaspfesor

with liquid specimens, eye protection and respiratory protection should be considered.
Respiratory protection is essential when centrifuging or performng< onB.
pseudomallesuspected or confirmed culturesitside of a BS@HO 2@0; BMBL6™ ed.

2020). Good laboratory practices and use of appropriate PPE will prevent most laboratory
accidents involving exposure B pseudomalleiSee Chapter 4 for further detail &

pseudomallebiosafety in the laboratory.

Putting on and Taking off PPE

It isimportant to use safe lab practices while wearing PPE to protect yourself and prevent
contamination. These include keeping hands away from the face, restricting the number of
surfaces touched and changing gloves regularly. Hand hygiene should be performed
between steps if hands become contaminated and immediately after removing all PPE,
including gloves. Using the correct techniques for putting on and taking off PPE is extremely
important to ensure optimal protection. PPE should be put on and taken ofténtain

sequence to limit the spread of contamination.

Sequence for putting on PPE (see diagram below):

1. Gown (or long sleeves and pants)

2. Boots or boot covers (if requireste guidelines above)
3. Mask or respirator (if requiregseeguidelines above)

4. Goggles or face shield (if requireele guidelines above)

5. Gloves
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Sequence for taking off PPE (see diagram below):

1. Boots or boot covers (if wearing)

2. Gloves

3. Goggles or face shield (if wearing)

4. Gown

5. Mask or respiratorif(wearing)

6. Wash hands or use an alcolialsed hand sanitizer immediately after removing all

PPE

Additional Tips for Glove Use:

w / KFy3aS 3t20Sa AT (2NY 2N KSIF@gAafe az2if SR

w 5Aa0FNR 3t 20Sa |-Fé BsNdsabia §avesy SOSNI g1 aK 2 NJ N

Disposable itms should be placed in a biohazard bag and sealed for disposal, while reusable
items should be decontaminated in a 10% bleach or 70% ethanol solution. Reusable items
typically include rubber boots, face shields and eye protection. These items should be

soked for at least 15 minutes before being rinsed off with water and allowed to dry.
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SEQUENCE FOR PUTTING ON
PERSONAL PROTECTIVE EQUIPMENT (PPE)

The type of PPE used will vary bazed on the level of precautions required, such as standard and contact, droplet or
airborne infection isolation precautions. The procedure for putting on and removing PPE should be tailored to the specific
type of PPE.

1. GOWN

* Fully cover torso from neck to knees, arms
to end of wrists, and wrap around the back

+ Fasten in back of neck and waist

2. MASK OR RESPIRATOR

« Secure ties or elastic bands at middle
of head and neck

Fit flexible band to nose bridge

Fit snug to face and below chin

Fit-check respirator

3. GOGGLES OR FACE SHIELD

* Place over face and eyes and adjust to fit

4. GLOVES

* Extend to cover wrist of isolation gown

USE SAFEWORK PRACTICES TO PROTECT YOURSELF
AND LIMITTHE SPREAD OF CONTAMINATION

* Keep hands away from face
* Limit surfaces touched

+ Change gloves when torn or heavily contaminated
+ Perform hand hygiene
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HOWTO SAFELY REMOVE PERSONAL PROTECTIVE EQUIPMENT (PPE)

EXAMPLE 1

There are a variety of ways to safely ramove PPE without contaminating your clothing, skin, or mucous membranes with
potentially infectious materials. Hera is ona example. Remove all PPE before exiting the patient room excapt a raspirator, if
worn. Remove the respirator after leaving the patient room and closing the door. Remove PPE in the following sequence:

1 GLOVES

Outside of gloves are contaminated!

* |fyour hands get contaminated during glove removal, immediately
wiash your hands or use an alcohol-based hand sanitizer

* Using a glovad hand, graspthe palm araa of tha other gloved hand
and peel off first glove

» Hold removed glove in glaved hand

& Elide fingers of ungloved hand under remaining glove atwrist and
paal off secand glave ower first glove

+ Discard gloves in 4 waste container

2 GOGGLES OR FACE SHIELD

Dutside of goggles or face shield are contaminated|

* |fyour hands get contaminzted during goggle or face shiald removal,
immadiatehy wash your hands or use an alcohal-based hand sanitizer

» Remove goggles or face shield from the back by lifting head band or
ear pigces

» [fthe item is reusable, place in designated receptacle for
raprocessing. Otherwise, discard in & waste container

3. GOWN

# Gown front and sleeves are contaminated|

+ Ifyour hands get contaminated duning gown remaval, immediately
wash yaur hands or usa an alcohol-bazed hend sanitizer

* Unfasten gown ties, taking care that sleeves don’t contact your bady
wihen reaching for ties

* Pull gown away from neck and shouldars, touching inside of gown only
* Turn gown inside out
» Fold or roll into @ bundle and discard in a waste container

4. MASK OR RESPIRATOR
Front of mask/respirator is contaminated — DO NOT TOUCH!

» [iyour hands get contaminated during mask/respirator removal,
immediateb wash your hands or use an aleohal-based hand santtizer

* Grasp bottom ties or elastics of the mask/respirator, then the ones at
the tap, and remove without touching the front

» Discard in a waste container

5. WASH HANDS OR USE AN
ALCOHOL-BASED HAND SANITIZER
IMMEDIATELY AFTER REMOVING
ALL PPE

PERFORM HAND HYGIENE BETWEEN STEPS IF HANDS
BECOME CONTAMINATED AND IMMEDIATELY AFTER
REMOVING ALL PPE

Figure 9lInstructional diagrams/sequences for putting on and taking off PPE (CDC 2014).
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Chapter Summary
Theprecedingchapterdescribeghe minimum recommended PPE when handling potentially
infectious material or specimens contaminated whpseudomallelUseof PPE is essential

to prevent accidental exposure 8. pseudomallewhether in the field or in the laboratory.
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Chapter 4B. pseudomalldiaboratory Biosafety

Chapter Overviewand Introduction to Biosafety

Biosafety refers to the safe handling and containment of infectious microorganisms and
hazardous biological materials (BMBL 6th ed. 2020). It involves the principles, technologies
and practices that are necessary to prevent unintentional exposure to patisognd toxins,

or their accidental release. In the context®f pseudomallebiosafety typically relates to

the safe handling of the organism and samples in order to minimize the risk of exposure and

what to do should exposure occur.

Biosecurity is amplementary to biosafety and refers to security measures that are designed

to prevent the loss, theft, misuse, or release of pathogens and toxins. This includes measures
that address access to facilities, storage and accountability of materials and detdl as
publication policies (BMBL 6th ed. 202@). pseudomallas currently listed as a Tier 1 select
agent by the U.S. Centers for Disease Control and Prevention (CDC) due to the current lack of
a vaccine, the high mortality rate, potential for aeptization, and significant antibiotic

resistance profile. Appropriate biosafety is thus a primary concern when harilling

pseudomallein the laboratory.

Risk Categories and Biosafety Levels

There are four risk groups for microorganisms. Risk Grouplddi&s microorganisms that do
not or are unlikely to cause disease in humans or animals, while Risk Group 4 includes
pathogens that usually cause serious disease in humans or animals and can be transmitted
from person to person. These organisms pose a h#ghfor both the individual and

community and usually do not have effective treatment or preventative measbres.
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pseudomalleis listed as a Risk Group 3 pathogen by the WHO, since it does not normally
spread by casual contact from one individual t@trer but can still result in serious disease

with an increased risk of aerosol spread.

The design of the laboratory relates to the classification of microorganisms being brought
into the space. There are four levels of laboratory design: Biosafety (B&1$ 1, 2, 3 and 4.
The assignment of a microorganism to a biosafety level takes both the risk level and several
other factors into consideration including:

1. Pathogenicity of the organisand infectious dose

2. Mode of transmission and hostnge of the organism.

3. Immunity, density and standards of environmental hygiene of the local

population.

4. Presence of appropriate vectors.

5. Reports of laboratory acquired infections.

6. Local availability of prophylaxis by immunization or effedt@atment.

For example, a pathogen assigned to risk group 2 will usually requireZafB8lity.
However, if the experiments being conducted generate a-sighcentration of aerosols,
then a BSI3 facility would be more appropriate (WHOZH) BMBL 8 ed. 2020)Where
biosafety facilities are availablBSE2 practices and containment facilities are
recommendedvhen handlingpotentially infectious clinical materialand primary culturesof
B. pseudomallgBMBL & ed. 2020). It is recommended thiithandling large volumes &.
pseudomalleculture or there is the potential for aerosolization to occur (such as during
centrifugation or vortexingdhat the specimen or culturée transferred to a BS3 facility as

soon as possible.
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In the United States, researchers and facilities handling select agents (indiuding
pseudomallgimust be registered with the Federal Select Agent Program (FSAP), inspected
and approved by the relevant federal agencies before they taaimthe microorganism

BSLE3 containment equipment and facilities are recommended for all manipulations of
suspect cultures, animal necropsies, and for experimental animal studie8. [B8&ttices are
also recommended when preparing cultures and contatéd materials for automated
identification systems, or when performing any procedure that can generate an aerosol
(where possible)Elsewhere, practices should follow appropriate national biosafety
guideline BMBL 8 ed. 2020) All laboratory workers, regardless of location, should

undergo organismand sitespecific training. This should aim to include training for new

workers and refresher training for all current workers done anny&eacock et al. 2008).

B. pseudomalleRisk Assessment

All handling oB. pseudomallear specimens that may potentially contain it should be the
subject of a risk assessment prior to starting any work with the organism. This should take
into account the type of work, local circumstanct® nature of routine specimen handling,
localmelioidosis endemicityand any predisposing risk factors for melioidosis in staff who
may handle the organism. Laboratories should always take any local or national guidelines

into account (Gassiep et al. 2021).

Staff with risk factors for the disease shobkleducated about their increased risk and
alternative work arrangements should be discussed and provided if available. All laboratory
staff working withB. pseudomallevith an identifiable risk factor should be examined Bor
pseudomalleinfection ifthey have any febrile illness symptoms, regardless of whether there
is any history of laboratory exposure. Examples of high and lower risk worBwith

pseudomalleare listed below and are shown in Table 7 (from Peacock et al. 2008).
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High Risk:

1 Predispaing condition without use of appropriate PPE, including diabetes mellitus,

chronic liver or kidney disease, heavy alcohol use, chronic lung disease (including

cystic fibrosis), thalassemia, immunosuppression or-lengn steroid use.

1 Needle stick or anyther injury where skin is penetrated by an instrument

contaminated withB. pseudomallei.

1 Splash event resulting in contamination of mouth or eyes.

1 Production of aerosols outside of a BSC through sonication, centrifugation, etc.

Low Risk:

T Unintentional opening of the lid of an agar plate growBigoseudomalleutside a

BSC.

1 Unintentional sniffing of agar plate growiiy pseudomallei

1 Splash event amounting to contact of gloved hand/protected body part Rith

pseudomallei.

9 Spillage of smll volume of liquid culture (<1mL) within a BSC.

i Contact of intact skin with bacterial culture.

LOW RISK

HIGH RISK

Accidental opening of agar plate lid
growingB. pseudomalleutside a
biological safety cabinet

The presence of anyredisposing melioidosis risk
factor without appropriate personal protective
equipment (PPE)

Unintentional sniffing of agar plate growiy
pseudomallein the absence of contact with
bacterium

Needle prick or penetrating injury with
any instrument contminated withB. pseudomallei

Contact ofB. pseudomallewith gloved hand or
protected body following splash event, in the
absence of any visible evidence of aerosol
production

Bite or scratch by experimental animal infected
with B. pseudomallei

Spillage of small volume of liquid culture
(<1ml) in a biological safety cabinet

Splash event leading to contact with the mouth or|
eyes
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Production of aerosols outside biological safety

ntamination of intact skin with cultur . . iy
Contamination of intact s cutture cabinet (e.g. centrifuge aident)

Table 7Risk assessment of laboratory incidents involBngseudomallgPeacock et al.

2008).

LaboratoryAcquired Infection withB. pseudomallei

Laboratoryacquired infections (LAIs) occur gvha laboratory worker becomes infected.
This can happen when there are lapses in good laboratory practice (GLP), such as
inappropriate specimen handling or waste decontamination. Poor laboratory staff training
can also increase the risk of LAls or othiefdgical accidents in the laboratory, and may also

contribute to improper pathogen storage, labelling and transportation (WHO 2020).

GLP will prevent most laboratory accidents involving exposuB fiseudomalleiThe

organism has been routinely handlevith minimal precautions in many laboratories in

endemic areas without staff becoming infected, and while LAl Bithseudomalldias been
reported previously, these cases have typically followed lapses in GLP. This suggests that the
risk of LAl withB. pseudomalleis lower than several other hazard group 3 pathogens,
includingBrucella speciesr Francisella tularensi®ance et al. 2017; Gassiep et al. 2021;

Green & Tufnell 1968; Schlech et al. 1981). This should be taken into account when
conductinga risk assessment and when deciding on the need for-@gsbsure prophylaxis

(PEP).

Laboratories should prepare a written protocol that describes how staff will be managed if
an exposure incident occurs, including the arrangements available for immedétial
assessment. Where possible, a physician with experience in the treatment of melioidosis

should be specified in advance. Where possible, baseline serum samples should also be
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obtained from workers before starting work with pseudomalleand stored at¢80°C.
Testing of serum is only required if a suspected exposure incident occurs (Peacock et al.

2008). A weldocumented log of these samples should be kept.

If accidental exposure tB. pseudomallgs believed to have occurred, the site of

contamnation should be washed with clean water immediately, followed by appropriate
disinfection of the area. The specified laboratory safety officer should be informed as soon
as possible. The specific bacterial strain, its antimicrobial drug susceptibKitp\@h) and

other pertinent information should be documented. While higék exposure events

warrant increased attention and monitoring, all exposure events should be taken seriously.

A risk assessment should be carried out that examines whether the epgeident poses

a low or high risk and if PEP is required (see Chapter 2 for further guidance on PEP dosage).
Due to the significant health risks associated with PEP, it is advised that only those who have
underlying risk factors that predispose themrteelioidosis and are involved in higisk

exposure events are given treatment if exposurdtgpseudomalldias occurred (Peacock

et al. 2008).

B. pseudomalleLaboratory Biosafety
GLP will prevent most exposure Bo pseudomalleand suspected specimesbkouldalways
be handledwith appropriate Personal Protective Equipment (RREJuding gloves, gowns,

closed shoes and gogglesse Chapter 3 for further detail regarding appropriate PPE)

Depending on the facilities availableandling ofB. pseudomallesr suspected specimens
should be donén a Biosafety Cabinet (BSBECs are essential for safe laboratory work.
BSCs are different from polymerase chain reaction (PCR) clean cabinets in that they provide

protection both for the person performing the work and for the work being performed. The
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risk for laboratory acquired infection is significantly decreased when a BSCHaseever,

work performed within a BSC should still be done carefully and s#iélgl primary culture
inoculations do not require a BSC, however, where available, work should be transferred to
one onceB. pseudomalles identified or is suspected or where there is the potential for
aerosolization.flthe bacterial identity is confined the risk of potential exposure to

laboratory staffshouldbe assessed.

All testing inthe BSGhould be donavhile wearing gloves to protect from infections
through the skin (Peacock et al. 2008). Centrifugation and vortexing should be avoided
outside of the BSC and plates and tubes should be taped Alhatispectedblates andubes
shouldbe put insideof awell-marked sealable containendtransferred to an incubator

after appropriate disinfectiomnce manipulations have been undertaken in a BSC. The
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containershould betransferred back to the BSg&fore it is opened t@xamineplatesand

bacterial cultures

X

DIVISION OF LABORATORY SYSTEMS

Checklist for Safe Use of Biological Safety Cabinets

This checklist is a template you can edit and modify as necessary to incorporate your laboratory-specific
standard operating procedures (SOPs). Use this checklist as a daily reminder of the activities/tasks needed for
safely working in a Biological Safety Cabinet (BSC), as a training tool, or for annual audit of operational protocols.

Biological Safety Cabinet (BSC) Checklist

Preparing for Work in a BSC:
[0 Put on PPE according to your laboratory SOP.
Turn UV light OFF (if used).
Turn fluorescent light ON.
Turn the cabinet ON, allow it to run for 4 minutes (or Manufacturer’s recommended time) to purge the
BSC of particulates. Some cabinets may alarm until purge is complete.
Verify proper sash height and that sash alarm is ON.
Verify drain valve underneath the cabinet is closed (valve handle is perpendicular to valve body).
Check cabinet’s certification sticker expiration date is within 1 year.
Record the pressure differential gauge reading (if present), compare it against the calibration set point.
Verify inward airflow according to your laboratory SOP (e.g., tissue test, smoke test).
Schedule uninterrupted work time, if possible.
Decontaminate all surfaces of the cabinet, according to your laboratory SOP.
Collect all materials needed for the work.

I T I

o

Safe Use of a BSC:

(] Place absorbent plastic-backed material to protect the work surface, if required by your lab SOP.

[ Wipe the external surfaces of any equipment or supplies that you will need to place in the BSC.

[ Place materials as far back in the cabinet as practical without blocking front and rear grilles.

[0 Separate clean/sterile items from dirty/potential contaminated items inside the BSC.

] Work from clean to dirty to minimize cross-contamination.

o One person at a time should work in a cabinet. If two people need to work in a BSC, use a 6

cabinet and document the protocol-driven need in a risk assessment completed by the Lab
Supervisor prior to starting work.

(] Move your arms slowly in and out of the BSC. Do not move arms in sweeping, sideways movements.

[ If using the vacuum system, protect the vacuum line with a filter.

[J Do not use open flame without approval from the Safety Office.

O  Adjust the stool/bench height so your face is above the bottom of the sash and your arms enter the

cabinet with elbows at 90° angles, armpits level with the bottom of the sash. Use a footrest if your feet
do not touch the floor.
[ Discard all waste in a biohazard bag inside of the BSC.

After Completing Work in a BSC:

[1 Do NOT turn cabinet OFF while removing items and decontaminating the cabinet.
Close and surface decontaminate ALL containers and lab materials before removal.
Surface decontaminate the exterior of the biohazard waste bag/container before removal and disposal.
Decontaminate cabinet interior, including sidewalls, back wall, inside of sash and work surface.
Remove the gloves you were using in the BSC and dispose of them according to your laboratory SOP.
Turn fluorescent light and blower motor switches OFF.
If required by your lab SOP, turn UV light ON. Keep the sash closed while the UV light is on.
Wash your hands.

I e o o |
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Working with B. pseudomalleQutside of a Biosafety Cabinet

In laboratories without access to a BSC and biosafety facilities, it is essential that appropriate
GLPs are used, including training, competency assessments, and use of PPE (wearing lab
gowns, gloves, goggles and closed footwear). Sniffing of open pladakide avoided. IB.
pseudomalleis identified or is highly suspected in any specimen, staff should put on-a well
fitted respirator (e.g. N95 mask) before continuing work. Respiratory protection is especially
important when centrifuging or performingtloer procedures that may generate aerosols
outside of a biological safety cabinet (BSC). Exposure to aerosols presents the @@eatest
pseudomallebiohazard, potentially resulting in inhalation, ingestion, and mucous

membrane contact. Staff should be tnad in the appropriate use of equipment and
equipment should be available at all times. PPE should be checked, maintained and
restocked regularly. If working with confirmed of suspedBegpbseudomalleutside of a

BSC, laboratory staff in higher risk qgaees (e.g. members with diabetes, lung or kidney

disease) should be identified and assigned to alternative tasks.

Laboratory and Biosafety Cabinet Decontamination

Steam autoclaving is the preferred method of sterilization. Materials for decontaramati

and disposal should be placed in containers such as autoclavable plastic bags that are color
coded according to whether the contents are to be autoclaved and/or incinerated. Work
surfaces of the BSC and bench should be decontaminated after each diagessand
immediately following any spills of infectious material. All contaminated materials, such as
gloves, paper products, etc., should be sterilized before disposal, for example by autoclaving
(WHO 2020). Small spills within BSCs can be handleglaisinvel dampened with
decontaminating solution. Large spills that result in liquids flowing through BSC grills require

more extensive decontamination. All items inside the cabinet should be decontaminated and
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then removed from the BSC. Once removed, deaminating solution can be poured into

the workspace, ensuring that the drain valve is closed. Thirty minutes is typically adequate
for decontamination, but this may vary depending on the disinfectant used. Any spillage and
disinfectant solution should be&iped up with paper towels and discarded into a biohazard

bag (BMBL'6ed. 2020; Wuthiekanun et al. 2011).

B. pseudomallas susceptible to numerous disinfectants, includimgzalkonium
chloride,iodine, 10%bleach solution, 70%thanol and 2%lutarddehydeandis effectively
killed by the commercial disinfectants, Perasafe ®ittonusing a contact time of
approximately 30 minuteBNuthiekanun et al. 2011The pathogen can also be destroyed

by heating to above 74C for 10 min or byltravioletirradiatoné6 w2 &S 3 h Q/ 2y y St f wun

Additional TechnicaResources
General international biosafety guidelines are provided by the biosafety manual of the
World Health Organization and can be found here:

https://www.who.int/publications/i/item/978924001131.

For additional information regarding standard practices, safety equipment and facility
specifications recommended for biosafety laboratoiieshe USAsee the Biosafety in
Microbiological and Biomedical Laboratsi6" Edition (BMBL%ed. 2020) available from:

https://www.cdc.gov/labs/pdf/SF 19 308138 BMBL6 OBOOKWEBfinal-3.pdf.

Chapter Summary

B. pseudomallas currently listed as a Tier 1 select agent bylh® Centers for Disease

Control and Prevention (CDC) due to the current lack of a vaccine, the high mortality rate,


https://www.who.int/publications/i/item/9789240011311
https://www.cdc.gov/labs/pdf/SF__19_308133-A_BMBL6_00-BOOK-WEB-final-3.pdf
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potential for aerosolization, and significant @ribtic resistance profile. Appropriate
biosafety is thus a primary concern when handBgpseudomallén the laboratory.
Researchers and facilities handliBg pseudomalleshould alwayd$ollow appropriate

nationalbiosafetyguidelineswhen handling tle bacterium in the laboratory
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Chapter 5: Clinical Specimen Collection

Chapter Overview

The following chapter focuses on the collection of clinical specimens from humans and
animals suspected of having melioidosis. The appropriate specimens required to make an
accurate diagnosis, collection procedures as well as specimen handling, storagelslitgt

are discussed in detaNMethods of specimen testing for the presenceBofpseudomalleire

described in subsequent manual sections.

Specimen Collectiom Humans

B. pseudomallas not part of the normal colonizing microbiota humansanditsisolation
from any site is considered diagnosfiwuthiekanun et al. 2001 ulture is considered th
current goldstandard for diagnosis and cultuo®nfirmation should always be sought in
patients where disease is suspected (see more about culture diagnostic protocBls for
pseudomallein Chapter 10). The likelihood of diagnosing melioidosis is maximized when
appropriate clinical samples from a variety of sites and specimen types are sent to the

microbiology laboratory for microscopy and cultféoffmaster et al. 2015)

Whereavailable all patients with suspectedelioidosis should have the following samples
taken for culture(Currie 2014)

1. Blood cultures

2. Sputum

3. Urine

4. Abscess fluid or pus

5. Swab of an ulcer or skin lesion

6. Throat swab
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7. Rectal swab

Table 8 Specimen typeg;ollection and instructions appropriate for human diagnostic

testing for melioidosis (ASM 2016).

Sample Type Collection and Transport

71 Collect the volume andppropriatenumber of sets a
dictated by the localprotocols.

Blood 7 Collect specimens prior &tarting antimicrobial
therapy.

{1 Transport bottledor cultureas soon as possible

1 Collectthe specimen into sterile cup aloseable
containeror collect during bronchoscopy procedure

Sp“t‘%m or : 1 Transport at room temperaturwithin 2 hours of
bronchoscopically obtaineg .
: collection.
specimens

{1 Ifthe specimerwill be transported 224 roursafter
collectionstore and transport at B°C

1 Tissue pieces (at least the sizeagdea) should be
collected and kept moist

1 Transport in sterile container at room temperature
within 1 hour of collection

1 Alternatively, swab samples can be submittedin
hospital transport tube with medium to stabilize
specimen (e.g. Amies transport giam). Refrigerate
swabs in transport media at 4°C and test within 24
hours after collection; otherwise, freeze &10°C.

Tissue specimens (biopsie
abscess aspiratepug and
swabs

1 Collect at least 1 ml into legkroof, sterile container.

1 Transport at room temperature up to Dhrs after

Urine collection.

1 If the specimerwill be transportedmore than2 hours
after collectionrefrigerate until culture inoculation

Blood culture should be performed for all patients with suspected melioidekere
possible TheB. pseudomallddacterial count in venous blood can reach high leireteptic
patients, makingonventional blood culture an effective means of establishing a
bacteriological diagnos{®uthiekanun et al. 1990F5amples from nosterile sites ardess
helpful sinceB. pseudomallgs often outcompetedy commensaspecies and the bacterial

count may be much lower. Howevehis$ problem camften be overcomehrough theuse of
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selectiveOdzf (G dzZNB YSRALF &dzOK | & ! aKR2epdbt@lR YSRALF 06aSs

(Wuthiekanun et al. 1990)

Urine and throat swalspecimenshould be cultured using selective medaenin those
patientswhere pharyngitis or urinary symptoneare not presen{Cheng et al. 2006;
Wuthiekanun et al. 2001Yhe sensitivity of urine culturmay beimprovedby centrifuging
the specimerand culturing theresultingpellet (Limmathurotsakul et al. 2009 patients
with localized lesionsabscessesr pneumonia Putum specimenssurface lesionswabs
andsterileaspirateqpus pleural fluid, peritoneal fluidzCSkshould be collecte@vhen
availableandcultured using selective mediRectal swals should also be cultured using
selective medigCurrie 2014)It is recommended thatulturesare repeated for angulture-

negative patientvhosesymptomsare strongly suggestive of melioidosis

While specimens can bB. pseudomallegulture positive even in patients piteeated with
antimicrobial therapyspecimenshouldstill be obtained before starting antimicrobials
where possiblePriortreatment may interfere with bacterial growtfHoffmaster et al.
2015) Absence of anglinical disease t&been describedn severalculture-positive patients
with cystic fibrosigind bronchiectasis; however, an attempt at eradicatiostd

recommended for these patient$iolland et al. 2002; Howe et al. 1997)

A chest radiograph (¥ay) should also be performed on all patients wstispected
melioidosis Computed tomography (CT) scamayalsobe performed in adult patients with
confirmed or suspected melioidosis tietectthe presence olbscessege.g.in the prostate,
liver, spleen, kidneysurinary tract), or detect occult foci infection(Hoffmaster et al.
2015) Abdominal ultrasoundnay be used as an alnative forpregnant women and

children. In patients with central nervous system (CNS) involvement, magnetic resonance
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imaging (MR) is preferreaver CT imaing, as it may indicate areas of hyperintense

infection including micreabscesses, leptomeningeathancement, or trigeminal nerve

involvement(Smith et al. 2018)

c

A B
Figure 10A) Right pulmonary opacity with cavity at right midzdagow) on first
admission. B) Worsening of right pulmonary lesion compared to first admission with right
sided pleural effusion. C) Resolving right pulmonary lesion and resolved pleural effusion

after 1 month of treatment (Chang et al. 2020).

Diagnosis of melioidosis (i.e. active disease) is not made based on a positive serolibgy resu
since it does not provide a definitive diagnosis, however, melioidosis serology should still be
ordered if melioidosis is suspected. The indirect hemagglutination antibody (IHA) test is most
commonly used for the serdiagnosis of melioidosis. Whilec&nnot distinguish between
patients with past exposure to the bacterium, latent infection or active disease, higher titers
(>1:640) may suggest an active infect{dfuttarak et al. 2009)Additionally acute- and
convalescenphase serum specimens taken east two weeks apart may be useful for
diagnosis, with a fourfold or greater riseBn pseudomalleintibody titer likely indicating

infection.
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Blood Culture Specimen Collection Procedures (CDC 2019)

1. Disinfect bottle tops with 70% isopropy! alcohol ¢ddol pad) clean puncture site
with alcohol and allow to dry.

2. For adults, collect at least 12D cc and 33 cc for suspected paediatric cases for each
blood culture set (oms instructed by specific hospital laboratory protocol)

3. Two or three blood culturebom different sitesper septic episode is usually

sufficiert.

Sputum Specimen Collection Procedures (CDC 2019)

1. Thepatientshouldrinsetheir mouthwith water before collecting the specimen
remove excess oral flora

2. Position the patient upright and have therough deeplyA sodium chloride
nebulizer can helpo loosen secretions if needed.

3. ollectthe expectorated specimen intasterile, closablgransportcontainer,or
collect during bronchoscopy proceduas dictated by the local protocols

4. The specimen can beanspored at room temperaturef done within2 hours.If the
specimen isvill transportedmore than 2hoursafter collectionit should bestored

and transporéd at 2-8°C
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or in bed in the Fowler position

[ Position the patient upright in a chair J

A sodium chloride nebulizer can
help loosen secretions

Ask the patient to take deep
breaths - in through the nose
and out through the mouth - to
help loosen secretions

Collect the specimen in the pot

and seal it with a lid to prevent

contamination and reduce the
risk of cross infection

Figure 11Procedure for obtaining a sputum specimen.

Cutaneous Lesion and Abscess Specimen Collection Procedures

1. Swab the base of thiesionusing a sterile moist swab (praoistened with sterile

salineor appropriate transport mediumgndplace in a sterile transport vidilbe
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containing transport medium aastructedby the local protocoldRefrigerate at 4°C
andtest within 24 hours after collection; otherwise, freeze samplegatC.

2. Aspirateanypus or fluid ifanyand either transport in syringe am asterile transport
vial/container.

3. Fortissue specimendry to obtain a deep culture or biopsy (at least the size of a
pea) for culture whenever possible. Do not culture chronic superfesains.Store

at room temperature and transport within 1 hour of collection.

Throat Swab Collection Procedure

1. Pasghe swab across tonsils and bagkoropharynxensuring not to touctother oral
surfaceqe.g.,tongue, teeth, gump Use of a tongue depressor maigd in collection.

2. Place intaa sterile tubeor vial withtransport medium The medium should badeep
enoughso that itcovers the
tip of the swab

3. Break off top portion of the
swabto close to container

4. Refrigerate swabs in
transport media at 4°@nd
test within 24 hours after
collection; otherwise,

freeze samples af70°C.

Rectal Swab Collection Procedure Swab here in posterior oral pharynx

Figure 12 Appropriate throat swab specimen
collection technique (APHL).
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1. Moisten swab irsterile saline solution cain appropriate transport medium (e.qg.,
Amiestransport mediun).

2. Insert swab 15-2 inches into rectum and gently rotater follow the local collection
protocol).

3. Place swab inta steriletube or vialdeep enough that medium covers tisgvabtip.

4. Break offthe top portion ofthe swabto close the container

5. Refrigerate swabs in transpbmedia at 4°C and test within 24 hours after collection;

otherwise, freeze at70°C.

Urine Specimen Collection Procedure
1. Follow the local guidelines for urine specimen collectDallect at least 1 mL urine
in a leakproof sterile container. Urine should ideally benidstream clearcatch
specimento reduce any possible cellular or microbial contamination.
2. Transport at room temperature up to 2hrs. If urine will not be transporte until

2-24 h after collection refrigerate until culture inoculation.

Labelling specimens
All specimens potentially harborirg. pseudomalleshould be documented and
appropriately labelled uponollection andarrivalat the laboratory. Tamprovetraceability,
samples should be assigned a unique specimen identification number. This number should
be clearly labelled on both the testing forms and the specimen contdiradxel all
specimens clearly, preferably with a permabenarking pen (alcohalesistant). Include the:

1. t I G A rwyida@aate of birth

2. Patient identificatiomnumber

3. Date and time of specimen collection

4. Specimen type
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Appropriate Handlingof Soecimens
Clinicians should inform laboratories when melioidosis is suspectsthf@anperform the
appropriate testsSamples should be thoroughly inspected before being accepted for testing
andshould be rejected if any of the following are fouffbM 2016)

1. Submitter was not authorized to submit sample

2. Incomplete or missing labels or paperwork

3. Insufficientspecimenvolume

4. Broken or damaged tubes/containeos improperly packaged samples.

5. Nonviable cultures.

If specimens are held awaiting transport, any fresh material, sera and swabs in transport
media should be refrigerated, not frozen. However, specinwitigleteriorate under

refrigerationandshould betransportedas soon as possible.

Specimen Collectiom Animals

Diagnosis omelioidosis iranimakis usually obtained through postortem examination
unless the presenting clinical sign isactivelesionor abscessf the skin.B. pseudomallei
may be isolated from the sputum, blood, wound exudatessue and fecesin some
species, serum may also be collected for serologic telgten detection of the disease,
environmental samplingf the surrounding soil and water where th@&fectedanimalis kept
is recommendedo determine a potential infectiosource(Sim et al. 2018; Sprague &

Neubauer 2004)

RecommendedpecimenTypes(Queensland Gov 2019)

1. Swabs or unpreserved samples of lesions or discharges



Melioidosis Manual, 2022

2. Formalinfixed lesions and full range of tissues
3. Blood and serum for serologgomplement fixation test (CFT) and indirect

hemagglutination antibody (IHA@st.

Collecting Animal Specimens

The time aftedeath that specimens areollectedis critical, since blood samples from dead
animals araunsuitable for lematology and clinical biochemistry and decomposing tissues

are typically not satisfactory for histopathology. Collect samples from necropsies as soon as
possible after death and immediately after opening the carcass. Collect samples aseptically
and submithem promptly in individual sterile leghroof screwtop plastic containers. Do

not use nonsterile containers or fragile containers such aslagk bags when submitting
material for bacteriological examination. The rate of decomposition varies wittoeahand
weather conditions and is faster with some animals than with others. In aguatic animals such
as fish and marine mammals, paabrtem decomposition is rapid. These specimens should
be collected from humanely euthanized animals that are preservégative, held in ice or

kept refrigerated. Whole sick animals should be sentifiaerated and cooled
transportation(Queensland Gov 201Proper personal protective equipment (PPE) should
always be worrbefore collecting any clinical specimens. Refer to the PPE section for more

information on appropriate PPE for clinical specimen collection.

Before collecting a specimen, it is important to consither following
1. The use of suitable containers/tubes feach test
2. The correct storage of each specimen before sending
3. Specimen transport requirements.

4. Providing thecorrectandmostrelevant clinical information
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Blood and Serum Collection Procedure

1. Fill tubes containing anticoagulants first so that any fdamation is minimized.

2. Collect blood from the jugular vein (cattle, sheep, pigs and horses), tail vein (cattle),
ear vein (pigs) or wing vein or heart (poultry).

3. Use plain tubes or serum separator tubes (SST) for the collection of serum (used for
CFTor IHA see more below)These should bat least5 mLin volume Fill the tubes
to two-thirds capacity to provide a minimum of 2 mL of serum. Allow the blood in
the plain tubes to clot at room temperature and separate the serum by pouring off
or centrifucation before transport to the laboratory. This is particularly important if
the samples will not be received at the laboratorighin 18 hours of collection.
Hemolysisand leakage of red cell components affects most analyses and can occur if
serum is not separated promptly.

4. Transport all samples to the laboratory at 4°C within 24 hours of collection. Attach a
completed specimen advice sheet to each submission. Padpg®@men advice
sheet externally to the samples and clearly indicate on it that melioidosis is

suspectedQueensland Gov 2019)

Melioidosis Serology in Aimals (CFT and IHA test)

TheB. pseudomalleCFT indicates active infection, while the IHA test indicates past and
current infection. Animals in melioidosimdemic areas tend to have higher background IHA
titers, so the interpretation and diagnosis of serological tests should be read with ca@tion.
more accurate diagnosis of melioidosis is likely if both the CFT and the IHA test are run
simultaneously and the results are compared (shown in T@bl€iters are variable and do
not necessarily correlate with the clinical signs observed. If meligidosiuspected, samples

suitable for culture should also ls®ibmitted



Melioidosis Manual, 2022

Table9- Interpretation of CFT and IHA titers for the diagnosis of melioid@aisensland

Gov 2019)
Test/titer :
Interpretation of Result
CFT IHA
. : Not infected (does not exclude infection in the 6 days prior to
Negative |Negative .
sampling)
Negative 40 to 160 Possu_aly natural agglutmm; or crmgtlon YVIth other infectious
organisms though may indicate past infection or exposure
320 or Possibly melioidosis; symptoms may or may not be apparent. Re
Negative reater bleed in 1421 days to check for a rising titre. May indicate a chrg
9 infection
Possibly melioidosis; symptoms may or may not be apparent. Re
8orl6 [40to 160 bleed in 1421 days to checfor a rising titre
32or 320 or Infected
greater |[greater |Likely to have clinical signs of acute melioidosis
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Complement Fixation Test Figure13- In a positive

Serum with | Serum withmt CF Rest, the complement
antibodies aitilodies

is bound to an antigen

antibody complexand will

Antigen binds Unbaoumd ;
wiith atiho dies > & Antigen remain unlysedThese
&
cells willsettle to the
bottom of the welland
Complement . o e Unbownd
hinds with & complement  form a button.Likewise
Agil complex o &
in a negative testthere is
] no antigenantibody
Hemalysin Hemolysin
Sensitized red m Sensitized
blood cells RBCs complexsothe
serve a5 an indicator ‘.'.. = an ene P
indicator .
complement willinteract
RBCs settle into RBCs hysed by . .
a pellet unbound with the sensitized RBCs
complement
o iysis ysis causing them to lyse
Reactive MNonreactive (Texas DSHS 2010).

Unfixed Abscesses and Lesion Swabs Collection Procedures
1. Sample fresh, active lesions. For smaller lesions, submit the entire lesion or
organ. For larger or widespread lesions, submit a portion of the affected

tissue containing the lesion and surrounding tissue.



Melioidosis Manual, 2022

2. Alternatively, take an aspirate of the lesion anansfer it to a small sterile
container or use swaband storein a bacterial transport medium.

3. If using swabs, sear the surface of the lesion or tissue with a hot spatula
(heated using a small portable gas burner) and cut through the seared
surface usig a sterile scalpel blade, then swab the cut surface of the tissue.

4. Swabs of lesions or tissue samples should be homeggmith saline
before being cultured

5. To aid in diagnosis, take and fix samples for histopathology at the same time

(Baszler & Graham 2017)

FormalinFxed Lesions andTissueCollection

Tissues for microscopic examination collected either via biopsy or during necropsy can be
crucialto obtaining a diagnosjsiowever, atolyzed tissues are generally useless for
histopathologic examinationfimely examination and organ samplingeassential Tissue
specimenshouldneverbe frozen before fixationmportant things to consider when
collecting these specimens includ®ildfell 2016)

1. Histologcal specimenshouldnot be >1 cm thick (preferablyc® mm) and
shouldo S LJ I OSR Ay G2 xwmn (A YoBfferedilROS A NJ @2 t dzy
formalin to ensure adequate fixatiommmediately after collection

2. Tissues should be representatigad centered directlyon the existng
visiblelesions.

3. Wedge biopsieandtissuespecimensshould include some of the normal
surrounding tissuavhere possible. fiis margincanprovide key

information.
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4. Largerabscesseshouldbe sliced so that formalin can penetratee full

specimen Alternatively,collect multiplerepresentative samplethat

include both normal and abnormaiissue

Figure 14 Formalinfixed lesions taken for histopathology from} meerkats with melioidosis
showing (a.) The gastric wall with marked congestion, vascular thrombosis and foci of
necrotic neutrophils (asterisk). (b.) Entrance of portal vein (asterisks indicate tworseof
the lumen) at the hepatic hilus. The architecture of the vein is obliterated by a dense
infiltrate of necrotic neutrophils expanding into the surrounding tissue. (c.) Liver showing
embolic showering of bacteria from the systemic circulation (chp&ic showering of the
lung and multiple random foci of neutrophil infiltration (asterisks) with surrounding
haemorrhage (Rachlin et al. 2019).

Fecal Specimen Collection

Fecal specimens may be useful in the diagnosis of melioidosis in animal®.since
pseudomallehas been detected in fes fromseveral species previousipcluding wallabies
and chickengHoger et al. 2016; Sprague & Nwawer 2004)In animalsthe identification of
B. pseudomallén fecal specimens does not always indicate active disesstmacterial
shedding is possiblevenin the absence of clinicdisease, take care when interpreting

results
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Protocol forFecalCollection
1. Fecabkpecimens (at least 100ghould be collected with sterile disposable gloves or a
trowel/spade.
2. Trowels and spades shoude cleaned with 70% ethanol after each collection.
3. Try to collect fresh specimens that have been kept out of direct sunlight.
4. Samples can be stored in biohazard bags kept at room temperaturestzoud be

processed within 7 days.

Labelling and Appropriate &hdling of Specimens
Label all specimens clearly, preferably with a permamdeihol and wateresistantmarking
pen. Include thdollowing information

1. sy SNRa vyl YS

2. Animal numberor ID

3. Tissue from which the sample was taken

If specimens are helawaiting transport, any fresh materiahd sera and swabs in transport
media should be refrigerated, not frozen. However, specimens will deteriorate under
refrigeration and should be dispatched as soon as poss$talekage specimens to prevent
leakage infiansit and include sufficient absorbent material to contain any leakage that might

occur.

Factors leading to unsuitable samples or unclear resoétg include:

1. Hemolysis of blood specimems serum/plasma separation.
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2. Decomposition of dad animalsMarkedchanges occur in blood composition after
death. Sample only live animals or animals immediately before euthawhsia
possible

3. Treated animalsTake samples needed to confirm the diagnosis before giving
treatment. If this is not possible, record theestment given on the specimen advice
sheet.

4. Inappropriate sample storage.

5. Bacterial contaminationCollect samples using aseptic techniques and keep them

cool in transit.

Removal and Decontamination of Infected Animals

EnsureappropriatePPE isisedwhen handlingaffected animalandwhenworking in the

areawhere animals may havgecomeinfected

GCommercial incinerations the recommended methotbr removal ofinfectedcarcasseslo
lessen the risk ahfectionduring transportthe carcass should berapped inheavy,
leakproofplastic or bins. Disinfect all equipment and vehielesd during removalTen
percent bleach, Virkoand 70% ethanol are all suitable disinfectaidssure that the
potential for environnental contamination islsominimized by dcontaminaingthe

disposal siteConsideranyenvironmentalrestrictionswhen using chemicals or disinfectants
and be sure t@ontact the locaknvironmentalauthority as necessargBaszler & Graham

2017 Queensland Gov 201%overnment of Western Australia 2018

Chapter Summary
There are a variety of specimen types that can be colleébedhe diagnosis of melioidosis in

humars and animalsTheproceduredor collecting and processing these clinispecimens
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differs basedn the type ofsamplebeing examinednd the site of infectionAll specimens
should beappropriately documentedabeled and stored in appropriate legdoof, sterile
containers and sent tthe laboratory for processing as soon as possible for the most

accurate diagnosis.
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Chapter 6Clinical Specimdrackagingnd Transport

Chapter Overview

The following chapter focuses on the packaging and shipping of diagnostic specimens for
melioidosis ésting.Regulationplacedon the transportation of biologicgjoodsare

necessaryo ensure the integrity of specimemas well as the safety of staff and transport
workers. This iprimarilyachieved through careful storage and packadhag canwithstand

rough handling and leakage, as well as appropriate labelling and documentation of any
hazardous content®ackagingshould bedurableenough toprevent anycontentleakage

and be able to withstand rough handlirghocks, pressure changes, humidégdvibration.

Each package must be correctly marked, labelled and contain appropriate documentation to

ensure the timely and accurate processing of specin{BMBL & ed. 2020)

Storage of Specimens for Transport

The conditions of transport cagreatlyaffect the viability and reactivity of the specimens,
resulting in lower testingensitivityor, insome instancedalse-negative resultsAs
specimensnay need to be transported long distances before being testedinipsrtant to

store sampleproperly to maintainviability.

Specimens for Culture

Samples for culture should be kept from overheating to ensure viability. Blood specimens for
culture should be incubated the same day as collection (although this should be done
immediately where posible) but should be kept &C if shipped overnighOther samples

for cultureshould be transported either with wet ice, ice padksif the distance is longlry

ice. ldeallythe packageshouldhave enough cold packaging to arrive adéstination and
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still be cool to the touch. The recipient of the package should make note of the condition of

the specimens after transport.

Other Specimen Types

Swvab specimens stored in transport mediuamd didesmay be transported and stored at
room temperature Some specimens may require frozen transport. If this is necessary, the
package shouldontain dry iceor liquid nitrogento maintain this temperature long term
(described in further detail beloHO 2015)Serum igparticularlysensitive to heaand

the reactivity to antibodydetection decreases at higher temperaturasd shouldalwaysbe

transported on ice.

Specimen Type Short Term Storage (days) =) T SHORIELY 28 60
months)
Whole Blood 4C -80C
Serum 4AC 0-20C
Tissues 4AC 0-20C
Urine 4AC 0-20C
Swabs 4C in transport medium -20C

Tablel0- Storag conditions for common melioidosis specimen types. Storage conditions

typically change depending on the length of time the specimen will need to be ladpé vi

Refrigerants

If ice or dry ice are used during transport, they should be placed outside of the secondary
packaging. If wet ice is used it should be placed inside of a leakproof container and the outer
package should also be leakproof. This is done to prevent damagedtomcefrigerant has

melted or has dissipated. An overpack (a special type of insulated packaging) can be used to
hold dry ice. Dry ice should never be placed directly inside the primary or secondary
packaging because of the risk of explosion. If drysicssed, the outer package should

permit the release of carbon dioxide gas. Failure to use a breathable outer box could result
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in the buildup of too much pressure which can damage the package, the specimen and
potentially harm personnel. If dry ice is use¢his should be included on the shipping label

(see Figure 17).

If liquid nitrogen is used as a coolant, arrangements with the transport carrier should be
made in advance. Primary packages must be able to withstand very low temperatures and
appropriatepackaging requirement of the carrier must be checked and follofMe8A 2019;

WHO 2015)

Specimen Packaging and Transport Overview

Regardless of the type of specimen being transported, there should always be three layers of
packaging. The first layer, called the primary packaging, is what the specimen itself is
contained in. Primary packaging typically consists of a plastic tubeasieiblood vial or a

2ml watertight container with a closure such as a screwcap or-sndj. Samples should

be taped or parafilmed for additional protection and appropriately labelled. Primary
containers should each contain less than 500ml liquid ogSdids. The second layer,

termed secondary packaging, is a second receptacle that the primary packaging is placed in.
This is usually a larger tube or plastic bag. Several wrapped primary receptacles may be
placed in a single secondary packaging, howexaume and/or weight limits for shipping
infectious substances should be checked with the relevant transport authority prior to
shipment. Secondary packaging should also be watertight and properly sealed. It must be
large enough to hold any absorbent reatl placed inside the package. Absorbent material

is necessary when shipping liquids to soak up all contents of primary receptacles in the event
of a leak or spillage. Acceptable absorbent material typically includes cotton, paper towels or
wadding. Thehird and final layer of packaging is the outer packaging. This should be rigid

and sturdy. Ideally, it should be a material that is easy to decontaminate such as smooth
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plastic, or something easy to dispose of. The outer packaging should also be tighdly s
and an itemized list of contents must be enclosed in a waterproof plastic bag inside.
Additional forms and any information that might identify or describe the specimen and the
individual(s) shipping and receiving should be taped to the outside gfabkage. Both dry
ice and wet ice must be placed in an overpack or leakproof receptacle inside the outer
packaging and should not contain more than 4 litres of liquid or 4kg solid (BM&L 8020;

IATA 2019; WHO 2004; WHO 2015).

\ 4
\ 4
/

Primary Packaging Secondary Packaging Outer Packaging

Figurel5- Specimenshould have three layers of packaging for transport to the laboratory.
Primary packaging can include tubes or blood vials. It should be placed into a secondary
packaging with absorbent material. The outer packaging should be sturdy and easy to

decontamnate or dispose of and labeled with a biohazard syn(6&IC 2019)

Appropriate Packaging for Shipping Diagnostic Specimens
Regardless of the specimen type, there must be primary packaging, secondary packaging and
outer packagingFigure 15\BMBL & ed. 2020DOT 2011; WHO 2015)

1 Primary packaging should always consfdhe following:

a. The primary receptacle must be waterproof.
b. Allcontainersshould also be sealeaslith adhesive tape, parafilm or

somethingsimilar.
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C.

If multiple containers are being shipped they should be wrapped individually
to preventbreakage.

Primary containers should be less than 500mL (16.9 ounces) for liquid
specimens; or be less than 500g (1.1 pounds) for a solid specimen. Transport
media is considered part of the diagnostic specimen for shipping purposes.

If being shipped by aithe primary or secondary container must be able to
withstand an internal pressure difference of no less than 95 kPa (14 psi)

between-40° C to 55° G40° F to 130° F).

1 Secondary packaging should consist of the following:

a. Secondary packaging must be emuroof. An example of appropriate

secondary packaging is a leakproof biohazard bag.

Enough absorbent material should be placed inside the secondary container
to absorb the entire contents of all primary containers in case of leakage or
any spillage. Accégble absorbent material includes cotton balls or wads,
paper towels or cellulose wadding.

Do not over pack the secondary receptacle. This can lead to breakage of the

primary receptacles.

1 Outer packaging should consist of the following:

a. Outer packagingt®uld be sturdy and be appropriately sized for the

contents inside. Examples of appropriate outer packaging include
corrugated fiberboard, wood, metal, or rigid plastic.

Packing should be able to withstand a 1.2meter (4 foot) drop test.
Onedimension/side of the package must be at least 4 inches in width.

The outer packaging should not contain more than 4 liters of fluid or 4 kg of
solids.

Both dry and wet ice should be placed outside the secondary packaging.
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a. Dry ice: packaging should perrttie release of carbon dioxide gas
and not allow pressure to buildp, as this can break the packaging.
b. Wetice: the packaging must be lepkoof.
c. An overpack or leakproof receptacle should be used to hold cold
packs or dry ice.
f.  Anitemized description ofomitents should be included and should be placed
in a sealed plastic bag to protect from moisture or leakage.
g. The name, address, and telephone number of the shipper and receiver must
be on the package and the air waybill. You must also includsaimple
types being shipped and the hazard classification code on the air waybill (see
more about hazard classifications and appropriate labelling of packages

below).
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Infectious Substance

Primary Receptacle
Leakproof or Siftproof

Absorbent Packing
Material (for liquids)

<

Secondary Packaging
Leakproof or Siftproof
(e.g. Sealed Plastic Bag)

— 4

N . Shlogie, =
Rigid Outer Packaging ca?é’;tance 2 Rigid Outer —
L) / Packaging
Cushioning —
Package Mark - Material

Name and telephone number of a
person responsible. (This information
may instead be provided on a written

document such as an air waybill)

Figurel6- Category B packaging schematamonstratingtriple packaging of diagnosti

specimengCDC 2014).

Shipping Hazard Classificatisn

Cross Section of Closed Package

Primary Receptacle
Leakproof or Siftproof

o

1
Secondary Packaging
Leakproof or Siftproof
(e.g. Sealed Plastic Bag
or other intermediate
packaging)

Absorbent
Material

Under shipnent guidelines, pathogens aassifiednto categories based on the likelihood

of causing severe or potentially fatal infection in humans if accidental exposure occurs

While thecategory determinewhat packagdabelling is requiredadways check wittthe

relevantshippingor transport authorityto determineif anything additionais required If the

package will be sentternationally, also check to ensure the appropriateppng permits

are in place.
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Anything listed as categoryigconsidered the most hazardous to individuals and the
community.This usuallyelates to shipment of pure cultures and isolates. Diagnostic
specimens are generally consider@tegory Bas the micoorganisms are not in a form that
can easily cause illne@30T 2011; IATA 2019; WHO 20Hyman and animal diagstic
specimens for melioidosis are normally considered Category B Substances for the purposes

of packaging and shipment.

Domestic and International Shipping &. pseudomalleisolates and Suspected Specimens
Domestic shipping and transport Bf pseudmalleior suspected specimens should follow
local or national guidelines and regulations. Whethgbmittingspecimengo diagnostic
laboratories within the same sitéacility, or if shippingspecimendetween sitesensure that
any local andaboratory-specific transfer protocols are followed and the receiving laboratory
has been notified beforehand\ll specimens, regardless of whether they are being
transported within or between sites, should be wiglbelled (see below) and packaged to
ensue viability of the specimen and safety of the those handling the package. Ensure the
package alsoontairs appropriate documentation to guarantee the timely and accurate

processing of specimens

For global shipping guidelinesig International Air Traqert Association (IATA)angerous
Goods Regulations (DGR) is the worldwide gold standaidtrnationalshipping.
Following the IATA DGRill ensure thatthe packageand specimen being shippedll meet
internationaltransportregulations See the latesedition of the DGR at

https://www.iata.org/en/publications/dgr/

Appropriate Labelling and Packaging Documentation


https://www.iata.org/en/publications/dgr/
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It is important to track the movement of @jnostic specimens from the point of collection,
specimen processing, storage, and disposal. The time and date of collection should be
recorded on the Case Report Form; the time the samples are received in the laboratory and
the time of testing should bescorded by the laboratory. All samples that are to be stored
prior to shipment to an offite laboratory or another site must be stored under appropriate
conditions and a log of the stored samples should be maintained (e.g. a freezer or
refrigeration log).These logs are considered essential study documents and they should be
kept with the rest of the study documents following study completion. When samples are

shipped, a copy of the courier form should be retained (WHO 2015; CDC 2016).

Package Labelling

For most diagnostic specimens (e.g. Categoryd®g Figurel6) outer packaging should be
labelled with:
1. Thename addressand telephone numbeof BOTH thesenderand receiveiof
package
2. UN number (e.g. UN 3373)
3. I LILINR LINA | 1 S & KBiololidal§iEstantdCare§ory@p o3 @ &
4. Total volume/weight of the specimens being shipped and total weight of
package
5. Packages that contain more than 50 mL or more of liquid should have two
orientation labels affixed to the outside of the outer packaging. Each label
should be placed on opposite sides of the package and arrows should point
upwards.
6. Diagnostic specimen giments DO NOT require an Infectious Substance label or

a Declaration for Dangerous Goods.
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This orientation label should clearly mark which side is
“Up”. Two labels are required on all boxes with each one
on opposite sides of the package.

Inner Packages
Comply With This marking must appear on an overpack when the
Prescribed regulations require the use of packages bearing UN

Specifications Specification Markings.

This marking is required when shipping patient/diagnostic

DIAGNOSTIC specimens.
SPECIMENS

This label is required when shipping a substance or
specimen on dryice.

This label is required when shipping infectious substances.

Please note when shipping infectious substances vou must
use UN centified 6.2 Infectious Substance Packaging.

This label is required when shipping = 50 ml of an
infectious substance.

Figure 17Description of specific labels and markings required for safe and proper

shipping of various package types (CDC 2016).
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Checklist for Packaging and Shipping of Diagnostic Specimens

Checkf
Complete

Item/Activity

All primary packaging containing specimen containers should be waterproof and |
closable (e.g., screan caps).

All caps should be wrapped witrarafilm or tape.

t NAYFNE LI OlAy3 akKz2dZ R 0SS fl1o0StfSR ¢
identifiers and the date the sample was collected.

For liquid specimens, the primary packaging should be leakproof and hold no mo
than 500ml liquid ané00g solid.

The primary or secondary packaging must be able to withstand an internal pressy
difference of no less than 95kPa (14 psi) betwe#fC to 55°G40°F to 130°F) if
being shipped by air.

Primary containers should bedividually wrapped or separated and placed inside
leakproof secondary packaging.

Absorbent material should be placed between the primary and secondary contain
Enough material should be used to absorb the entire contents inside the primary
receptacles.

The secondary container should not be over packed.

An itemized list of the contents should be included with the shipment. This should
include a telephone number and email address where any issues with the shipme
can be reported.

A sturdy outempackage should be used.

For liquid, the outer packaging should contain less than 4 liters of liquid and 4 kg
solids.

The outer packaging should include an appropriate label.

Ice packs and insulated outer packaging should be used for specimen integrity.
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Name and address
of sender

Name and delivery
address of receiver

Biological Substances,
Category B

Emergency contact
Name and 24 hour
telephone number
(if not on waybill)

UN 1845 Dry Ice 1.5 kg

Figure 18 An example of appropriately labelled package for transporting Category B

Biological Substances by air with dry ice.

Chapter Summary

It is important to ensure¢hat packajing and shipping conditions preserve the integrity of
specimens and minimize the potential for damage during transport. Regardless of the type
of specimen being shipped or the Hazard Classification, there should always be three layers
of packaging. Thissuld be comprised of a waterproof, sealed primary receptacle

containing the specimen, a second watertight, lgmkof packaging to enclose and protect

the primary receptacle(s), and durable outer packaging that protects the contents from
outside influence incurred during transport. Each package must be correctly marked,
labelled and contain appropriate documentation to ensure the timely and accurate

processing of specimens.
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Chapter 7Environmental Sampling for the Detection and
Surveillance dB. pseudomallei

Chapter Overview

Environmental sampling fd. pseudomallezgan be used taletect geographic areas where
humans and animals are at risk of acquiring melioidosis and for cremgtapal risk map of
the infection WhileB. pseudomallas primarily found in tropical soils, the bacteria can also
be leached out into the water table during periods of heavy rainfall and aerosolize during
severe weather events. Cases of melioidosis are frequently attributed to contaminated
water sources, anihcreasingly, inhalation of contaminated aerosols. The following chapter
reviews the currenprotocolsfor soil, water, airand swab sampling fd@. pseudomallén

the environment. Downloadable protocols and mechanisms for data collection and sharing
can also be found through the International Melioidosis Network (IMN) webpage at

www.melioidosis.info

B. pseudomalleSoil Sampling

Environmental sampling can be used to deterenthe presence and geographic distribution

of B. pseudomallelt can also helpo identify geographic regions where humans and

animals are at risk of exposure and examine the associated risk of infection before cases are

recognizedKaestli et al. 2009; Limmathurotsakul et al. 2010; Rachlin et al. 2020)

The most appropriate strategy is dependent on the objectives of the study and whether any
information about the presence dB. pseudomallén the geographical area to be sampled is
already known. For preliminary studies in regions where sampling has not been done
previously, investigators should examine any available data about previously confirmed or

sugected melioidosis cases in the area. Selection of sites to sample should focus on patient


http://www.melioidosis.info/
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residences or places of work. In the absence of such information, GIS (geographic
information system) software may be used to randomly select several preliminamlisgm
locations using a less targeted approach. For large environmental surveys in areaBwhere
pseudomalleis already known to exist, randomly selecting sampling sites using GIS software
can also be performef(Limmathurotsakul et al. 2013))ikewise, depending on the study

goal, locations thiamay have a higher probability of isolatiBg pseudomalleguch as rice

paddy fields, riparian zon€kand alongside creeks, streams, rivers etcrecent

construction areas can also be targeted.

Soil samplinghould be the subject of safetyrisk assessmenprior to starting any sampling
activity. Safety assessments should act a starting point for project planning.
Before commencing it is recommended that sampling staff:
T Identify potential risks and any biological hazards that may be located at the
proposed sampling areas.
1 Locate the presence of all utilities in the sampling areas before any digging begins.
1 Know the sampling address and make sure others are aware of this address.
1 Use the buddy system.
I Take a phone (or preferred method pdrtable communication) and first aid kit to

the sampling area in case of emergency.

Number of Soil Samples

Taking an inadequate number of soil samples orgisimdom sampling methods with too
small asample size can run the risk of a fafssgative resuland may be associated with a
lower power of detectionKlironomos et al. 1999Y hisis partially related to the
heterogeneous distributiol. pseudomalldias in the environment, which can give rise to

bacterialhot spots(Limmathurotsakul et al. 2010; Rachlin et al. 202B)isissuecan be
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avoided by increasing the number of samples taliea given siteBased on statistical
considerations, a minimum of 100 sampling points is suggested in an faaeaund 50x50
squaremetersin orderto determine the presence @. pseudomalldlLimmathurotsakul et

al. 2013)If the area of interest is large (e.g., across one or mulppd&inces or country

wide) or where sampling resources are more limited, collecting fewer samples at more sites
can also be done. Herd)eg number of samples taken per site and the number of sites
investigatedcould be determined baseah a statistical poer sample size

calculation(Cressie 2015)

If a region is already known or is suspected to be positiv8 fseudomalleian adaptive
approach may be usetflere, a preliminary study can first be performed in a specified area
where a quantity of random points are sampled. If any of these samples are positBe for
pseudomallgithis suggests that the organism is present and is enough to label this area as a
potential risk to humans and animals. If all samples are negative, a further round of sampling
can be done where 100 samples are taken from the same site using a fixed interval grid

approach (see Figurk below).
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Figurel9- Example of a fixethterval systematiagrid for sampling oB. pseudomallén soil

(Image courtesy of Menzies School of Health Research, Australia).

DistanceBetween Samples

The presence dfacterialhot spots in the environmergives risé¢o an effecttermeddspatial
autocorrelatiot ®  ¢fdcts the distancemeededbetween each sampling poiandmeans

that adjacentsampling points are more likely to yield the same result (e.g. a sample next to a
negative sample is likely to be negatiye)mmathurotsakul et al. 2013gudiesfrom
Thailandhave suggestethat the distance between samples should be between 2.5 and 5
metersapart to adjust foB. pseudomallegpatial autoorrelation. While 2.5 to 5 meters is

the suggested distance between samplesijability inB. pseudomalleiount inthe soilboth

within and acrosglifferent countriesand regiongs well describedKaestli et al. 2007,

Limmathurosakul et al. 2010)Consequenyl, theproposed sampling distance may not hold
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true in areas where th8. pseudomallgiresencen the soil is markedly differentn this
instance, he ideal sampling distander the specifidegioncan alsde estimated based on
the results ofa pilot sudy containingl00 sampling pointat one ormore sitegCressie

2015)

Soil Sample Depth and Storage

A depth of 30cm for soil samples is recommended. Tliased on evidence that the
proportion of samples that are positive f8r pseudomallas higher at 30 cm than at
shallower depths, but is comparable tamplegaken at greater depttiPalasatien et al.
2008;Limmathurotsakul et al. 2013)owever, the optimum depth may vary based on the

geographic area (Mawanh et al. 2017).

Theamountof soil collected per sample hatsovaried in published studies, but there is
currentlyno indication that collecting a greater weight of soil is associated iwifinoved
sensitivity.However given the heterogeneity d8. pseudomallein soil,there is some chance
that small sampleuantitiesmay have an increaseask of yieldingfalse negativeesults A
weight of 10 grams per sampie suggestethased on feasibility and easeowever, more
may be collected andeighed out for sample processing back in the laboratory
(Limmathurotsakul et al. 2012%il samples should be kept eiom temperature (24 to
32°C) and away from direct sunlight chgitransport Sampleshould be processed as soon

as possible.

Table 11 Recommended sampling strategies for the isolatioB.opseudomalldrom soil

(Limmathurotsakul et al. 2013).
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Sampling strategy

Consensus guideline

Sample sizealculation

Sample size calculation should correspond with study objectives
and may vary based on whether any previous information alut
pseudomallepresence in the region is known.

In areas where presence is unknown, a minimum of 100 samplir
points B suggested in an area of around 50x50 square meters.

dte selection

For pilot studies in areas where sampling has not been done, sit
should be chosen using the information available (e.g. areas or
fields around patient households). If thiformation is not
available, use a GIS program to randomly select sites.

In areas wherd3. pseudomallas already known to exist a GIS
program can be used to randomly select sites across the region
interest.

Sampling points per site

= =

Use a fixednterval sampling grid.

To determine the presence &. pseudomallen onefield the
sampling area should be approximately 50x50 square meters ar
have 100 sample points per site.

The number of sampling points per site and number of sites can
calculatel based on a geostatistical sample size calculation for
studies covering large geographic areas.

Distance between sampling |

points

Take samples at a distance of 2.5 to 5 meters apart.

Soil sampling depth

30 cm depth

Weight of each soil sample

Minimum 10 grams of soil put intasterile universal tube or self
sealing plastic bag.

Soil Collection Procedures

Sterile containersr bagg(e.g 25 miplastic universal containerselfsealingplastic

Equipment
1 Shovel
1 Augur
1 Disposable latex gloves
1 Rubber boots
1 70%ethanolspray
1 Papertowels
1
bags)
9 String and stakes
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1 Weighing scalegf soilwill be weighedon site

1 Waterproof hbellingmarkers and pens/pencils

1 Insulated containefor sample storagée.g. polystyrene box)
I Tape measure (at least 5 meters but preferably longer)

1 Study forms

 Camera

1 GPS (global positioning system) or satellite navigation device

Personal Safety in the Field
Wear protective gloves and closed shoes and change gtegetarly, particularly if dirty
This will alsdelp toavoid crosscontamination of samples and equipmeftean handsand

arms regularly with 70% ethansblution or antibacterial soap.

Soil Sampling Collection Methods
1. Selecthe location of the sampling site as describaabve Ensure you have
recorded the GIS location of each sampling site.

a.) NOTEIt is important that you obtainthe appropriate permissions and
clearances from relevant councils/governing bodies/landowners PRIOR to
sampling commencement!

2. Fillin preliminarynformation about the site/study (e.g., date, study name, location,
etc.) in thestudy form(see examplesoilsamplingstudy form below)Take great
care in filling in the formThe same person should fill in fosno avoid observer
bias

3. Record the GPS position of each study site.
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10.

11.

12.

Take pictures of the study site that shows the sungding landscape, size of the site,
proximity to people/livestockvater sourcesYou should also take photos of the
sampling grid asell as the individual holes/samples as you work.

Divide the sampling site into a 10 x 10 grid of squares that are 5 meters x 5 meters
(total 100 squares). Measure these using a tape measure and mark squares with
stakes and strings.

Mark the centerof each square using string. This is where the sample will be
collected.

Dig a hole using a clean, pointed metal gardening shovel. Collect the soil sample
from a depth of 30 cm. An augur can also be used if available.

Check that the shovel/auger has gothewn to 30 cm, use a ruler if necessary. If the
hole does not go down to 30 cm, note the actual depth on the study form (e.g. 15 or
20am, etc).

Discard the top 10cm of s@hd transfer remaining into a sterile container or self
sealing plastic bag to heeighed out upon return to the laboratory (alternatively 10
grams of soil may be weighed using measuring scales in the field directly into sterile
50 ml universal tubes if preferred).o not use your hands to manipulate the soil, as
this may crossontamnate samples.

Cap and label the container with study name, sample ID and date and place it in an
insulated container in the shade.

To prevent crossontamination, clean all instruments with water and remove all
visible dirt, spray with 70% ethanol and allto air dry, then wipe off residual

wetness with a clean paper towel prior to collecting the next sample. It is important
to clean and disinfect all equipment after EACH sample is collected.

Transport samples to the laboratory at ambient temperature withexposure to

direct sunlight. Samples can b®red at room temperature in a dark area. They
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should not be left in direct sun or in the heat/cold for multiple days. Process samples

as soon as possible.
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Figure 20 Samplingcollection techniques used for the isolation®fpseudomalldrom soil (Images

courtesy of Menzies School of Health Research, Australia)
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Figure21- Exampleof a study form used when collecting soil samples for the presenc8.of
pseudomalleiThe form is basedn a study form from Menzies School of Health Researchnaang

be altered based on specific stugyestions andequirements.

Water Sampling for théDetection ofBurkholderia pseudomallei

Choice of Water Sampling Sites

If the aim ofwater sampling is to investigate the potential source of infeciiba melioidosis patient
a thoroughhistory of patient activities within the last 23 weeks beforethe onset of disease is
important. Recording my activitiesthat may have resulted in potential exposureBo pseudomallei
(e.g., rice farming, construction work, swimmingiream/creekareaswith open wounds, aspiration
events, drinking unchlorinated well water) wikovide critical information about potential water
sampling sitesPossible collection sites include: unchlorinatedk/well water (directly from the
tank orfrom atap), pooled still water, creek/stream water; surface runoff e.g. drain watéDraper

et al. 2010; Limmathurotsakul et al. 2013)

In areas where melioidosis cases are rare, @sigeciallyimportant to collect as many samples as
possible from different watesourcesto increase the chans®f B. pseudomalladetection Ideally,
a minimumof 3-5 water samples per sitehould be collected, thougifi the area idarge or there
are multiple waer sources at a sitée.g.taps, drairs, bore head, untreated well/tankwater, etc.)

more samples (>10) should be collected.

Equipment andConsumables
1 For personal safety: gloves, closed shoes bacterialsoap or 70 % ethantd clean hands
and arms
91 1 liter sterile screw top bottles or containers
1 Extendable sampling pole (if collecting water from stream/drains)

1 Waterproofmarkersto labelbottles
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Sturdy lmxto storebottles
Camera
GPS

Study form

Water Sampling Procedure

1.

Lakel eachbottle or container clearlyith a waterproof pen. Includ¢éhe date, study and
samplenumber.

Recordstudy information(e.g. date, study name, location, etc.) in stedy form Take
pictures ofthe surrounding areaand at eactwater sample siteRecord GPS location data
of the site.

Collect water in &terile 1Lbottle or container(if 1Lof water is not availableollect atleast
300mL.). Avoid collectingwater directly from the surfacevhere possible, aB. pseudomallei
is UVsensitive

Store samples in a dark box or room at air temperature and pragsson as possible,
and at least within one week of collection.

All equipment should be cleaned with water and 70% ethanol between uses to prevent cross

contamination.

Sudy forms should contairadditional information such as:

1

1

Date

Location of site

Type of water samplesllected(well or tank watey creek drain etc.)

Comments about the area.qg., if there are angnimak or livestoclpresent,or if the water

is unchlorinated

Water color (B. pseudomallgiresence has been shown to correlate with increased levels of

iron and turbid/particle rich water)
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Figure 22Water sampling foB. pseudomallén (a) tank water (b) bore heads (c) drain water. (d)
An exanple of an appropriately labelled water collection bottle (Images courtesy of Menzies School

of Health Research, Australia).

Air Sampling

B. pseudomallesan aerosolize during severe weather events such as tropical monsoons or
hurricanes. There is now increasing evidence for the occurrence of melioidosis acquired by
inhalation after heavy rainfall and strong winds. Attempts to isoBit@seudomalldrom air

samples in melioidosisndemic regions have been largely unsuccesstfillérpast. However, the

use of portable air filters that concentrate air flow has been moreai¥e for the detection oB.
pseudomalle{Chen et al. 2015; Currie et al. 2018licrobial air samplers are used to collect a large

predetermined volume of air and capture the microorganisms onto a filter or antzaged growth
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medium(Whyte et al. 2007)Where air filtration devices are not available, steBlegpseudomallei
selective agar plates can also be heldbulder level to oncoming windileally, air samples for

B. pseudomalleshould be collected during storms or severe weather events, or when there is

increased risk of bacterial aerosolization, such as-pigissure hosing

Figure 23 Air sampling foB. pseudomallaisingportable electric filtration device (Sartorius MD8
Air Sampleranddisposable gelatine membrane filters (Sartorius 80rfimpages courtesy of

Menzies School of Health Research, Australia)

Equipment and Consumables

1 For personal safety: gloves, closed shdase mask (to prevent possible inhalation Bf
pseudomalleduring storms)antimicrobial soago clean hands

1 70% ethanol

9 Sterile dry membrane or gelatine filters (<618 pore size)diameter of filter will deped
upon the individual air sampler

1 Tweezers/forceps for filter removal

9 Sterile screw top containers seltsealing plastibags for filter storage

1 Waterproofmarkersto labelbags/containers

1 Sturdy loxto storebags/containers

1 Camera

1 GPS
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1 Study forms

Air Sampling Rotocol

NOTEThe exact protocol will vary based on the specific air sampler model and filter type

1. Placesterile dry orgelatine membrane filter into air filter systemsing clean gloves or sterile
forceps/tweezers.

2. Placeairfilter onto sturdy, flat surface at leasihe meter above the ground.

3. Turnthe machine on and run faa minimum of20 minutes(minimum 1000L fixed sample
volume).

4. Recordstudy information(e.g., dée, study name, location, etc.) in tleudy form Take
pictures ofthe surrounding areand at eactwater sample siteRecord GPS location data of
the site.

5. After 20 minutesremovethe filter with sterile forcepgweezersand placet in labelledsterile
screw top container or seffealing plastic bag.

6. Disinfect tweezers/forceps between uses.

7. Keep samples iaportablebox or containeuntil returning to the lab, do not refrigerate or
freeze.

8. Process filters immediately upon returnitmthe laboratory.

B. pseudomalleEnvironmental Swab Sampling

Swab samples can be used when sampling environmental surfaces for the pres8nce of
pseudomalleiThey are particularly useful when sampling small,-porous surfaces or objects
prone toB.pseudomalletontamination or biofilm formation, including some indoor household
areas (e.g., laundry taps, sink faucets, showerheads), the insides of water pipes or wellsthdres
have also been used to isolaBe pseudomalldrom animal enclosuresnéubators and tanks

previously (Dawson et al. 2020; Kaestli et al. 2019; McRobb et al. 2013; Rachlin et al. 2019).
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Swab Sampling Protocol
Equipment
9 For personal safety: gloves, closed shoesbawterialsoapor 70% ethanglfor cleaning
hands/arms
9 Sterile noncotton swabs (e.g. rayon, polyester or macrofoam)
1 Serile moisteningagent such as sterile water, saline solution, or phosplimitered saline
(PBS)
1 Sterile closable conical vial to store swab specimens
9 Sterile sealable plastic bao store vials
1 Waterproofmarkersto labelvials and bags
1 Camera
1 GPS

9 Study form

Protocol(CDC 2012)

1. Wearing a clean pair of gloveaemove the swab fronthe packagng. Holdthe swab near
the top of the handleensuring the absorbent head is not touched.

2. If the sterile swab is not preoistened, moisten the sterile swab by dipping it in the 10 mL
container ofsterile water, saline or PB®lution. Remove excess liquid dgpgntly pushing
the swab head otto the inside of the container.

3. Swab the surface to be sampled using the moistened sterile siabrecommended wipe
area is <100 cfmaking enough verticakSrokes to cover the entire sample area. Avoid

letting the swab dry completely.
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5. Place the swab in a sterile scr@apped container and break off the tip. Ensure #nd of
the swab, which has been handled by the individual collecting the sample, does not touch
the inside of the tube. Tighten the cap to secure and label the tube with the appropriate
sample identifiers and date and time of collection.

6. Place the contaer in a sealable plastic bag and label the bag accordingly.

7. Recordstudy informationin the study form Take pictures othe sampled area and of the
swab specimen for study record®ecord GPS location data of the site.

Chapter Summary

Environmental sampling can be used to determine the presence and distribut®npstudomallei
andidentify anyrisk of infection before cases are recogniz€dses of melioidosis are frequently

attributed to contaminated water sources, and increasingialation of aerosols. The preceding
chapter describes the current protocols for soil, water, air, and swab samplify fseudomalie

detectionin the environment. Visivww.melioidosis.infdo accesslownloadableprotocols and

additionalmechanisns for data collection and sharing


http://www.melioidosis.info/
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Chapter 8Specimen Processing and Diagnostic Testing Methods
Overview

Chapter Overview

Clinical specimens collectédm patients or animals that meet the case definition for suspected
melioidosis infection should undergo testing fhe presence oB. pseudomalleilhe following
chapterpresents an overview dhe currentrecommendednethods for B. pseudomallegpecimen
processing and diagnosi$ melioidosisWith some modifications, these methods can also be used
to process environmental samples. In many melioidesidemic areas, a simple thratsk

diffusion antimicrobial susceptibilityest and latex agglutinatioantigen detectiorare the most
usefuland widely usedhitial tests for screening oxidagmsitive Gramnegative rodghat are not
Pseudomonas aeruginodarotocols for the most widely used methods are describedketail later

in the manualExamples of common workflows used for tetection andidentification ofB.

pseudomalleare shown in Chapter 9.

Specimen Processing Safety

Early recognition of a potenti@. pseudomallésolate and appropriate specimen pessing are

key to minimizing laboratory exposure and allow for more prompt, effective treatniesdting
protocols should follow a workflow or algorithm and laboratoréé®uld decide what type of
workflow works best based on their setup and the local fabary regulationsDo not process
nonclinical (environmental or animal) specimens in hospital laboratordsss no other option is
available Veterinary laboratorieshouldhandleall animal specimens, while nonclinical specimens
should besentto the designated reference laboratory with experience in environmental specimen

processing (ASM 2016).



Chapter 10B. pseudomalléBacterial Culture Detection

All patient specimensuspected of containing. pseudomalleand culture isolateshould be

handledin a Biosafety Cabinet (BSC) wearing gloves and appropriate Personal Protective
Equipment (PPE}When availableBSE3 containment equipment and facilities are recommended

for all manipulations of suspect cultures, animal necropsiesearch involving the deliberate
propagation oB. pseudomalleand for experimental animal studies. BEpractices aralso
recommendedvhen preparingculturesand contaminated materials for automated identification
systems or when performing anproceduse that can generate an aerosdfl BSE3 facilities are not
available, such work should only be undertaken following a thorough and detailed risk assessment.
BSL2 practices, containment equipment, and facilities are recommended for primary inoculation of
cultures from potentially infectious clinical materidBVBL & ed. 2020;Peacock et al. 2008%ee

Chapters 3 and 4 for further guidance Bnpseudomalldiiosafety.

Quiality Control

Perform quality control of media and reagents according to manufacture instructions, recent

Clinical & Laboratory Standards Institute (CLSI) document M22 and Clinical Laboratory

Improvement Amendments (CLIA), or European Committee on Antimiclsakptibility Testing
(EUCAST; Europe/UK) standards using positive and negative controls. Ideally, labs undertaking work
on B. pseudomalleshould be accredited under an appropriate national or international scheme

(e.g. ISO 15189).

Examine culture platefor contamination, any cracks and dried out areas. Quality control checks
should utilize a positive and negative control organism and should be done for each batch of
reagents when possible. For frequency and specific protocols regarding quality ¢estimg,

refer to manufacturer guidelines and local and/or national regulations (ASM 2016).
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NOTEQuality control testing witlB. pseudomallestrains is not recommended since this presents
an unnecessary safety hazard. Substituting with avirulent srairusing near neighbors, liBe

thailandensishould be encouraged.

Diagnostic Testing Options

1. Gram Staining

The most common stain for presumptive identification of bacteria under the microscope is the
Gram stain, which is used to distinguish betweesngpositive and grammegative bacteria. Gram
positive bacteria stain purple because of to the presence of a thick layer of peptidoglycan in their
cell wall, while grammegative bacteria stain red/pink because of a thinner peptidoglycan wall that

does notretain the crystal violet stain.

Gram staining involves three steps: staining with a watduble dye (crystal violet), decolorization,

and counterstaining. Cells are initially stained with crystal violet dye. Gram's iodine solution is then
added and a complex is formed between the caysiolet and iodine. A decolorizer (e.g., ethyl

alcohol or acetone) is then added to the sample. Lastly, a counterstain such as safranin is added to
the samplg(Versalovic et al. 2011 he light microscope cahen be used to distinguish between
different bacterial shapes. While there are a variety of shapes, the most commonly seen are
coccus, bacillus, angbisal. Bacillus, such & pseudomalleiare rodshaped bacteria that usually

occur in single rods but may also form chains.

UponGram stainingB. pseudomalleppears as gramnegative (red/pink in colomod-shaped
bacillus often with a characterist"safety pin" appearance (bipolar staining). However, it is
important to note that the microscopic morphology Bf pseudomallds not always suggestive and

there may be absence of any bacterial structure, even in an appropriately stained smear af a goo
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guality sample. This is particularly true in patients receiving antimicrobial therapy, where the shape
may be highly atypical, filamentous, or may appear similar to that of yeasts. Additional forms of

diagnostic tests are always necessary to confirmpitessence oB. pseudomalldinglis et al. 2005)

Figure 24 Typical Granstain ofB. pseudomallainder the microscopeB. pseudomallés a gram

negative rod oftenwith a characteristic bipolar staining.

Gram Stain Protocol

Labs may ustheir own localGram staining protocols where available. An example protocol is given

below.
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Reagents

=

Fixative (methanol)

Crystaliolet solution

lodinesolutiono S®3d [ dza32f Qa A2RAY SO
Decolorizer

Safraninsolution

Equipment

w

w

Glasamicroscopedlides (and Coverslips if available)
Lenspaper

Immersionoil

Autoclavable waste container

Compound lightnicroscope with 40x and 100x objectives
Specimen

Tissue

Water and alcohalesistantmarkerpen

Gloves

Lab coatfown

Eyeprotection

Procedure

1.

Clinical specimens should initially be handled in a BSC (where availablappridipriate PPE.
Prepare smears of specimens or bacterial cultures according to local protocols.

Inside the BSCrap a thin film of fixative (ethanol) on the sme&pen flames are not
recommended inside the BS8llow to dry for a few minutesvlake sure the fixative is

completely dry(Calfee & Wendling 2015¥ollowing fixation, the slide may be removed from

the BSC.
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1. Over an autoclavable waste container, hold thelef the slide with a gloved hand and flood
the slide with crystal violet solution. Allow to stain for 1 minute.

2. Wash off the crystal violet solution with iodine solution. Then flood the slide with more iodine
solution and let stand for 1 minute.

3. Gently wah the slide with an indirect stream of water fol3%econds.

4. Flood the slide with decolorizer until no more purple color runs off the slide.

5. Gently wash the slide with an indirect stream of water fe8 8 conds.

6. Flood the slide with safranin solution et stand for 1 minute.

7. Gently wash the slide with an indirect stream of water until no color runs off the slide. Drain
the
access liquid by blotting slide on a tissue.

8. Gently overlaya coverslip. If not using coverslips, proceed directly to the micnosco

9. Place slide securely on the stage and turn on microscope. Examine the slide under 40x and
move the focus knob until the bacterge in view.

10. If needed, add a small drop of immersion oil to the slide and examine under the 100x objective.
Be sure to oyl use the fine focus when looking under 100X lens.

a. If you use the 100x objective, after examining the slide be sure to clean the objective
lens withlens paper to removexcessil.

11. Note the shape (coccoid, bacillus or spiral) and color obteteria in thesample on the la
worksheet for that specimen

12. When complete, remove the slide from the stage and place in a sharps container for proper

disposakccording to local protocol (pferably by incineration)
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Figure25- Example of amtocol for performing a Gram Stain in the microbiology lab.

Result Reaction

Gramypositive Cells appear blue to purple
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Gramnegative Cells appear pink to red

2. Bacterial Culturddentification

. OGSNRAFE Odzf GdzNE A& GKS OdzNNByld a3I2fR adl yRI NR¢
B. pseudomallés never found as part of the normal human microbiota, its isolation from any
clinical sample is considered diagnostic foe infection(Hoffmaster et al. 2015)t is crucial that

the correct clinical specimens are collected and sent to laboratories familiar with the disease for
culture identification. Blood, throat, and urine cultures should be done for all patients with
suspected melioidosis and specinsefinom localized infection (e.g., sputum, wound swabs, and
aspirates from abscesses) should also be collected when avditgdffmaster et al. 2015)Blood

should be inoculated into blood culture bottles as soon as possible to ensure specimen viability.
The organism grows well on mastutine laboratory media. However, sensitivity depends on

correct sampling of the infected site, specimen transport and prompt processing, and method of
culture Cimmathurotsakul et al. 2010$ince culture detection fdB. pseudomalldias low
sensitivity(60% overall), repeat cultures (especially of blood, sputum, urine and pus samples) may

need be performed for patients with strong indicationsdiseasgLimmathurotsakul et al. 2010)

Standard laboratory media (e.g. 5% sheep/horse blaad chocolate agar) support the growth

of B. pseudomalleiHowever, the use of selective media is critical, particularly for tissues or

specimens contaminated with normal human microbiota, such as sputum, throat or wound swabs,

or following centrifugation where low numbers of organisms may be present, suclinas ur

(Hoffmaster et al. 2015Ashdown agar is frequently used in endemic regi@rie et al. 2000;

Dance et al. 2009but it is not commercially available in most countries currently. The use of an
SYNAOKYSYy( OoNRGK aAYAEFNI G2 ! aKR2sY YSRAdZY 6A (K2
373 prior to plating on Ashdown agar may further increase bacterial yietdilso increases time

to laboratory diagnosifCheng et al. 2006\lternative selective media may also be used for the
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isolation ofB. pseudomalleincludingB. cepaciaelective agar anB. pseudomalleielective agar
(Peacock et al. 2005n the absence of specialized media, a colistin or polymyxin B disk can also be
positioned in the first quadrants of blood agar plates to help seledBfpseudomallgias the

bacterium is itrinsically resistant to these antimicrobigldemarajata et al. 201¢pee Chapter 10

for further detail).

B.pseudomallecolonies normally appear as smalinpointand crearcolored with a metallic

sheen on blood agar. Colonies may develop a dry or wrinkled appearance following 48 hours
incubation. On MacConkey agar, colonies are lactose nonfermenting and are originally colorless.
However, they often develop a pirski appearance after 48 hours and may also develop a metallic
sheen. On Ashdown agar, colonies typically develop into mauve to purple, flat, wrinkled colonies at
48 hours(Hoffmaster et al. 2015Figure 26)Laboratory identification oB. pseudomallaan be

difficult and the large, winkled colonies are often mistakersenvironmental contaminants,

particularly in countries where the bacterium is rarely obser@aony morphologys alsohighly
variable andne strain may exhibit multiple colony types. This can include coloniesarsthooth
appearance, so inexperienced laboratory staff may misidentify the organism or discard the growth

assuming it is environmental contaminati@@hantratita et al. 2007; Greer et al. 2019)

Detailedprotocols for the culture detection oB. pseudomallefrom clinical and environmental

samples are discussed in further detail in Chapter 10.
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Sheep blood
agar |

B. pseudomallei forms creamy colonies which are non-haemolytic and resemble a coliform. Slight metallic sheen. Becoming dry
and wrinkled after 2 days of incubation. E. coli has similar morphology and tends to overgrow B. pseudo.

o

Y/ B. pseudom} \ g :
MacConkey oae \ “

agar (n0.3) " N N AR

B pseudamalléi

. ¥ \
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_ E.coli Bty

B. pseudomallei resembles a non-lactose fermenting coliform (colourless). Becoming dry and wrinkled after 2 days of
incubation. E. coli is a lactose fermenter (pink to red colour) with colonies that become colourless on longer incubation.

Ashdown
agar

First visible colonies of B. pseudomallei are pinpoint with clear to pale pink color. They become darker pink to purple, flat,
slightly dry and wrinkled with a definite metallic sheen after 2 days of incubation. E. coli fails to grow because it is inhibited by

gentamicin in the agar.

Figure 26 Colony morphology dBurkholderia pseudomallen different culture medigimage

modified from Melioidosis.Info 2016).

3. ConventionalBiochemical Tests

The difference in proteirfat and carbohydrate metabolism, enzyme productiand compound

utilization areseveralfeatures thatcan be used fobacterial identification. Biochemical tests are
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also simple, inexpensive and can be easily applied to most laboratories. There are a variety of

biochemical tests that can aid in the diagnosiBopseudomalleiSome of these tests and

characteristic biosemical properties oB. pseudomalleare shown in the table below:

Basic Characteristics

Properties Burkholderia pseudomallgi

ArginineDihydrolase

Positive (+ve)

Catalase

Positive (+ve)

Citrate

Positive (+ve)

Gelatin Hydrolysis

Positive (+ve)

Gram Staining Gramnegative
HS Negative(-ve)
Indole Negative(-ve)
Lipase Positive (+ve)
*Maltose Positive(-ve)
Motility Positive (+ve)

Nitrate Reduction

Positive (+ve)

Oxidase Positive (+ve)
Pigment Negative(-\{e) (Some strains can produce pigmented colonies after
prolonged incubatioh

Shape Roda K I LIS R TLIAGyZEF FISLALS T NI vy OS 606 A LI2
Spore Negative(-ve)

*Sucrose Negative(-ve)

TSIA (Triple Sugar Iron Agar)| K/INC/HS-ve

Growth at 42°C Positive(+ve

* UsingRemelt OF King Medium

Any oxidasepositive, indolenegative, grammegative rodcannot be ruled out aB. pseudomallei

The organism is also catalagesitive, motile and displays no violet pigment on MueHlnton

agar(Inglis et al. 2005B. pseudomallemotility may be confirmed using triphenyl tetrazolium

chloride (TTC) indicator, which is convenient and can be safer than testing using the taoging

method. The colonie®ften produce adistictivemusty or earthy odorhoweverplates shold not
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be sniffed due to the risk of exposuf€DC 2004 )Another norpathogenic bacteriumB.
thailandensiswhich is rarely encountered in clinigabcticebut maybe detectedin environmental
samples, often resembldd. pseudomallebased on appearance and blremical profiles.
However B. Thailandensiss able to utilizd-arabinose as its sole carbon sourdéstinguishing it
from B.pseudomalle{Chaiyaroj et al. 1999B. mallei, the causative agent of glandecsnbe

distinguishedrom B. pseudomallddy its nonmotility and inability to grow at 42°C (ASM 2016).

4. Commercial Biochemical Identification Tools

Commercially available systems provide fastl convenientdentification to the species level as

well as detect novel or unusual strait@mmonly used and wedtudied systems for the
identification ofB. pseudomallenclude the AP2ONE (Figure 2AndbioMérieux Vitek 1 or Vitek 2
systems. These systems differ in whether they are manual, such as the API20NE, or automated,

such as the Vitek systenfSlass & Popovic 2005; O'Hara 2005)

Commercially available identification systems perform generally well and in reference laboratories,
if the bacterial isolate of question can grow on MacConkey Agar, a commerciahggative rod
commercial identification syst is normally used for nefermenters. However, fresh cultures

should always be used for accurate test{hgwe et al. 2002)Commercial bacterial identificati

kits often still fail to distinguish betweds. pseudomalleand closely related species suchBas
thailandensiand members of th@. cepaci@omplex (BCC) even if there is a positive culture.
Misidentification may also be caused by incorrect intetatien of tests, which can be difficult to
read(Inglis et al. 2005)r can be the result of limited panels used to create profiles.

commercial system reports an organism that is colistin or polymyxin B resistButldsolderia

cepacia, Chromobacterium violacewmB. pseudomalleit may still beB. pseudomalleand this

identification should be investigated. All identificationfB. cepaciar non-pigmentedC.
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violaceurmmust be investigated to rule ol&. pseudomallaising other testing methods (ASM

2016).
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Figure 27 API 20NE commercial detection system showing characteristic proflepseudomallei.

Examples of commonavkflows implementing biochemical testing used for the identificatioB of

pseudomalleare shown in Chapter 9.

5. Polymerase Chain Reaction (PCR)

PCR is a laboratory technigue used to amplify a single copy of DNA or RNA across several orders of
magnitude. This type of analysis can be useful with clinical or environmental isolates and

specimens, where the pathogen is unknown or only suspected, @sriirm purityor identity of a

sampleor isolate Using PCR, unique gene sequences found in the DRIApstudomallegan be

O2LIASR 2NJ &l YLE ATASRE (2 RSGSNXYAYS (GKS LINBaSyos
sensitivity and accuracy. It is importao remember that PCR is used to detect the presence of

bacterial DNA but does not represent active growth of the organism (ThermoFisher 2012).

Methods for PCR detection d. pseudomalleare covered in further detail in Chapters 125.
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6. Antimicrobial Sisceptibility Testing

Antimicrobial susceptibility testinfAST)s routinely used in melioidosendemic areaso identify
B. pseudomalleand to distinguish it from closely related species includingepacia The
antimicrobial susceptibility pattern @&. pseudomallés very characteristidn resourcelimited
areasthree discdiffusion ASTis routinely used to screen foesistance to gntamicin and colistin
(or polymyxin B) and susceptibility to amoxicitllavulanic acid (camoxiclavin gramnegative,
rod-shaped bacteria that produce cytochrome oxidéBance et al. 2017; Wiersinga et al. 2012)
This unusual pattern is enough to presptinely identify an oxidaseositive Grarmegative

bacillus as probablB. pseudomallgiTrinh et al. 2018)

Whereavailable ASTcanalsoutilize minimum inhibitory concentration (Ml&)ased broth
microdilution method however this can barduous and costly in endemic countries whilgh case
numbers (Karatuna et al. 2020enng et al. 2001; Wuthiekanun et al. 2008&raduated antibiotic
strips (Etests) magisobe used but trimethoprim-sulfamethoxaale and tetracycline endpoints
can be difficult to interpretlt should also be noted that the majority of strains in Sarawalk,
Malaysia are susceptible to aminoglycosides and macrolides, ingpicalrecommendations
isolation andASTdo not apply thergPodin et al. 2014)t is not known whether other such foci

exist, although this is possible.

DiskDiffusion Susceptibility Testing Protoc@aratuna et al. 2020)
1. Perform the antimicrobial susceptibility testing ifimlogical safety cabinet (BS&here
possible
2. Prepare inoculum oB. pseudomallésolated colonies selected from an-28 hour non-
selective agar plate to get a concentration of approximatebx10®* CFU/mL (equivalent to
a 0.5 McFarland standard).
3. Swab the bacterial inoculum onto the entire surface of Muelldinton agar in three

different directions (horizontal, vertical, and diagonal), to form a uniform lawn of growth.
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4. Dispense preferred set of antimicrobial disks.

a. EUCAST guidelinspecify amoxidin-clavulanic acidzeftazidime, imipenem,
meropenem, doxycycline, tetracycline, chloramphenicol &imdethoprim-
sulfamethoxazole for AST.

b. For presumptive identificatiora simple threedisk testing method can be applied
using gentamicin, colistin aramoxicillinclavulanic acidTrinh et al. 2018)See the
Table below for the recommended disk concentrations.

5. Incubate plates at 3&(+/- 2) for 1824 hours.

6. The resulting zones of inhibition need to be uniformly circular &itonfluent lawn of
growth.

7. Useinterpretative criteria for MICpublished by Clinical and Laboratory Standards Institute
(CLSI) foPseudomonas aeruginosad EnterobacteriaceaéCLSI 201%)r the European
Committee on Antimicrobial Susceptibility Testing (EUCASMI€eand disk diffusion zone
diameter criteriaof B. pseudomallEUGST 202Q(Table 12)available at:

a. https://clsi.org/standards/products/microbiology/documents/m45/

b. The European Committee on Antimicrokflsceptibility Testing. Breakpoint tables
for interpretation of MICs and zone diameters. Version 11.0, 2021.

http://www.eucast.org

NOTEThenew EUCAST criteristhe only internationally validated criteria falisc diffusion

testingthat is specific td. pseudomallei

8. Cautionshould be used whemterpreting zone diameter for trimethoprim
sulfamethoxazole (SXE)ncedisk diffusioncanovercall resistance. MICs or Etests are a
more precise alternative and should beedfor any isolate that appears resistant or
intermediate by disk diffusion.

9. B. pseudomallas normallysusceptible to ceamoxichv/amoxicillirclavulanic acid and
resistant to colistin or polymyxin B and gentamiclihis AST profile can be used for

presumptive identification of any gramegative oxidasgositive bacilli.


https://clsi.org/standards/products/microbiology/documents/m45/
http://www.eucast.org/
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Tablel2- MIC and zone diameter clinidadeakpoints set by EUCAST.

# For susceptibility testing purposes, the concentration of clavulanic acid is fixed at 2 mg/L.

*In EUCAST methodology, tetracycline disc diffusion is used to infer doxycycline suscdgtidityna

et al. 2020)
EUCAST MIC and zone diameter clinical breakpoints
for B. pseudomallei
Antimicrobial agent MIC breakpoints Zone diameter
5Aa40 02y (mglL) breakpoints (mm)
{ X R> { X R<
Amoxicillinclavulanic acitl 20-10 0.001 8 50 22
Ceftazidime 10 0.001 8 50 18
Imipenem 10 2 2 29 29
Meropenem 10 2 2 24 24
*Doxycycline/Tetracycline | 30 0.001 2 *50 *23
Chloramphenicol 30 0.001 8 50 22
Trimethoprim 1.2523.75 0.001 4 50 17
sulfamethoxazole

Figure 28 Examples of inhibition zones fBurkholderia pseudomallaiith trimethoprim-

sulfamethoxazolea-b) An outer zone can be seen. Read the outer zone edge and interpret
according to the breakpointg) Growth up to the disk and no sign of inhibition zone. &ép

resistant(EUCAST 2020)
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It is important to note that recent reclassifications by EUCAST have meant that many of the agents
usedtod NBI G YStA2AR2&dAa INB y2g OflaaArAFTASR Fa aLé
(Susceptible, standard dosing regimen). SiBcpseudomallds less susceptible to many

antimicrobial agents than many other bacterial species, this has resulted in a shift @ypéld

Aaz2flraSa FTNRBY (GKS Ww{Q OFGS3a2Ne G2 GdKS WwLQ OF (S3z

trimethoprim-sulfamethoxazte (Dance et al. 2021).

Despite this, laboratories should still adopt new EUCAST criteria, as they are the only
internationally validated criteria for testing. pseudomallédy disc diffusion. Clinicians should not
change prescribing practices when ttieg melioidosis on the basis of a laboratory report that says

SR 2y RAAO RAFTTFdaAaA2Y dzaAy3a (GKS ySg 9! /1 {¢

Q)¢

YLQ o
GNBFGYSYylG 2F OK2A0S RdAINAYy3I (GKS AYAGALl betdey i Sy a i @¢
majority of cases), as long as appropriately high doses are used (Dance DAB 2014; Sullivan et al.

2020). Trimethoprimgsulfamethoxazole should still be used for the eradication phase if it is

NBLZ2NISR Fa WLQ 6AYy (K 8arepric® @ohmitdatichd Isdldtesishoblg G &4 0 = ¢
not be reported as resistant on the basis of disc diffusion alone. MICs or Etests are a more accurate
alternative and should be undertaken for any isolate that appears resistant by disk diffusion

(Wuthiekanuret al. 2005).

7. B. pseudomalleAntibody and Antigen Detection

Antibody Detection

Even amongst culturpositive patients, isolation and confirmation Bf pseudomalldakes time

anda high level o$kill, which can result in delayed treatment. Serolobieatsare oftenusedas a
preliminary test in endemic areas to expedite melioidosis diagnosis. The sensitivity is significantly
lower than culture diagnosis and should only ever be used as an adjunct to epdtsed diagnosis,

since interpretation of gositive antibody test is difficult in endemic areas with high background
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seroprevalence ratefCharoenwongpt al. 1992; Lau et al. 2015; Vandana et al. 2086ine

patients with melioidosis also fail to develop antibodie8. pseudomallegspecially if
immunosuppressed (Cheng et al. 20@&hce a positive result suggests exposurB.to
pseudomalleitests may also be useful in determining if laboratory workers, military personnel, and
other returning travelers have been exposedhe bacterium(Hoffmaster et al. 2015; Wiersinga et

al. 2012). However, a negative result should not rule out the disease and bacterial culture should
always beattemptedin any patient with clinical presentations strongly suggestive of melioidosis.
There are several antiboderology tests currently in use for the detectionBfpseudomallei

which are ofteronly available in reference laboratories. The indirect haemagglutination assay (IHA)
is themost widely usederological assay for melioidosis worldwide, although itdack
standardizatiorand has poor sensitivitfHoffmaster et al. 2015)0ther tests include IgM and IgG
immunofluorescence assays (IFA) and enzlinteed immunosorbent assaysing a range of

different antigengELISA), which may hdtpavoid the observer bias of IHfSuttisunhakul et al.

2016)

B. pseudomalleRapid Antigen Detection

Antigen tests are immunoassays tltan be used to detect the presence dfecificbacterial

antigen and can indicate an active infection. They are comparatively inexpensive and several can

also be used at the poisif-care 5 A NSOG LC! |yR alyRgAOK alydAasSy
utilize monoclonal antibodies raised agaiBstpseudomallemvhole cell extract, are employed in

some highly endemic areas (Lau et al. 2015). A monoclonal anttizsBd latex agglutination

assay is also available which can help to ide®&ifpgseudomadiiin cultures or blood culture broth

(Duval et al. 2014and a rapid diagnostic lateral flow immunoassay (LFI), called the Active

Melioidosis Detect, has been widely evaluated in endemic gtdagghton et al. 2014; Shaw et al.

2018)

(@]
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B. pseudomalleantibody serology and rapid antigen detection assays and protocols are

described in further detail in Chapter 11.

8. Matrix Assisted Laser Desorption lonization TimEFlight MassSpectrometry (MALDTOF
MS)

MALDITOF MS is increasingly being implemented as a diagnostic tool for rapid bacterial

identification. It relies on the comparison of mass spectroscopy profiles against a database of
isolates of a known specieBhere are two main types of databases: 1) a closed database where
isolates have been previously verified and uploaded by the manufacturer and 2) an open database

where isolates can be added by the user.

MALDITOF MS is a molecular technique used to safggproteins or peptidegh a sample, which

are portrayed as peaks on a spectriifrigure 29)The tool has been shown to be effective in the
identification of various notfiermenting, gramnegative bacilli, including sevelirkholderisspp..
Several studies have nosvaluateddifferent MALDITOF MSystems for the detection d.
pseudomalleiincludingthe Bruker MALDI Biotyper, Vitek MS (bioMérieux), and Andromas systems
(Inglis et al. 2012; Lau et al. 20BRtttisunhakul et al. 2017The widespread implementation of
MALDITOF MS foB. pseudomalldaboratory diagnosis is currently hindered by the scarcity of
isolate profiles in existing closed databagarger et al. 2012ffforts to add.

pseudomalleisolates to local open databases are under way in some melioidodismic areas.

hyS &adzOK 2Ly RIGFolrasS Aa GKS ! ®o{d / SYyGSNAR F2NJ -
which allowsaboratories to search isolates by protein profiles generated by MAOB MS
instruments. The free online database also provides additional information on genetic sequence
information, biochemical and morphological characterization, and antibiotic resistprofiles for

many rare and unusual pathogens. Vigips://www.cdc.gov/microbenet/index.htmfor more

information and database access.


https://www.cdc.gov/microbenet/index.html
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Figure 29 An example oMALDITORMS resultof B. pseudomalleand eightrelated Burkholderia

spp.The vertical axis displayise relative intensities of ions and the horizontal adisplaysmass to

charge ratio (m/z) or masses of ions ([Bittisunhakul et al. 2017)

Chapter Summary
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All specimens frompatientsandanimalsthat meet the case definition for suspected melioidosis
infection shouldbe tested for B. pseudomalleiTheprecedingchapterdescribeghe currentroutine
methodsof B. pseudomallgirocessing for the accurate diagnosfanelioidosisDetailed protocols

for the most commonly used methods are discussed further in subsequent chapters.
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Chapter 9Testing Workflows for the Identification Bf
pseudomallei

Chapter Overview

Samples fronpatientsor animalsthat meet the case definition for suspectedelioidosis should
undergotesting forB. pseudomalleiThis testing protocol should follow a workflow or algorithm.
Laloratoriesshould decide what type of workflow works best for their setbhpwever, keep in
mind culture detectioris generallyaccepted as the gold standafol laboratorydiagnosiof B.
pseudomalleiSome suggested workflovesd ruleout flowchartsthat laboratories may utilize

when encountering a suspectd&] pseudomallésolate from clinical specimens askown below.

TestingWorkflow 1 (APHL 208):
Microscopy Characteristics

1. Gram Stain

a) Smallgram-negative rods (B x0.4n ®y > Y0
b) Organized in long, parallel bundlésmooth form) or irregularly (rough form)
c) Bipolar staimg(not seen in mucoid strains)

2. ColonyMorphologyand Growth

a) OnSheep Blood agar (BAP) and Chocolate agar (CHOC)

71 Pinpoint colonies at 24 hours becomingaoth, creamy white coloniedVay

exhibitmetallic sheer»48 hours

1 Colonies maghowmucoid or dry and wrinklechorphologyafter 4872 hours

b) Pink onMacConkey agaMAQ or EosinMethyleneBlue agar (EMBat 2448 h due to

oxidation of lactose
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c) Growth at 42°C

d) Characteristic musty or earthy smell (do not sniff plate)

24 HOURS ON BAP 24 HOURS ON CHOC

72 HOURS ON BAP 72 HOURS ON CHOC
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24 HOURS ON MAC 48 HOURS ON MAC

3. Biochemical Testg

a. OxidaseBurkholderia pseudomalled oxidase positive (+).

4. 3-Disk Diffusion Antimicrobial Suscdpti Testing

1. Ensureinoculum is prepared ia biological safety cabinet (BSC) where possibigk
diffusion method may be usefdr presumptive identificatiorin resourcelimited
laboratories, buif possible, testing should also include bratiution MICsor Etest

sincediskdiffusion methodcan overestimate resistance.
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2. Use interpretative criteria for MICs published by Clinical and Laboratory Standards
Institute (CLSI) fdPseudomonas aeruginosad Enterobacteriacea@CLSI 2015) or the
European Committeen Antimicrobial Susceptibility Testing (EUCAST) for MIC and disk
diffusion zone diameter criteria &. pseudomalldEUCAST 2020), available at:

a. https://clsi.org/standards/products/microbiology/documents/m45/

b. The European Committee on Antimicrobial Syitality Testing. Breakpoint
tables for interpretation of MICs and zone diameters. Version 11.0, 2021.
http://www.eucast.org.

3. B. pseudomallés susceptible to amoxicillicdavulanic acid but resistant to colistin,
polymyxin B and gentamicifithis AST pfide can be used for presumptive

identification of any granmegative oxidas@ositive bacilli.

4. Monoclonal AntibodyBased Latex Agglutination

1. Positive latex agglutination test (left)lelioidosis.Info 202)

If you see the following characteristics:
w D Mégative coccobacilli that may demonsteatipolar staining

w DNRgiUK 2F ONBI YICHORanpoSsibienetalicysHechat 42y . ! t
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wPink gowth on MACEMBat 48 h

wGrowth at 42°C

w al @& dikinct@enusty odor

w hEARF&S 0b0

wResistant to colistin and polymyxiraBd sisceptible to amoxicillin/clavulanic acid
wPositive latex agglutination test

w ! YR Ol y B@kholddkidzpséudandiéising the protocol flow chathen you

cannot rule outB. pseudomallei

Testing Workflow 2APHL 2016; ASM 2016)

Burkholderia pseudomalleshould besuspected and cannot be ruled out if the isolate fulfils the

following characteristics:

1. Gram Stain:

a. B. pseudomallés a Grammegative rod that may exhibit bipolar staining.

2. ColonyMorphologyand Growth

a. On blood gar,B. pseudomalleappears as grewhite creamy colonies, which may
gradually change after48 hto dry, wrinkled colonies.
b. Colonies are noimemolytic.
c. B. pseudomalladoes not show any pigment on Mueller Hinton agar.
a. On MacConkey agar, colonies anitially lactose nonfermenting, and coleds,
YR YIe& RS@St2LI+ YSilFtftAO aKSSy gAGK | L

(mimicking lactose fermenters)
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d. On Ashdown agar, colonies are typically pinpoint in siZtatandbecome
purple, flat,andwrinkled at 48 h.

e. Often produces aharacteristianusty or earthy odordo not sniff plates!)

f. Growth at 42°C.

3. Biochemical Tests:

a. Indole Burkholderia pseudomalles indole

negative {). i '

Negative | Positive

b. Motility- Use Motility Test Medium with 2,3;5
triphenyltetrazolium chloride (TT@urkholderia

pseudomalleis motile (+).

Cc. OxidaseBurkholderia

pseudomalleis oxidase positive .
» L

(+).

L - A T 4
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d. CatalaseBurkholderia
Weak

Positive

Negative

pseudomalleis catalase positive ek
(+).NOTEIt is recommended . N
that this test be performed in a
BSC om a covered dish or tube
to ensure the containment of
aerosols that are produced

when the test organism

generates a positive result.

Uninoculated | Positive Controls

e. Arginine dihydrolase Neg/Pos NF Base/Positive

(decarboxylaseBurkholderia

pseudomalleis arginine positive.

(see NF Base/Positive)

4. Commercial Gramegative identification panels (such as API 20NE and Vitek 1 or 2)

a. Identifications ofChromobacterium violaceufor organisms that are not violet in
color or are nonhemolytic could & pseudomallei
b. Identifications ofB. cepacidor organisms that are susceptible to amoxicilin
clavulanate could b8. pseudomallei.
c. lIdentifications oB. cepaciaecovered from the blood or tissue ofr@n-cystic
fibrosis patientcould beB. pseudomallei
d / 2YYSNOALFET aeadSvya (K laiorghiisth$hatGoeBnsasRSy (A FA

potentially B. pseudomallaiould beB. pseudomallei.
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5. Polymerase Chain Reacti(fPCR)

a. PCRoositive using a validatefl. pseudomallespecific assay (e.g., TTS1).

Figure30- B. pseudomalleule-out testing algorithm (APHL 201

NOTEIt is important that a referencelaboratory always confirnsidentification of B.

pseudomalleidue to biosafety concerns anthe dangers of misidentification.

























































































































































































































































































































































































































































































































































































































































































































































