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1 General information

View general information related to UK SMIs.

2 Scientific information

View scientific information related to UK SMis.

3 Scope of document

This UK Standards for Microbiology Investigations (UK SMI) document d %es the
identification of Pseudomonas species and other non-glucose fermente@at have
been associated with human infection. It includes culture, Gram stai qu matrix
assisted laser desorption ionization-time of flight mass spectrom ALDI-TOF MS)
for the identification of microorganisms from culture. Some bj Wemical tests may not
be done routinely in laboratory except in cases where confirrﬁﬂion by an alternative
technique is required or automated methods are not avakte.

The test procedure for MALDI-TOF MS is covered@SMl TP 40: Matrix-assisted
laser desorption/ionisation - time of flight mass sp¥dometry (MALDI-TOF MS) test
procedure. It also includes molecular methods.gr glternative identification and
confirmation (b

This document does not cover detect@of Bordetella or Moraxella species. For
information identification of these g please see UK SMI ID 5 — Identification of
Bordetella species or UK SMI ID @96 Identification of Moraxella species and
morphologically similar organi .

The direct identification of @X’roorganisms from samples is beyond the scope of this

document. For inform%@grelated to direct identification, please refer to the other UK
SMI categories. \O

Antimicrobial@ug'&ptibility Testing (AST) is also beyond the scope of this document.
However, fo ctive antibiotic stewardship, laboratories should perform AST on all
clinically s@¢fticant isolates, particularly in cases of poor treatment response. For
furthec'@rmation related to AST, please refer to the other UK SMI categories.

This document addresses laboratory processes for microorganism identification and is
not intended for primary healthcare guidance. For relevant information please refer to
the UK SMI Syndromic documents.

UK SMis should be used in conjunction with other relevant UK SMis.
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Identification of Pseudomonas species and other non-glucose fermenters

4 Introduction
4.1 Taxonomy and characteristics

Pseudomonas species

The genus Pseudomonas is a large and complex heterogeneous group of organisms
belonging to the family Pseudomonadaceae in the order Pseudomonadales (1). They
are constantly undergoing continuous taxonomic revision due to improvements in
methodologies of species identification. Following DNA hybridisation studies, b‘
Pseudomonas species were split into 5 groups (I-V) based on rRNA hom ,
however groups II, Ill, IV and V have since been reclassified into other ra (2). The
type species is Pseudomonas aeruginosa (1). (b%

Pseudomonas species are Gram negative straight or slightly cyr rods (3). They are
non-spore forming and motile by means of one or more polaf JlAgella. They have a
very strict aerobic respiratory metabolism with oxygen by {f) some cases, nitrate has
been used as an alternative that allows anaerobic gromb 4). Most species are
oxidase positive (except Pseudomonas luteola an udomonas oryzihabitans) and
catalase positive (5). q,

Pseudomonas species are split into fluor@nd non-fluorescent species.
Fluorescent species (including Pseudomonreas aeruginosa, Pseudomonas fluorescens,
Pseudomonas putida) secrete pyove@ﬁ&, a fluorescent yellow-green siderophore
under iron-depleted conditions (6 Qertain Pseudomonas species may also produce
additional types of siderophore h as pyocyanin and pyochelin by

P. aeruginosa (7,8). @

P. aeruginosa is the gluc@%non-fermenting Gram negative rod most often associated
with human infection Qaeruginosa can grow under a variety of conditions, surviving
temperatures of u xX742°C and has been isolated from a variety of samples, including
human skin, t " and stool samples as well as soil and water samples (9).

P. aerugino n cause a variety of infections including pneumonia, otitis externa,
lower re ory infections in cystic fibrosis. Multi-drug resistant strains are frequently
isolat@%x therefore accurate identification is important (10).

Infection with other Pseudomonas species is uncommon, occurring mostly in
immunocompromised patients (5). These species include, P. fluorescens, P. putida,
P. oryzihabitans, P. luteola, Pseudomonas alcaligenes, Pseudomonas stutzeri,
Pseudomonas mendocina, and Pseudomonas veronii (5).
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Other non-glucose fermenters

Burkholderia species

The genus Burkholderia belongs to the family Burkholderiaceae (1) . Many
Burkholderia species were reclassified from the genus Pseudomonas. The type
species is Burkholderia cepacia (1). The B. cepacia complex (Bcc) consists of 22
closely related species most of which are opportunistic pathogens (11). The species
within the B. cepacia complex that can cause infections in CF patients are
Burkholderia multivorans and Burkholderia cenocepacia, (12,13). There are a further 3
Burkholderia species associated with human infection, including Burkholdepi-i/htadioli,
Burkholderia pseudomallei and Burkholderia mallei (14). Q

Burkholderia species are aerobic, non-spore forming, straight or curv ram
negative rods. Some species can reduce nitrate for anaerobic re%@ (15). All
species, except for B. mallei, are motile usually with multiple p%g agella, oxidase
positive and catalase positive (14). (l/

O
Stenotrophomonas maltophilia X

™
The genus Stenotrophomonas has one species, %(krophomonas maltophilia that is
known to cause infections in humans, (14). S. maltophilia is a pathogen associated
with infections in immunocompromised indiyg s (16). They are strictly aerobic,
motile with one or more polar flagella, ﬁ&legaﬂve straight or curved rods. Most
strains are catalase positive and oxid negative however some rare strains may
show some oxidase positivity (16).Q\maltophilia is often isolated from nosocomial
infections.

\$®
Acinetobacter species Q\'

The genus Acinetoba Relongs to the family Moraxellaceae. The type species is
Acinetobacter cal &cus (1). Several similar Acinetobacter species have been
associated Wit)@an infection. These are classified as the Acinetobacter
calcoaceticu@s etobacter baumannii complex, however the species most isolated is
A. baumap(17).

Acinqugcter species are short, non-spore forming Gram negative rods, typically 0.9 -
1.6 by 1.5-2.5um, often becoming coccoid and appearing as diplococci (18). They
may not readily decolourise on Gram staining and demonstrate variable stain
retention, along with pleomorphic variations in cell size and arrangement. Many strains
are encapsulated. Acinetobacter species are strict aerobes, oxidase negative,
catalase positive, non-motile and non-fermentative (18).
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Less common non-glucose fermenters

There are many other morphologically similar organisms that have occasionally been
isolated from clinical specimens (see Table 1 for details). These organisms are rarely
isolated but should be considered. They are usually found in association with
contaminated medical devices or in patients who are known to be immuno-
compromised. Several of these genera are emerging as nosocomial pathogens and
have been linked to outbreaks in cystic fibrosis centres (19,20).

Table 1: Less common non-glucose fermenters (21-34)

Genera Type Species Family Morphology D‘
QL
Acidovorax Acidovorax facilis Comamonadaceae Straight/Slightl ed rods with
one/two polag§agella.
Round c with smooth to
scallop preading margins.
Achromobacter Achromobacter Alcaligenaceae Sfr-iight rods with rounded ends with
xylosoxidans ,‘@20 sheathed flagella.
b‘ ‘Circular, convex, glistening colonies
with smooth margins.
Qv °
. . . . v T .
Alcaligenes Alcaligenes faecalis Alcallgenactg$r Rods or coccobacilli with 1-9

peritrichous flagella.

Brevundimonas

Brevundimonas

N
%Lﬁacteraceae

Rod-shaped, sub-vibrioid, vibrioid with

)

.

diminuta single polar flagella.
Q
Delftia Delftia acidovor@ Comamonadaceae Straight/slightly curved with
polar/bipolar tufts of 1-5 flagella.

Elizabethkingia

ElizabethBia
meng'@ tica

Weeksellaceae

Straight, single rods with rounded
edges.
Circular, convex, shiny colonies.

Comamonas
N

S
Q
cO

O

\ ¥
omamonas

’terrigena

Comamonadaceae

Straight, slightly curved rods/spirilla
with polar/bipolar tufts of 1-5 flagella.
Colonies are round, convex with
smooth to wavy margin, with smooth to
granular surface.

h—d .
Methylobacterium

Methylobacterium
organophilum

Methylobacteriaceae

Rods that occasionally branch/exhibit
polar growth with one or more polar
flagella.

Smooth raised colonies with entire
margins.

Ochrobactrum

Ochrobactrum
anthropi

Brucellaceae

Rods with parallel sides/rounded
edges and peritrichous flagella.
Smooth, low and convex colonies.
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Genera Type Species Family Morphology
Pandoraea Pandoraea apista Burkholderiaceae Rods with one polar flagella.
Ralstonia Ralstonia pickettii Burkholderiaceae Rods, with single polar flagellum and

peritrichous flagella.
Beige coloured, domed, smooth

colonies.
Roseomonas Roseomonas Acetobacteraceae Plump cocci, coccobacilli, short rods.
gilardii Raised, entire, glistening, mucoid
colonies.
Shewanella Shewanella Shewanellaceae Straight or curved&with a polar
putrefaciens flagellum. (3/
Colonies are pale’tan to pink-orange.
Sphingobacterium Sphingobacterium Sphingobacteriaceae Straigh&mithout flagella.
spiritivorum
p (\b‘
o

5 Technical information a mitations

Identification of these species can be difficult duglg similarities in characteristics.
Clinicians are encouraged to ensure they are re of any further taxonomy changes
and take this into account when interpreti oratory results. All databases including
MALDI-TOF MS, should be updated cﬁQr ingly. Changes in taxonomy should be
considered when using commercial ids#tification systems.

Differentiation of species withi B. cepacia complex (Bcc) can be particularly
problematic, even with an exts ed panel of biochemical tests, as they are
phenotypically very simi @hd most commercial bacterial identification systems
cannot reliably distinggigh between them (35). Other organisms such as S. maltophilia
may be misidentifi@s Bcc.

6 Saf considerations

The secti overs specific safety considerations (36-57) related to this UK SMI, and
shoul read in conjunction with the general safety considerations.

B. mallei and B. pseudomallei are Hazard Group 3 organisms. Any suspected
isolates and specimens must be handled in a containment level 3 room. If these
isolates are submitted to the reference laboratory, please contact them in advance.
Due to the severity of the risks associated with aerosol exposure, all suspected

B. mallei and B. pseudomallei should be undertaken in a safety cabinet until it has
been ruled out.

Laboratory-acquired infections have been reported sporadically among laboratory
workers and further potential exposures have been reported (58,59). If exposed,
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workers should follow local protocols and may be required to start post exposure
prophylaxis.

Refer to current guidance on the safe handling of all organisms documented in this UK
SML.

The above guidance should be supplemented with local COSHH and risk
assessments.

Compliance with postal and transport regulations is essential and must meet the
requirements of the reference laboratory.

7 Target organisms ™
Please refer to Table 2 for Pseudomonas species and non-glucose fernﬁ&rs
associated with human disease. *

8 Identification b‘®®

Colonies on primary isolation media are presumptively identﬁbd by colonial
morphology, Gram stain, oxidase activity and pigment pm\'@ction. Further
identification is determined using MALDI-TOF MS or(ﬁ(ecular methods including
NAAT and 16S rRNA gene sequencing. When MA@ OF MS is unavailable,
identification can be confirmed using phenotypi (tlsts and/or referral to a suitable
reference or specialist laboratory &

>
8.1 Culture methods Q/\®

Culture methods can be used to tde a presumptive identification of Pseudomonas
species and other non-glucose @%ﬁ'nters. Following presumptive identification,
further identification metho luding MALDI TOF-MS, biochemical tests or
molecular methods are @

8.1.1 BacteriqL@%wth medium

Pseudomona&rggzies have no specific nutritional requirements and are non-
fastidious herefore grow well on all standard laboratory media. Other non-glucose
fermtzﬁtf) Iso grow on most standard laboratory media but may require selective
medi inhibit the growth of Pseudomonas species.

Primary isolation media

Isolates will grow on all standard culture media after incubation for 48-72 hours
including 5% sheep blood agar in air, Chocolate blood agar in 5-10% CO: or
MacConkey / CLED agar in air at 35-37°C (5,14). Some strains of S. maltophilia may
grow best at lower temperatures (60).

For Burkholderia species, selective media is recommended, see section 8.1.1.2
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Please note that visible growth should occur after 48 hours but in samples from cystic
fibrosis patients, growth may be slower and therefore incubation for up to 5 days may
be required.

Selective media

Selective media can be used to aid in isolation and identification of Pseudomonas
species and other non-glucose fermenters. Pseudomonas selective agar can be used
when isolating P. aeruginosa. Samples should be incubated in air at 35-37°C for 24-
72 hours (5,35). It is important to note that on Cetrimide agar medium P. aeruginosa
can lose its fluorescence under UV if the cultures are left at room temperaturg\for a

short time. q/
Burkholderia selective agar is commercially available and is recommenﬂa%or
isolation of B. cepacia complex and B. pseudomallei (35,61). For isqﬁ%n using

B. cepacia selective agar, isolates should be incubated accordin anufacturer’s
instructions or for at least 72 hours, however growth can tak?g?‘long as 5 days.

S. maltophilia has been effectively isolated using selective@ dium with added
vancomycin, imipenem, and amphotericin B (14,35). b‘

8.1.2 Colonial appearance Q,Q

Colonial appearance varies significantly wi les. Some Pseudomonas species
can fluoresce under short wavelength t, including the type species

P. aeruginosa. Pseudomonas specie duce colonies are usually large and smooth
with flat edges but variants that aregQugh or mucoid exist (5). Colonies produced by
Burkholderia species vary acco to species and medium used. For example,
B.cepacia complex species ce smooth colonies on blood agar but on
MacConkey agar colonies @™ be punctate (14). For more detailed descriptions of
colony morphology re#&@ section 8.2, Table 1.

8.2 I\/Iicros\@\o)ic appearance

8.2.1 Gr tain
Please @ to UK SMI TP 39 - Staining Procedures.

All spg?es included in this document are Gram negative straight or slightly curved
rods. Some Acinetobacter species may not decolourise with Gram staining and have
variable stain retention (18). Acinetobacter species can be rod-shaped or cocci (62).

For information on the microscopic appearance of individual species refer to table 1
below.
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Table 2: Microscopic and Colonial appearance of Pseudomonas species and
other non-glucose fermenters (3,5,14,15,18,62,63)

Please note that the information in this table provides general characteristics of colony
appearance and can vary among different strains and culture conditions.

Species

Appearance

Additional Comments

P. aeruginosa

Small rods with a single polar
flagellum.

Colonies are usually large and
smooth with flat edges but
variants that are rough or
mucoid exist. Pitting is common
larger colonies.

Colonies may have a metallic
sheen and will fluoresce under
short wavelength ultraviolet
light.

Can grow in temperatures up to 42°C.

™
(19(1/
Q&

O

P. putida and P. fluorescens

Both do not possess distinctive
colony morphology.

Both fluoresce under shortfl/b‘

wavelength ultraviolet |j

grygrow at lower temperatures from

X
QQQ
\30
X

%@)}notlle rods with a

lar polar flagellum

;§olomes are adherent and
wrinkled. They can also pit or
adhere to the agar and are dark
brown.

Colonies can become smooth
and pale following inoculation.

P. monteilii, P. veronii and P. Motile rods. None
mosselii Colonies are ir' and non-
pigmented rown on
nutrient They are also
non- hae tic on blood agar.
P. stutzeri None

P. mendg&%
@,

Colonies are smooth, non-
wrinkled and flat producing a
brownish yellow pigment.

Can grow at temperatures up to 41°C.

P. alcaligenes and P.
pseudoalcaligenes

Both species are motile by a
singular polar flagellum. They
are both non-pigmented and do
not have a distinct colony
morphology.

Rarely encountered. The optimum
growth temperature is 35°C.

P. luteola and P. oryzihabitans

Rods with rounded ends and
multitricous flagella.
Colonies typically exhibit rough,

wrinkled and adherent or, more

Growth can occur at 42°C
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Species

Appearance

Additional Comments

rarely smooth colonies. They
produce a non-diffusible yellow
pigment.

B. cepacia complex

On MacConkey agar colonies
are punctate, tenacous and
appear dark pink/red.

On blood agar colonies are
smooth, raised and
occasionally mucoid.

None

B. mallei

On nutrient agar, colonies are
smooth, grey and translucent.
On MacConkey agar, growth is
variable.

Non-motile. Rare@éted from
humans. (1/

B. pseudomallei

Appear as Gram negative
bacilli.

Colonies are small, smooth and
creamy initially. After 48 hours

colonies can become wrinkled xlO

and dry.

De

Motile @asionally can produce a
yellcg‘p ent.

N

S. maltophilia

Straight or curved rods t
grow singly or in pairs,
with single flagella.

Colonies are roug Q&j may
appear yellow on
blood agar)\

Some strains can produce slight -
haemolysis.

Acinetobacter species

Q

Q

Plump rd{@whilst growing but
can bgdeme spherical during
the onary phase of growth.
often occur in pairs.
lonies are normally smooth,
Msometimes mucoid, usually
non-pigmented.

No flagella but twitching mobility can
sometimes be observed.

’\\ -

8.3 Matri@;%sisted laser desorption ionization-time of
flight g&%‘s spectrometry (MALDI-TOF MS)

MALDIFTOF MS is used as the primary method for identification of Pseudomonas
species and other non-glucose fermenters (64). Therefore, it is important that this
method is appropriately validated, manufacturer instructions carefully followed,
available database updates installed and reviewed, and the use of an extraction step
that can contribute to a more reliable species identification should be considered.

MALDI-TOF MS is used for the identification of Pseudomonas species including
P. aeruginosa and to identify B. pseudomallei (65). This technique has also been
utilized to aid in the identification of Acinetobacter species and S. maltophilia (66,67).
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MALDI-TOF MS, however, may not identify specific species within the

B. cepacia complex (68). In this case, further testing or referral to reference or
specialist laboratories is recommended. It is important to note that when results are
inconsistent, further methods should be used to ensure accurate identification of
isolates.

When less common non-glucose fermenters, including those in Table 1, are
suspected, MALDI-TOF MS should be used for identification, when available. MALDI-
TOF MS may not be able to identify Achromobacter, Pandorea, Elizabethkingea and
Ralstonia species as they are not included in most databases, and therefore molecular

methods should be used (35). b‘
o S
8.4 Further Identification Vv

8.4.1 Biochemical tests and commercial identific@gﬁ systems

Biochemical tests are no longer routine in laboratories but ar(elysed in cases when
MALDI-TOF MS is unavailable or when MALDI-TOF MS @Jlts are inconclusive.
Discrepancies in test results should be referred to th &propnate reference or
specialist laboratories for further testing. Assessm Fl(ate reduction, arginine
dihydrolase and pyoverdine production, for exa , can help differentiate between
similar species. For example, P. aeruginos h@e positive arginine dihydrolase, nitrate
reduction and oxidase tests, which when d with colonial morphology, can
provide identification.

Examples of biochemical tests usé%r identification purposes are included in
Algorithm B. For full biochemi ofiles of all the species in this document, please
consult the relevant chapte&je Manual for Clinical Microbiology book or
manufacturer’'s guidance&M,GZ).

Please note bioch I tests are not recommended as an identification method for
samples from CK' ibrosis patients (35).

8.4.1.1 O{Qﬁ?se test
)

Pleasgtbfer to UK SMI TP 26 - Oxidase Test.

Most Pseudomonas species are oxidase positive, except P. luteola and
P. oryzihabitans. P. aeruginosa is oxidase positive however, some strains of
P. aeruginosa display a slow oxidase reaction (5).

Other non-glucose fermenters have variable results depending on species.
B. pseudomallei are oxidase positive, whereas B. mallei and B. cepacia complex have
variable results to the oxidase test. When coupled with colonial morphology, the
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results of the oxidase test can aid in providing preliminary identification for isolates
(14).

8.4.1.2 Commercial identification systems

Commercial identification systems do not provide definitive speciation of many of the
clinically significant, glucose non-fermenting Gram negative bacilli. There are some
that are available for identification of P. aeruginosa however for identification of other
Pseudomonas species, commercial identification kits are not considered accurate (5).
Commercial identification systems can be used to identify species in the

Burkholderia cepacia complex but are not sufficient alone and should be copffed
using molecular methods (69). Q

All identification tests should be performed from non-selective agar. L% atories
should follow manufacturer’s instructions and rapid tests and kits aQ@¥d be validated
prior to use. If confirmation of identification is required, isolatexs‘ d be sent to the
appropriate reference or specialist laboratory. (1/

8.4.2 Molecular Methods b&\o

Molecular techniques have made identification o‘ﬁk species more rapid and
precise than is possible with phenotypic techni . However, some of these methods
remain accessible to reference laboratorie %and are difficult to implement for
routine bacterial identification in a clinicgl N3oratory.

NAATSs have been assessed for the r@ and reliable identification of P. aeruginosa.
NAATSs are much faster than cultygsbased methods and could allow cystic fibrosis
patients to receive treatment g

They have been used suc ully for the rapid and reliable detection of pathogenic
Burkholderia species — MQ)Rholderia mallei and Burkholderia pseudomallei. The high
reliability and sensiti f the PCR assay has also made it very useful for screening
of samples contaj few organisms and potential inhibitors, as is the case in many
environmental clinical samples (71).

O

NAAT of t cA gene or Whole Genome Sequencing are recommended when
organ§r§3 n the Bcc are suspected in cystic fibrosis patients, to allow accurate
speciasdn. If unavailable in the diagnostic laboratory, isolates should be sent to the
relevant reference laboratory (35).
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9 Storage and Transport

For short term storage, isolates should be kept refrigerated at 4°C.
For long term storage, isolates should be frozen at -80°C (72).

In case of sending to laboratories for processing, ensure the specimen is placed in
appropriate package and transported accordingly.

If required, save isolate on blood or nutrient agar slopes or charcoal swabs for referral
to the reference or specialist laboratory.

Follow instructions provided by the reference laboratory for sending isolates. Refer to
Section 11: Referral to reference laboratories for sending isolates to the riate

laboratory (]/
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10 Reporting
10.1 Infection Specialist

Inform the medical microbiologist of presumed or confirmed B. mallei and
B. pseudomallei isolates.

The medical microbiologist should be informed if the request bears relevant
information to suggest infection with Burkholderia pseudomallei in association with:

e Foreign travel or military service.

e Laboratory, aid, or agricultural work overseas especially to QueenquT?‘
(Australia), or South or Southeast Asia. (19

The medical microbiologist should also be informed if the presumed onfirmed
glucose non-fermenting Gram negative rod is isolated from a sa en from a
normally sterile site, in accordance with local protocols.

The medical microbiologist should be informed of presume confirmed Burkholderia
cepacia complex isolates from cystic fibrosis patients. . X

Follow local protocols for reporting to clinician. Qq,

10.2 Routine identification V

Appropriate growth characteristics, colon%&earance, Gram stain and oxidase
results can give an early indication of thkis lation of Pseudomonas or other non-
fermenting gram-negative isolates ho%ver, full identification by MALDI-TOF MS
should be achieved. If MALDI-TO, is not available confirmation of the
identification is required. %)

10.3 ConfirmatiQ identification

For confirmation and i ification please see Specialist and reference microbiology:
laboratory tests arq’%@rvices page on GOV.UK for reference laboratory user manuals

and request fo&@'
10.4 H&éﬁh Protection Team (HPT)

Refer@@cal agreements in devolved administrations.

10.5 UK Health Security Agency

Refer to current guidelines on Second Generation Surveillance System (SGSS)
reporting (52).

10.6 Infection prevention and control team

Inform the local infection prevention and control team of presumed or confirmed
isolates of B. mallei and B. pseudomallei.
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11 Referral to reference or specialist
laboratories

For information on the tests offered, turnaround times, transport procedure and the
other requirements of the reference or specialist laboratory see user manuals and
request forms

Contact appropriate reference or specialist laboratory for information on the tests
available, turnaround times, transport procedure and any other requirements for
sample submission:

England Qq/b‘

Wales

Scotland (bﬂ
Northern Ireland @
N

Note: In case of sending away to laboratories for proc;gﬁ%, ensure that specimen is

placed in appropriate package and transported accfqingly.
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Algorithm A: Identification of non-glucose
fermenters

This flowchart is for guidance only.

( Clinical Specimen >

|
v v

Standard culture media for Selective agar for upto 5 (Lb‘

48-72 hours days

| . | Qﬁ‘l/

See Table 2 for colonial morphology @

of non-glucose fermenters

o
If MALDI-TOF MS
unavailable

MALDI-TOF MS |«

6
v Y v i* A
<Other Species) <Non-glucose> <InconclusiveQ®—> Gram stain
fermenter
v

@ Negative
S

¥ : r
@ Convennongl methods Molecular methods ( Other species>
0 (see algorithm B)
OOQ A 4 A 4
( Non-glucose ) (  Otherspecies )
fermenter
\ 4

Perform confirmatory testing if required
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Algorithm B: Further identification of non-glucose fermenters

This flowchart provides a summary of biochemical tests to supplement algorithm A. This flowchart is B{ guidance only.

Specimen (1/5
Grown on blood/MacConkey agar

v v (I/b‘ Y
Oxidase Nitrate Reduction \9 diﬁ;%lrncl)gie

| | ™ |

P. stutzeri

P. luteola

P. aeruginosa

P. aeruginosa P.aeruginosa P. pudita

P. fluorescens P. oryzihabitans P.veronii P. fluorescens* P. pudita P. alcaligenes
P. pudita B. mallei P.stutzeri Q P. montelli P. fluorescens P. oryzihabitans
P. veronii S. maltophilia* P.mend%’ P. mosseilii P. montelii P. pseudoalcaligenes*
P. montelii P. pseudo fenes P. alcaligenes* P. veronii S. maltophilia
P.mosseilii ei P. luteola* P. mosseilii
P. stutzeri B. domallei P. oryzihabitans P. mendocina

P. mendocina @maltophilia P. luteola

P. pseudoalcaligenes B. mallei

P. alcaaligenes B. pseudomallei

B. pseudomallei

Identification | ID 17 | Issue number: dj+ | Issue date: dd.mm.yy | Page: 20 of 26
UK Standards for Microbiology Investigations | Issued by the Standards Unit, UK Health Security Agency



Type SMI Title here <tab+enter>

References

An explanation of the reference assessment used is available in the scientific
information section on the UK SMI website.

1. Parte AC and others. List of Prokaryotic names with Standing in Nomenclature
(LPSN) moves to the DSMZ. International Journal of Systematic and
Evolutionary Microbiology 2020: volume 70, issue 11, pages 5607-12.
https://doi.org/10.1099/ijsem.0.004332

2. Peix A and others. The current status on the taxonomy of Pseudo
revisited: An update. Infection, Genetics and Evolution 2018: vol 57, pages

106-16. https://doi.org/10.1016/[.meeqid.2017.10.026

3. Palleroni NJ. Pseudomonas. Bergey's Manual of Syste aﬁof Archaea and
Bacteria; 2015. pages. 1-. (l/

4. Line L and others. Physiological levels of nitrate sh@ort anoxic growth by
denitrification of Pseudomonas aeruginosa aﬁv%&vth rates reported in cystic
fibrosis lungs and sputum. Frontiers in Micr% gy 2014: volume 5.
10.3389/fmicb.2014.00554 ),

5. Manual of Clinical Microbiology Pit@@éseudomonas Washington, DC.: ASM
Press; 2023. doi:10.1128/9781¢§8 70438.MCM.ch44

6. Kang D and others. Pyoverd@&ependent Virulence of Pseudomonas
aeruginosa Isolates From @yStic Fibrosis Patients. Frontiers in Microbiology
2019: volume 10. 1(@@9/fmicb.2019.02048

7. Abdelaziz AA andg@brs. Pseudomonas aeruginosa’s greenish-blue pigment
pyocyanin: its ction and biological activities. Microbial Cell Factories 2023:
volume 22,{%@ 1, pages 110. 10.1186/s12934-023-02122-1

8. Noél S others. Synthesis and biological properties of thiazole-analogues of
pyocka¥), a siderophore of Pseudomonas aeruginosa. Bioorganic & Medicinal
Claa@ﬂ stry Letters 2014: volume 24, issue 1, pages 132-5.

@' s://doi.org/10.1016/.bmcl.2013.11.054

9. Sathe N and others. Pseudomonas aeruginosa: Infections and novel
approaches to treatment “Knowing the enemy” the threat of Pseudomonas
aeruginosa and exploring novel approaches to treatment. Infectious Medicine
2023: volume 2, issue 3, pages 178-94.
https://doi.org/10.1016/}.im}.2023.05.003

10. Chan BK and others. Phage selection restores antibiotic sensitivity in MDR
Pseudomonas aeruginosa. Scientific Reports 2016: volume 6, issue 1, pages
26717. 10.1038/srep26717
Identification | ID 17 | Issue number: dj+ | Issue date: dd.mm.yy | Page: 21 of 26
UK Standards for Microbiology Investigations | Issued by the Standards Unit, UK Health Security Agency


https://www.rcpath.org/profession/publications/standards-for-microbiology-investigations/supporting-scientific-information-for-uk-smis.html
https://www.rcpath.org/profession/publications/standards-for-microbiology-investigations/supporting-scientific-information-for-uk-smis.html
https://doi.org/10.1099/ijsem.0.004332
https://doi.org/10.1016/j.meegid.2017.10.026
https://doi.org/10.1016/j.bmcl.2013.11.054
https://doi.org/10.1016/j.imj.2023.05.003

Type SMI Title here <tab+enter>

11.

12.

13.

14.

15.

16.

17.

18.

19.

Depoorter E and others. Burkholderia cepacia Complex Taxon K: Where to
Split? Frontiers in Microbiology 2020: volume 11. 10.3389/fmicb.2020.01594

Depoorter E and others. Burkholderia: an update on taxonomy and
biotechnological potential as antibiotic producers. Applied Microbiology and
Biotechnology 2016: volume 100, issue 12, pages 5215-29. 10.1007/s00253-
016-7520-x

Peeters C and others. Burkholderia pseudomultivorans sp. nov., a novel
Burkholderia cepacia complex species from human respiratory samples and the
rhizosphere. SystApplMicrobiol 2013: volume 36, issue 7, pages 483
S0723-2020(13)00095-7 [pii];10.1016/j.syapm.2013.06.003 [doi] Q

Manual of Clinical Microbiology Carroll KC PM Burkholderla

Stenotrophomonas, Ralstonia, Cupriavidus, Pandoraea, B imonas,
Comamonas, Delftia, and Acidovorax Washington, DC ican Society for
Microbiology; 2023. doi:10.1128/9781683670438. h45

Vandamme P, Eberl L. Burkholderia. Bergey's V\g}@l of Systematics of
Archaea and Bacteria; 2018. pages. 1-45.

Brooke Joanna S. Stenotrophomonas ma@;%ha. an Emerging Global
Opportunistic Pathogen. Clinical Microjglogy Reviews 2012: volume 25, issue
1, pages 2-41. 10.1128/cmr.000

Castanheira M and others. Gl /\Epidemiology and Mechanisms of
Resistance of Acinetobacter, mannii-calcoaceticus Complex. Clinical
Infectious Diseases 2023; @ me 76, issue Supplement_2, pages S166-S78.
10.1093/cid/ciad109 $

Nemec A. Acinet er Bergey's Manual of Systematics of Archaea and
Bacteria; 2022,@@ es. 1-78.

others. Structured surveillance of Achromobacter, Pandoraea
ia species from patients in England with cystic fibrosis. Journal of
rosis 2020: volume 19, issue 3, pages 388-93.
Y/doi.org/10.1016/].jcf.2019.11.005

o
20. gegand N and others. Epidemic spread of Pandoraea pulmonicola in a cystic

21.

22.

fibrosis center. BMC Infect Dis 2015: volume 15, pages 583. 10.1186/s12879-
015-1327-8

Willems A, Gillis M. Acidovorax. Bergey's Manual of Systematics of Archaea
and Bacteria; 2015. pages. 1-16.

Ardley JK, Green PN. Methylobacterium. Bergey's Manual of Systematics of
Archaea and Bacteria; 2023. pages. 1-23.

Identification | ID 17 | Issue number: dj+ | Issue date: dd.mm.yy | Page: 22 of 26
UK Standards for Microbiology Investigations | Issued by the Standards Unit, UK Health Security Agency


https://doi.org/10.1016/j.jcf.2019.11.005

Type SMI Title here <tab+enter>

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36

37.

38.

Nicholson A and others. Elizabethkingia. Bergey's Manual of Systematics of
Archaea and Bacteria; 2021. pages. 1-26.

Kampfer P and others. Ochrobactrum. Bergey's Manual of Systematics of
Archaea and Bacteria; 2018. pages. 1-25.

Busse H-J, Auling G. Achromobacter. Bergey's Manual of Systematics of
Archaea and Bacteria; 2015. pages. 1-14.

Busse H-J, Auling G. Alcaligenes. Bergey's Manual of Systematics of Archaea
and Bacteria; 2015. pages. 1-14.

Vancanneyt M and others. Brevundimonas. Bergey's Manual of Syeg atics of
Archaea and Bacteria; 2015. pages. 1-14.

Sly LI and others. Delftia. Bergey's Manual of Systematic@aea and
Bacteria; 2015. pages. 1-7.

Willems A, Gillis M. Comamonas. Bergey's Manualggystematics of Archaea

and Bacteria; 2015. pages. 1-17. b:\,
The Editorial B. Pandoraea. Bergey's Manu Systematics of Archaea and

Bacteria; 2015. pages. 1-3.

Yabuuchi E and others. Ralstonia. @&y‘s Manual of Systematics of Archaea
and Bacteria; 2015. pages. 1-2

Weyant RS, Whitney AM. R Smonas. Bergey's Manual of Systematics of
Archaea and Bacteria; 2%@ ages. 1-9.

Bowman JP. Shew . Bergey's Manual of Systematics of Archaea and
Bacteria; 2015. .1-22.

The Editoria@z)%phingobacterium. Bergey's Manual of Systematics of Archaea
and Bactegg'y 015. pages. 1-13.

NN
Trus@ Laboratory Standards for Processing Microbiological Samples from
P@&e with Cystic Fibrosis 2022.

. deisory Committee on Dangerous Pathogens. The Approved List of Biological

Agents. Health and Safety Executive 2021. pages 1-39. ++

British Standards Institution (BSI). BS EN12469 - Biotechnology - performance
criteria for microbiological safety cabinets 2000. A, V

British Standards Institution (BSI). BS 5726:2005 - Microbiological safety
cabinets. Information to be supplied by the purchaser and to the vendor and to
the installer, and siting and use of cabinets. Recommendations and guidance.
2005. pages 1-14. A,V

Identification | ID 17 | Issue number: dj+ | Issue date: dd.mm.yy | Page: 23 of 26
UK Standards for Microbiology Investigations | Issued by the Standards Unit, UK Health Security Agency



Type SMI Title here <tab+enter>

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

Centers for Disease Control and Prevention. Guidelines for Safe Work
Practices in Human and Animal Medical Diagnostic Laboratories. MMWR
Surveill Summ 2012: volume 61, pages 1-102.B, IV

Department for Transport and others. Transport of infectious substances
UN2814, UN2900 and UN3373 Guidance note number 17/2012 (revision 7).
2013. ++

Department of Health. Health Protection Legislation (England) Guidance. pages
1-112. 2010. A, VI

Gizzie N, Adukwu E. Evaluation of Liquid-Based Swab Transport Sﬁébms
against the New Approved CLSI M40-A2 Standard. J Clin Microtﬁq/ 016:
volume 54, issue 4, pages 1152-6.2+ 10.1128/JCM.03337-}055

Health and Safety Executive. Managing risks and risk agse§$ment at work
(accessed 28/07/2021). https://www.hse.gov.uk/simpeyMsalth-

safety/risk/index.htm. ++ v

xO
Health and Safety Executive. Safe use of pnep@stic air tube transport systems
for pathology specimens. 2009. A, V Q

Regulations. The Control of Substgn azardous to Health Regulations 2002
(as amended). Approved Code 9\ ctice and guidance L5 (sixth edition). HSE
Books. 2013. ++ Q

Health and Safety Executive. Con%ﬁubstances Hazardous to Health

Health and Safety Executi@QRisk assessment: A brief guide to controlling risks
in the workplace. HSE&'@M. ++

Health and Safet;&cutive, Advisory Committee on Dangerous Pathogens.
Management a(q peration of microbiological containment laboratories. HSE.
O

2019. ++
‘S

Health Ices Advisory Committee. Safe Working and the Prevention of
Infecgd¥ in Clinical Laboratories and Similar Facilities. HSE Books 2003. A, V

qpne Office. Public Health Act (Northern Ireland) 1967 Chapter 36. 1967. A, VI
Home Office. Anti-terrorism, Crime and Security Act. 2001. A, V
Official Journal of the European Communities. Directive 98/79/EC of the
European Parliament and of the Council of 27 October 1998 on in vitro

diagnostic medical devices 1998. pages 1-37. A, V

Public Health England. Laboratory reporting to Public Health England: a guide
for diagnostic laboratories. PHE. 2020. pages 1-31. ++

Identification | ID 17 | Issue number: dj+ | Issue date: dd.mm.yy | Page: 24 of 26
UK Standards for Microbiology Investigations | Issued by the Standards Unit, UK Health Security Agency


https://www.hse.gov.uk/simple-health-safety/risk/index.htm
https://www.hse.gov.uk/simple-health-safety/risk/index.htm

Type SMI Title here <tab+enter>

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Scottish Government. Public Health (Scotland) Act. 2008. A, VI

The Royal College of Pathologists. The retention and storage of pathological
records and specimens (5th edition). pages 1-59. 2015. ++

The Welsh Assembly Government. Health Protection Legislation (Wales)
Guidance. 2010. A, V

Tyrrell KL and others. Comparison of the Copan eSwab System with an Agar
Swab Transport System for Maintenance of Fastidious Anaerobic Bacterium
Viability. J Clin Microbiol 2016: volume 54, issue 5, pages 1364-7.2+
10.1128/JCM.03246-15

World Health Organization. Guidance on regulations for the transf@of
infectious substances 2019-2020. WHO. 2019. ++ *
>

BJ Currie. Laboratory exposure to Burkholderia pseudo i--Los Angeles,
California, 2003. MMWR MorbMortalWklyRep 2004: \(tll/ e 53, issue 42,
pages 988-90. mm5342a3 [pii]

xO

Speiser LJ and others. Burkholderia pseudorqeg%@ Laboratory Exposure,
Arizona, USA. Emerging Infectious Disease@ 3: volume 29, issue 5, pages
1061.

Mahdi O and others. Laboratory cu%@and maintenance of Stenotrophomonas
maltophilia. Curr Protoc Microbigh 28l@4: volume 32, pages Unit 6F.1.
10.1002/9780471729259.mc0 s32

Henry D and others. Com %on of isolation media for recovery of Burkholderia

cepacia complex from iratory secretions of patients with cystic fibrosis.
JClinMicrobiol 1999'® me 37, issue 4, pages 1004-7.

Manual of Cliniﬁmicrobiology Pitout J Acinetobacter, Chryseobacterium,
Moraxella, B@ amella and Other Nonfermentative Gram-Negative Rods: ASM
Press; 2@ doi:10.1128/9781683670438.MCM.ch46

\others. Specimen Collection, Processing, Culture, and Biochemical
ication of Acinetobacter spp. In: Biswas |, Rather PN, editors.

etobacter baumannii: Methods and Protocols. New York, NY: Springer New
ork; 2019. pages. 1-15.

Fernandez-Olmos A and others. MALDI-TOF MS improves routine identification
of non-fermenting Gram negative isolates from cystic fibrosis patients.
JCystFibros 2012: volume 11, issue 1, pages 59-62. S1569-1993(11)00163-9
[pii];10.1016/j.jcf.2011.09.001 [doi]

Watthanaworawit W and others. A multi-country study using MALDI-TOF mass
spectrometry for rapid identification of Burkholderia pseudomallei. BMC

Identification | ID 17 | Issue number: dj+ | Issue date: dd.mm.yy | Page: 25 of 26
UK Standards for Microbiology Investigations | Issued by the Standards Unit, UK Health Security Agency



Type SMI Title here <tab+enter>

66.

67.

68.

69.

70.

71.

72.

Microbiology 2021: volume 21, issue 1, pages 213. 10.1186/s12866-021-
02276-1

Li X and others. Insight into Identification of Acinetobacter Species by Matrix-
Assisted Laser Desorption/lonization Time of Flight Mass Spectrometry
(MALDI-TOF MS) in the Clinical Laboratory. Journal of the American Society for
Mass Spectrometry 2018: volume 29, issue 7, pages 1546-53-53.
10.1007/s13361-018-1911-4

Bagudo Al and others. Advances in automated techniques to identify complex.
Asian Biomedicine 2020: volume 14, issue 5, pages 177-86. b‘

doi:10.1515/abm-2020-0026
Wong KSK and others. Matrix-assisted laser desorption/ionizatio e-of-flight
MS for the accurate identification of Burkholderia cepacia comglex and

Burkholderia gladioli in the clinical microbiology laboratory. Microbiol
2020: volume 69, issue 8, pages 1105-13. 10.1099/jmm¥N¥01223
Brisse S and others. Comparative evaluation of the hoenix and VITEK 2

automated instruments for identification of isola& the Burkholderia cepacia
complex. JClinMicrobiol 2002: volume 40, iss pages 1743-8.

Boutin S and others. One time quantitativ R detection of Pseudomonas
aeruginosa to discriminate intermittent chronic infection in cystic fibrosis.
Journal of Cystic Fibrosis 2018: vo@\ , Issue 3, pages 348-55.
10.1016/}.jcf.2017.12.007 ,\

Janse | and others. Multiple@ R for reliable detection and differentiation of
Burkholderia mallei and Bu@holderia pseudomallei. BMClnfectDis 2013:
volume 13, pages 86.&71-2334-13-86 [pii];10.1186/1471-2334-13-86 [doi]

LaBauve AE, W J. Growth and laboratory maintenance of Pseudomonas
aeruginosa. C;g otoc Microbiol 2012: volume Chapter 6, pages Unit 6E.1.

10.1002/9780@YM.729259.mc06e01s25
N
X0

N\
&
C)O

Identification | ID 17 | Issue number: dj+ | Issue date: dd.mm.yy | Page: 26 of 26

UK Standards for Microbiology Investigations | Issued by the Standards Unit, UK Health Security Agency



	Acknowledgments
	Contents
	Amendment table
	1 General information
	2 Scientific information
	3 Scope of document
	4 Introduction
	4.1 Taxonomy and characteristics
	Pseudomonas species
	Other non-glucose fermenters
	Burkholderia species
	Stenotrophomonas maltophilia
	Acinetobacter species
	Less common non-glucose fermenters


	5 Technical information and limitations
	6 Safety considerations
	7 Target organisms
	8 Identification
	8.1 Culture methods
	8.1.1 Bacterial growth medium
	Primary isolation media
	Selective media
	8.1.2 Colonial appearance

	8.2 Microscopic appearance
	8.2.1 Gram stain

	8.3 Matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS)
	8.4 Further Identification
	8.4.1 Biochemical tests and commercial identification systems

	8.4.1.1 Oxidase test
	8.4.1.2 Commercial identification systems
	8.4.2 Molecular Methods


	9 Storage and Transport
	10 Reporting
	10.1 Infection Specialist
	10.2 Routine identification
	10.3 Confirmation of identification
	10.4 Health Protection Team (HPT)
	10.5 UK Health Security Agency
	10.6 Infection prevention and control team

	11 Referral to reference or specialist laboratories
	Algorithm A: Identification of non-glucose fermenters
	Algorithm B: Further identification of non-glucose fermenters
	References



