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information on accreditation can be viewed at www.nice.org.uk/accreditation.

www.nice.org.uk/accreditation

NICE has accredited the process used by Public Health England to produce Standards
@ NICE occredited for Microbiology Investigations. Accreditation is valid for 5 years from July 2011. More

For full details on our accreditation visit: www.nice.org.uk/accreditation.
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UK Standards for Microbiology Investigations™:
Scope and Purpose

Users of SMIs

e SMils are primarily intended as a general resource for practising professionals
operating in the field of laboratory medicine and infection specialties in the UK

e SMils provide clinicians with information about the available test repertoire and
the standard of laboratory services they should expect for the investigation o '3’
infection in their patients, as well as providing information that aids the Vv
electronic ordering of appropriate tests 0@

e SMis provide commissioners of healthcare services with the approp@eness
and standard of microbiology investigations they should be seekilé%ls part of
the clinical and public health care package for their population,bo

LN

Background to SMis @Qf

SMis comprise a collection of recommended algorithms and @cedures covering all
stages of the investigative process in microbiology from thaﬁ?e-analytical (clinical
syndrome) stage to the analytical (laboratory testing) ar@ost analytical (result
interpretation and reporting) stages. ,f:

Syndromic algorithms are supported by more detg®d documents containing advice
on the investigation of specific diseases and i lons. Guidance notes cover the
clinical background, differential diagnosis, a r@approprlate investigation of particular
clinical conditions. Quality guidance note &&scribe laboratory processes which
underpin quality, for example assay vah&on

Standardisation of the diagnostic pnq%ESS through the application of SMIs helps to
assure the equivalence of mvest@ﬂon strategies in different laboratories across the
UK and is essential for public @Ith surveillance, research and development activities.

Equal Partnership V&ocklng

SMis are developed i ual partnership with PHE, NHS, Royal College of
Pathologists and % ssional societies.

The list of parti@ting societies may be found at
http://www.hgsorg.uk/SMI/Partnerships. Inclusion of a logo in an SMI indicates
participati f the society in equal partnership and support for the objectives and
proces preparing SMIs. Nominees of professional societies are members of the
Steerj™y Committee and Working Groups which develop SMIs. The views of nominees
ca@ot be rigorously representative of the members of their nominating organisations
the corporate views of their organisations. Nominees act as a conduit for two way

oreportlng and dialogue. Representative views are sought through the consultation

process.

SMis are developed, reviewed and updated through a wide consultation process.

#Microbiology is used as a generic term to include the two GMC-recognised specialties of Medical Microbiology (which includes
Bacteriology, Mycology and Parasitology) and Medical Virology.
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Quality Assurance

NICE has accredited the process used by the SMI Working Groups to produce SMis.
The accreditation is applicable to all guidance produced since October 2009. The
process for the development of SMIs is certified to ISO 9001:2008.

SMis represent a good standard of practice to which all clinical and public health
microbiology laboratories in the UK are expected to work. SMIs are NICE accredited
and represent neither minimum standards of practice nor the highest level of complex
laboratory investigation possible. In using SMIs, laboratories should take account of
local requirements and undertake additional investigations where appropriate. SMIs ,“b
help laboratories to meet accreditation requirements by promoting high quality q?
practices which are auditable. SMIs also provide a reference point for method @Q'
development. ®0
y
a

The performance of SMIs depends on competent staff and appropriate
reagents and equipment. Laboratories should ensure that all commerci%]d in-house
tests have been validated and shown to be fit for purpose. Laboratomes should
participate in external quality assessment schemes and undertazgfelevant internal

guality control procedures. &0
R\

Patient and Public Involvement o

The SMI Working Groups are committed to patient and,ﬁjblic involvement in the
development of SMis. By involving the public, heal ﬁrofessionals, scientists and

voluntary organisations the resulting SMI will be st and meet the needs of the
user. An opportunity is given to members of t@ublic to contribute to consultations
through our open access website. 0@

Information Governance and ality

PHE is a Caldicott compliant organ'&gtion. It seeks to take every possible precaution
to prevent unauthorised disclos é\bf patient details and to ensure that patient-related
records are kept under secur&nditions.

The development of SMIsg?ﬁé subject to PHE Equality objectives
http://www.hpa.org.uk/ c/HPAwebFile/HPAweb C/1317133470313. The SMI
Working Groups are gommitted to achieving the equality objectives by effective

consultation with bers of the public, partners, stakeholders and specialist interest
groups.
o\)

Legal Sgogment

WhiIst@%ry care has been taken in the preparation of SMIs, PHE and any supporting
orgarysation, shall, to the greatest extent possible under any applicable law, exclude
IiaQﬁty for all losses, costs, claims, damages or expenses arising out of or connected
the use of an SMI or any information contained therein. If alterations are made to
an SMI, it must be made clear where and by whom such changes have been made.

The evidence base and microbial taxonomy for the SMI is as complete as possible at
the time of issue. Any omissions and new material will be considered at the next
review. These standards can only be superseded by revisions of the standard,
legislative action, or by NICE accredited guidance.

SMis are Crown copyright which should be acknowledged where appropriate.
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Suggested Citation for this Document

Public Health England. (YYYY <tab+enter>). Identification of Enterobacteriaceae. UK
Standards for Microbiology Investigations. ID 16 Issue dp+.
http://www.hpa.org.uk/SMI/pdf.
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Scope of Document

This SMI describes the identification of members of the family Enterobacteriaceae.
There are a large number of species included in the family. In diagnostic clinical
microbiology laboratories, it is usual to attempt identification by use of biochemical
tests. The level of identification depends on the site of infection, the immune status of
the host and the need for epidemiological surveillance.

Because of the large number of species involved, this SMI will concentrate on the
most common genera and species isolated from clinical specimens. The identificatio;(b
of Enterobacteriaceae can be simplified by taking advantage of the fact that three q,°
species comprise 80-95% of all isolates in the clinical setting. These are Esher@"fa
coli, Klebsiella pneumoniae and Proteus mirabilis'. The other species can b@@hsily
identified using biochemical tests. O
&
D

LS
Introduction &

g
Taxonomy 406‘

Taxonomically, the bacterial family Enterobacteriaceae é%ently has 53 genera (and
over 170 named species) and they include Arsenopho?us, Biostraticola, Brenneria,
Buchnera, Budvicia, Buttiauxella, Calymmatobac m, Cedecea, Citrobacter,
Cosenzaea, Cronobacter, Dickeya, Edwardsiel nterobacter, Erwinia, Escherichia,
Ewingella, Gibbsiella, Hafnia, Klebsiella, Klugfera, Leclercia, Leminorella, Levinea,
Lonsdalea, Mangrovibacter, Moellerella, Nj®Qanella, Obesumbacterium, Pantoea,
Pectobacterium, Phaseolibacter, Photor®abdus, Plesiomonas, Pragia, Proteus,
Providencia, Rahnella, Raoultella, Sg&harobacter, Salmonella, Samsonia, Serratia,
Shigella, Shimwellia, Sodalis, Tatl@ella, Thorsellia, Trabulsiella, Wigglesworthia,
Xenorhabdus, Yersinia and Yol@)ella. Of these, 26 genera are known to be
associated with infections in @nans.

This SMI should be used in conjunction with other SMis.

The nomenclature of the m%robacteriaceae is complicated and has been based on
biochemical and antigeﬁ?characteristics. Recently, the application of new
technologies such NA hybridisation has resulted in numerous changes in
classification of t nterobacteriaceae’. Many new genera and species have been
discovered, sgid? unusual and rare, and many species have also been reclassified to
other generéo the transfer of Enterobacter sakazakii to the Cronobacter sakazakii.

Char@%ristics
Members of the Enterobacteriaceae are small Gram negative, non-sporing straight
ref$s. Some genera are motile by means of peritrichous flagella except Tatumella,
igella and Klebsiella species which are non-motile. They are facultatively anaerobic
and most species grow well at 37°C, although some species grow better at 25-30°C.
They grow well on peptone and meat extract media. Some strains grow on D- glucose
as the sole source of carbon and energy, but other strains require vitamins and or
amino acids. Acid is produced during the fermentation of D- glucose and other
carbohydrates*.
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They are oxidase negative and catalase reactions vary among Enterobacteriaceae.
Nitrates are reduced to nitrites except by some strains of Erwinia. They are distributed
worldwide and may be found in soil, water, plants, humans and animals.

Medically important genera of the family Enterobacteriaceae are;
Citrobacter species

There are 11 species of which 10 have been recovered from clinical material®. They
may be found in the faeces of humans and animals as part of the normal flora and
grow readily on ordinary media. (“’

N
Cells are short rods arranged singly, in pairs, or in short chains with rounded en 12
They are motile with pertrichous flagella. Colonies are generally grey, smooth

moist although mucoid or rough strains occur. Some strains of Citrobacter mble
Salmonella species biochemically and agglutinate with Salmonella ponvéa t antisera,
which may lead to misidentification®. 60

They are positive for indole, catalase and nitrate reduction tests. Adaand gas is
produced from aesculin, arabinose, glucose, galactose, glycerol&ositol, lactose,

levulose, maltose, mannitol, mannose, raffinose, rhamnose, in, sorbitol, starch,
sucrose, trehalose, and xylose. 04
Enterobacter species A

)
There are 26 species and 2 subspecies, of which r gntly, 6 has been reclassified to

other genera. Only 10 have been isolated from cgféfcal material’. They grow readily on
ordinary media, ferment glucose with the pro lon of acid and gas, and are motile by
peritrichous flagella. Some strains with a K g#tigen possess a capsule. Colonies of
Enterobacter strains may be slightly mu . They are catalase positive and oxidase
negative. Nitrates are also reduced. T@ also ferment glucose and lactose with the
production of acid and gas. K

N\ . .
Enterobacter has the general ci@)acterlstlcs of Klebsiella species but can be
differentiated because they a@notile and ornithine positive.

Enterobacter species ar ggely distributed in nature. They are found in the soil,

water, dairy products, in the intestines of animals as well as humans.

I . &
Escherichia spec
There are 5 spgg%s and all are known to cause human disease®. Cells are typically
rod-shaped, -spore forming, motile with peritrichous flagella or non-motile, and are
about 2.0y¥long and 0.25 - 1.0um in diameter. They are able to grow under aerobic
and ang&Y¥obic conditions. Optimal growth occurs at 37°C. On MacConkey agar,
colonjes are either red or colourless and about 2 - 3mm in diameter. They are catalase
poghive and oxidase negative. Nitrates are also reduced.

e most commonly isolated is Escherichia coli, which contains numerous serotypes,
some of which are associated with specific diseases. A number of strains of E. coli
may produce enterotoxins or other virulence factors, including those associated with
invasiveness. Some strains are capsulated with a K antigen.

For more information on the identification of E. coli O157, refer to ID 22 - Identification
of Escherichia coli O157.
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Hafnia species

The genus Hafnia currently has 2 species®. The optimum temperature for growth is
35°C. It grows readily on ordinarg/ media and is generally motile. Motility is more
pronounced at 30°C than 37°C *°. H. alvei can resemble non-motile Salmonella
biochemically, and can agglutinate in polyvalent salmonella antisera.

On moderately selective agars, they typically appear as large, smooth, convex,
translucent colonies of 2 to 3 mm in diameter with an entire edge; some may exhibit
an irregular border. Some strains of Hafnia also produce red or pink colonies on

xylose-lysine-desoxycholate agar. o,:b
They are oxidase and indole negative and are positive for nitrate reduction and f v
enterobacterial common antigen. They also produce acid with or without gas %ﬁa\'the
metabolism of D-glucose and other carbohydrate or carbohydrate-like com ds .

Klebsiella species 0@0

The genus Klebsiella contains 6 species and 3 subspecies. There an species
related to humans and they include K. pneumoniae subspecies pggumoniae,
ozaenae, and rhinoscleromatis; K. oxytoca; K. granulomatis a . variicola. The
other two species, K. singaporensis and K. michiganensis been isolated from the
soil and from a tooth brush holder respectively. The gen@onsists of over 77
capsular antigens (K antigens), leading to different S%Qoupslz. These well-
developed polysaccharide capsules give the colonieNheir characteristic mucoid
appearance. &

Klebsiella species are non-motile, usually enqqﬁgjlated rod-shaped bacteria,
belonging to the family Enterobacteriaceaegg®hese bacteria produce lysine
decarboxylase but not ornithine decarbgydase and are generally positive in the
Voges-Proskauer test as well as indo@ d urease tests. They are generally
facultatively anaerobic, and range frd‘n 0.3 to 1.0mm in width and 0.6 to 6.0mm in
length®®. QY

9
All strains grow readily on or@%ry media. On MacConkey agar, the colonies typically
appear large, mucoid, and®ed, with red pigment usually diffusing into the
surrounding agar, indic~§' fermentation of lactose and acid production.

They can cause ba
number of unusu

aemia and hepatic infections, and have been isolated from a
mfections, including endocarditis, primary gas-containing
mediastinal abad&ss, peritonitis, acute cholecystitis, crepitant myonecrosis,
pyomyositis, @€crotizing fasciitis, psoas muscle abscess, fascial space infections of
the head neck, and septic arthritis™.

N\
Morgadella species

TI@genus Morganella contains 2 species, and only one is known to cause infections
a¥humans, Morganella morganii*>. M. morganii is divided into 2 sub species on the
Obasis of their abilities to ferment trehalose. On nutrient agar, colonies are 1 to 2mm in
diameter, greyish, and opaque, circular, convex, and smooth with entire edges after

24 h at 35°C. Good growth also occurs at 22°C.

They are motile with peritrichous flagella, but some strains do not form flagella above
30°C. M. morganii can resemble non-motile Salmonella biochemically, and can
agglutinate in polyvalent salmonella antisera. They are urease and indole positive as
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well as oxidase negative. Acid and gas are produced from utilizing glucose. Acid is
also produced from mannose, galactose and trehalose™.

They have been isolated from human clinical specimens (stool, wound, sputum, eye,
bile, gastric ulcer, urine)™®.

Plesiomonas shigelloides

The genus Plesiomonas contains one specie, Plesiomonas shigelloides’. Cells are
short gram-negative rods. They are generally 0.3-1.0 um in width, 0.6-6.0um in length,
motile with lophotrichous polar flagella, non-spore-producing, and facultatively s
anaerobic. They are able to grow at salt concentrations of 0-5%, at a pH of 4.0-8.0,°'~
and at temperatures of 8 - 44°C.

Plesiomonas shigelloides will grow on most enteric media where they produ
lactose, non-sucrose fermenting colonies. On Inositol Brilliant Green Bile
have pink colonies and on blood agar, colonies are 2-3 mm in diameter,
opaque, and convex, 3-haemolytic colonies after incubation at 35-37'29 or 16-24
hours. .

They are also oxidase-positive and catalase-positive and can légi'stinguished from
other Enterobacteriaceae as it is the only oxidase positive S in this family.

Plesiomonas is negative for DNAse; this and other bioc Ical tests (Moeller’s lysine,
ornithine, and arginine tests and fermentation of mesggytositol) distinguish it from
Aeromonas species. KN

Some Plesiomonas strains share antigens with g#igella sonnei, and cross-reactions
with Shigella antisera occur *8. é

The have been isolated from human cIini@?specimens - faeces, blood, CSF, wounds,
respiratory tract and urine. It has also & isolated from fresh water, freshwater fish,
and shellfish and from many types g imals™®.

Proteus species 90\'
There are 4 species of Prot oé,of which 3 cause disease (see section 2)%. Since it
belongs to the family of Eq;g‘Fobacteriaceae, general characteristics are applied on this
genus. All strains are r@ﬁe. They may swarm on blood agar, producing concentric
zones or an even fil n MacConkey agar, colonies are colourless, flat, often swarm
slightly and are 2 &Mm in diameter (this is specific to Proteus vulgaris and Proteus
mirabilis). Oth ecies do not swarm. They are resistant to polymyxin B and colistin.
Proteus spet&é can resemble non- motile Salmonella biochemically, and can

agglutinatg?l polyvalent salmonella antisera.

Proteu&pecies do not ferment lactose, but have shown to be capable lactose
ferrjlenters depending on the species in a triple sugar iron (TSI) test. They are also
ase negative but catalase and nitrate positive. Other specific tests are the urease
hich is an essential test to differentiate Proteus from Salmonella) and phenylalanine
deaminase tests. All strains are urease positive.

They have been isolated from human faeces, urine, abdominal, neck, groin, and hip
wounds, infected conjunctiva, sacral decubitus, and sputum?*.

Providencia species

The genus Providencia was originally established for organisms similar to Proteus
species that were urease negative. There are 8 species within the genus, of which 3
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cause disease (see section 2)*. All species are motile. On blood agar and
MacConkey agar, colonies are colourless, flat, 2-3mm in diameter and do not swarm.

They do not ferment lactose and little gas is produced from fermentable
carbohydrates. They do not produce hydrogen sulphide and urea is not hydrolysed.
They are resistant to polymyxin B and colistin.

Human isolates of Providencia species have been recovered from urine, throat,
perineum, axilla, stool, blood, and wound specimens®..

Salmonella species o
. . . e N

For more information on Salmonella species, refer to_ID 24 - Identification of ,‘9

Salmonella species. @Q

Serratia species @0

The genus Serratia contains 15 species and 3 subspecies (but only 2 arQ?ommonly

isolated from clinical material)®>. They are Serratia liquefaciens and tia

marcescens, the latter often producing a pigment called prodigiosin,% ich ranges in
colour from dark red to pale pink, depending on the age of the c, ies when grown at
20°C. Pigment production is highly variable among species ag#s dependent on many
factors such as species type and incubation time. Non-pig ted colonies resemble
other members of Enterobacteriaceae. The optimal gro emperature is 37°C but
they can also grow in temperatures that range from 54%0 They are facultative
anaerobes. Most of the species are motile and hanp"eritrichous flagella. Cells are rod
shaped and 0.5-0.8 um x 1.0-5.0 um in diametegg¥embers of the genus
characteristically produce three enzymes Iipa:@L Nase and gelatinase. They are also
resistant to polymyxin B and colistin and th@tesistance may be heterogeneous,
leading to a target-zone appearance. Oé

They are positive for glucose and sugMse (with gas production) fermentation and
nitrate test; and negative for indol%ﬁrease and oxidase.

Rare reports have described djg@ase resulting from infection with Serratia plymuthica,
Serratia liquefaciens, Serra@rubidaea, Serratia odorifera, and Serratia fonticola.

Serratia species are f?&{&n faeces, wound exudates, respiratory specimen, blood,
eye culture, and uring

Serratia marcesc Is the type species.
Shigella sp%@

For more jMWrmation on the identification of Shigella species, refer to ID 20 -
Identifi n of Shigella species.

Yer&inia species

5 more information on the identification of Yersinia species, refer to ID 21 -
Qldentification of Yersinia Species from Faeces.

Other genera of the family Enterobacteriaceae®?’.

Other genera of the family reported to have caused infection are listed in section 2.
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Principles of Identification

Colonial morphology, Gram'’s stain, oxidase and the use of several biochemical tests
identify isolates from clinical material. Enteric pathogens such as Salmonella species
should be identified biochemically and typed serologically. Hafnia, Morganella and
Proteus species can resemble non-motile Salmonella biochemically, and can
agglutinate in polyvalent Salmonella antisera. Because of the diversity of biochemical
activities, all the reactions of every species are not described in this SMI. Therefore
only a few screening tests are included together with results for the more common
genera and species. o

Careful consideration should be given to isolates that give an unusual identificatiop®
All evidence including growth characteristics, cultural morphology and serology&+ould
be considered before accepting commercial identification system results. ®0

If further identification or confirmation is required, isolates should be senj, @"the

Reference Laboratory ‘bo
N

L4

Technical Information/Limitations &
g@

Indole Test 4@

Organisms to be tested by the spot indole method mustég taken from a tryptophan -
containing medium (eg blood agar) and never on Maof?onkey agar as they have pH
indicators and pigmentation of lactose-positive co@es which will make interpretation
of colour reaction difficult®. 4\@

A

Commercial Identification System 0@

With new species being recently establia%d, no commercial system currently includes

all species in its database and so whgQ tested with these systems, the final

identification with an unacceptabl file or no identification at all is usually generated
iava|

eg Escherichia albertii and Haf veitt?,
Serotyping Ooé
Rough strains: v,"’

Rough isolates se revert to smooth forms. However, if autoagglutination in saline
is observed, a empt to recover smooth colonies may be made by performing 2- 4
serial sub-cu&ﬁfes on enriched media, such as blood agar®.

Serotyping should& e attempted on Shigella strains which autoagglutinate saline.

Capsular, g%gens:

\S
Occas‘h%ally, the presence of capsular antigens may prevent some isolates of

Shidella species from reacting with polyvalent antisera. The presence of capsular
gens should be considered when isolates which are biochemically typical of
Q3higella spp., fail to agglutinate (or agglutinate poorly) with Shigella polyvalent
antisera.

Shigella sonnei polyvalent antisera can produce cross-reactions with some cultures of
Shigella boydii type 6 due to the presence of conserved antigens. In these situations,
biochemical profile and the use of Shigella boydii type 6 monovalent antiserum will be
necessary to confirm the identification™.
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Some Plesiomonas shigelloides strains share antigens with Shigella sonnei, and
cross-reactions with Shigella antisera occur'®,

This also applies to Klebsiella species where cross-reactions occur among the 77
capsule types and then, individual sera have to be absorbed with the cross-reacting K-
antigens. The serotyping procedure for Klebsiella is cumbersome because of the time
needed to perform the test and is susceptible to subjective interpretations because of
weak reactions that are not always easy to interpret. Since the anti-capsule antisera
are not commercially available, this technique is practiced mostly in specialized

laboratories™. q,
Misinterpreted results q,°~
When conflicting results are observed, for example; biochemical profile disagr, with
serological profile, tests should be repeated from the original plate. 0&

Quality control 000

Each new lot or shipment of antisera/commercial identification syste& should be
tested and validated for positive and negative reactivity using kn control strains;
ensuring it is fit for purpose. Laboratories must follow manufacgi#er’s instructions
when using these products.

R\Z

. . - - O
1 Safety Considerations® "5, &

All Salmonella Typhi, Salmonella Paratyphi A, B@C, Shigella dysenteriae type 1, E.
coli O157 and Yersinia pestis are Hazard Gro organisms and suspected isolates
must be handled in a containment level 3 r@m.

Salmonella species Oé

Most Salmonella species are in ha group 2 with important exceptions including S.
Typhi and S. Paratyphi A, B and ork involving these organisms must be
performed under containmentgvel 3 conditions.

S. Typhi, S. Paratyphi A, B qu C cause severe and sometimes fatal disease. 258
cases and 20 deaths dug® laboratory acquired infections have been reported**. S.
Typhi vaccination is v&*lable and guidance is given in the Department of Health
immunisation policg

Shigella speci@

Shigella sp@s are highly infective, particularly S. dysenteriae®”*. As few as 10
viable orq@nlsms are required for an infective dose and cause infection®’.

Shigejﬁ%pecies have been recently identified to be the most frequently identified
ageNt of laboratory-acquired infections because of their high virulence and low
g¥ectious dose. A large number of laboratory acquired infections have been reported.
Q

fection may be acquired through ingestion or accidental parenteral inoculation*®°.

Escherichia species

Escherichia species are highly infective particularly E. coli 0157, and as few as 10
viable organisms are required for an infective dose.
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It has been identified as one of the enteric pathogens reported to cause laboratory
acquired infection, but they are as less common. There are 4 reported cases of
laboratory infections with E. coli since 19811,

Yersinia pestis

Yersinia pestis is highly infective and the infectious dose is of 10° bacteria or more
orally(Fleming D & Hunt D, 2006).

There have been 10 reported laboratory-acquired infections with 4 deaths®
Vaccination is recommended for laboratory personnel who are routinely exposed to s
live Y. pestis. N

Klebsiella species Qg'

Klebsiella species are Hazard group 2 organisms and have also been identj
important common pathogens for nosocomial pneumonia, septicaemia, ry tract
infection, Wound infections, intensive care unit (ICU) infections, and neq%étal
septicaemias™. K. pneumoniae is most pathogenic to humans amor‘é’hll Klebsiella
spp, followed by K. oxytoca K. ozaenae and K. rhlnoscleromatlsQamse specific
diseases in humans™®

According to Janda et al, 10° Klebsiella organisms per gra Qfaeces are required to
produce damage*. Only one case of Iaboratory acquwe Ohiection with K.
pneumoniae up to 1976 has been reported™.

Serratia species @é

Serratia species are Hazard Group 2 organis nd their infectious dose is unknown.
However, 5 laboratory acquired infection wij . marcescens have been reported®*.

Refer to current guidance on the safe h@ling of all organisms documented in this
SML. &

Appropriate personal protective e ﬂoment (PPE) and techniques designed to
minimise exposure of the Iabo@gr;uworkers should be worn and adhered to at all

times. o°

The most effective meth@fPfor preventing laboratory-acquired infections is the
adoption of safe Worg'{n@practices.

Laboratory proce s that give rise to infectious aerosols must be conducted in a
microbiological 8¥¥ety cabinet.

The above ance should be supplemented with local COSHH and risk
assessmes1s.
Comp{ﬁgce with postal and transport regulations is essential.
R
3

&
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2 Target Organisms

Enterobacteriaceae reported to have caused human infections
11,13,14,16,21,24-26,29,50,52,55-60

Genus

Species

Cedecea

ND

davisae, lapagei, neteri, species 3, species 5

Citrobacter

Vo

Yol
amalonaticus, braakii, farmeri, freundii, gillenii, koseri, murliniae, sedlakii, werkaé‘ﬂi,
youngae &

Cronobacter

O
\A

sakazakii (Enterobacter sakazakii) , malonaticus, turicensis, universalis iously

Edwardsiella

called Cronobacter genomospecies 1) €'(,

hoshinae, ictaluri, tarda a

Enterobacter

. . 4 .
aerogenes, amnigenus, asburiae, cancerogenus, cloacae, COW@M, gergoviae,

Escherichia

albertii, coli, fergusonii, hermanii, vulneris,

hormaechei, kobei, ludwigii, <
&

Ewingella Americana 4@

Hafnia alvei, paralvei (previously known as Hafnia a/ve/biog& 2)

Klebsiella granulomatis, oxytoca, pneumoniae subspecids%zaenae, pneumoniae, and
rhinoscleromatis, variicola &S

Kluyvera ascorbata, cryocrescens, georgiana z“ "

Leclercia adecarboxylata @0

Morganella morganii subspecies morganii@ﬁ sibonii

Pantoea agglomerans, dispersa, sgpav,

Photorhabdus luminescens, asymbioti§g Subspecies australis, asymbiotica

Plesiomonas

Shigelloides

&

Proteus mirabilis, penne(l,Qngaris
Providencia alcalifacien ttgeri, stuartii
Rahnella Aquatiligg
Salmonella bo , enterica (>2500 serotypes) - subspecies arizonae, diarizonae, enterica,
nae, indica and salamae, main serotypes (serovars) - Enteritidis, Paratyphi,
cﬂ)q})/phi, Typhimurium.
Serratia & | fonticola, grimesii, liquefaciens, marcescens, odorifera, plymuthica, proteamaculans,
& | quinovorans, rubidaea
A . . ——
Shigggld boydii, dysenteriae, flexneri, sonnei
'I;gﬁlella Ptyseos
Qersinia aldovae, bercovieri, enterocolitica, intermedia, frederiksenii, kristensenii, mollaretti,
pestis, pseudotuberculosis, rohdei
Yokenella Regensburgei
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Other genera of the family Enterobacteriaceae that may have been
associated with human infections®®
Citrobacter gillenii (Formerly Citrobacter Genomospecies 10), Citrobacter murliniae

(Formerly Citrobacter Genomospecies 11), Leminorella grimontii, Leminorella richardii,
Moellerella wisconsensis,

Other genera and species of the Enterobacteriaceae may rarely be associated with
human disease.

3 Identification N
P4

3.1 Microscopic Appearance @3’@

Gram stain (TP _39 - Staining Procedures) 0@

Gram negative rods, some may show bipolar staining (eg Yersinia sp‘ebéé).

N
3.2 Primary Isolation Media &
Blood agar (BA): 16-24hr incubation in 5-10% CO, at 35-37°C§0¢'

MacConkey (MAC) agar: 16—24hr incubation in air at 35-3§¥.

Cystine-lactose-electrolyte deficient (CLED) agar with é}ﬁmothymol blue (CLED B) or
Andrade’s indicator (CLED A): 16—24hr incubation isﬁ r at 35-37°C.

Selective enteric media, incubation in air at 35-5&,% for 16-24hr:

Desoxycholate citrate agar (DCA). Qé

Xylose-lysine-desoxycholate agar (XLDbé

Brilliant Green Agar (BGA) @0

Cefixime-telIurite-sorbitol-MacCo@eey (CT-SMAC) agar.

Thiosulphate-citrate-bile salt S) agar.

Cefsulodin-Irgasan (triclov'@%-novobiocin (CIN) agar incubated in air at 32°C for 24—

48hr. 4;

Chromogenic med'é{hcubated in air at 35-37°C for 16-24hr.

3.3 Colon@%ppearance

BA- ColoniQ8 are 2-3mm diameter, low, convex, grey, smooth or mucoid, may be
haemol&@or swarming.

MA J&Iolonies may appear pink (lactose fermenting) or colourless (lactose non-
fegrenting), size and shape vary with individual species.

Q%vI_'ED B— Colonies may appear yellow (lactose fermenting) or blue (lactose non-
fermenting), size and shape vary with individual species.

CLED A- Colonies may appear pink (lactose fermenting) or green, translucent (lactose
non-fermenting), size and shape vary with individual species.

DCA- Colonies may appear pink (lactose fermenting) or colourless (lactose non-
fermenting) and may have black centre (H,S producers).
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XLD- Colonies may appear yellow (xylose, lactose or sucrose fermenting) or pink
(non-fermenting) and may have black centre (H,S producers).

BGA- Colonies appear as red-pink, 1-3mm in diameter, surrounded by brilliant red
zones in the agar.

CT-SMAC- Colonies may appear pink (sorbitol fermenting) or colourless (sorbitol non-
fermenting).

TCBS—- Colonies may appear yellow (sucrose fermenting) or blue-green (sucrose non-
fermenting). s
N

CIN- Colonies may have deep-red centres (mannitol fermenting) surrounded by aq?
translucent border giving the appearance of a “bull’'s eye”. «3’

Note: Colonies of Yersinia species may be smaller than those of other @0
Enterobacteriaceae. @(,Q'
Q
D

3.4 Test Procedures I
Oxidase Test (TP 26 - Oxidase Test) Qg'
All Enterobacteriaceae are oxidase negative. 4@®0
Indole Test (TP19 — Indole Test) - Optional O

The indole test determines the ability of an organism .@produce indole from the
degradation of the amino acid tryptophan. It is an@'ﬂ in differentiation of the
Enterobacteriaceae and other genera. 4\@

Klebsiella, Enterobacter, Hafnia and Serrati ﬁ)ecies give variable indole reactions but
are usually negative. >

Escherichia species are positive for ig'Qo?e except E. vulneris.

Carbohydrates Fermentation TSQ}‘

Lactose fermentation exhibits 3&fiable results depending on the genus and species.
Commercial identificatiqgckit

Laboratories must foII@%anufacturer’s instructions and rapid tests and kits must be
validated and be sh@n to be fit for purpose prior to use.

Serotyping OQQ'
Serotyping iéﬁbtyping method based on the immuno-reactivity of various antigens.

Shigella Ries are by definition non-motile, as such, only the somatic (O) antigens
are utik for the determination of serotype. Flagellar (H) antigens are not expressed.

Thegmajority of serotypes of Salmonella possess two phases of H (flagellar) antigens
serotyping of these species can also be done. Refer to TP_3 - Agglutination Test
QYr Salmonella species and TP 32 - Changing the Phase of Salmonella for the detailed
" procedures.
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3.5 Further Identification
Rapid Molecular Methods

Molecular methods have had an enormous impact on the taxonomy of
Enterobacteriaceae. Analysis of gene sequences has increased understanding of the
phylogenetic relationships of Enterobacteriaceae and related organisms; and has
resulted in the recognition of numerous new species. Molecular techniques have

made identification of many species more rapid and precise than is possible with (“’

phenotypic techniques. Q.q,

A variety of rapid identification and sensitivity methods have been developed

isolates from clinical samples; these include molecular techniques such as [-time
Polymerase Chain reaction (PCR), Pulsed Field Gel Electrophoresis (PF, ,
Multilocus Sequence Typing (MLST), Multiple-Locus Variable-Numbe ndem-
Repeat Analysis (MVLA), SNP assays, Whole Genome Sequencing®WGS) and
Matrix Assisted Laser Desorption lonisation Time-of-Flight (MALJ@e TOF) Mass
Spectrometry. All of these approaches enable subtyping of u ted strains, but do so
with different accuracy, discriminatory power, and reproduciMty.

However, these methods remain accessible to referencgWéboratories only and are
difficult to implement for routine bacterial identificatio;(m a clinical laboratory.

Matrix-Assisted Laser Desorption/lonisation - @16 of Flight (MALDI-TOF) Mass
Spectrometry &4\@

Matrix-assisted laser desorption ionization e-of-flight mass spectrometry (MALDI-
TOF MS), which can be used to analyse e protein composition of a bacterial cell,
has emerged as a new technology for, cies identification. This has been shown to
be a rapid and powerful tool becauséof its reproducibility, speed and sensitivity of
analysis. The advantage of MAL@’I’OF as compared with other identification methods
is that the results of the analys'g’are available within a few hours rather than several
days. The speed and the si@ﬁlcity of sample preparation and result acquisition
associated with minimal &msumable costs make this method well suited for routine
and high-throughput us§¥"".

This has been utili to aid in both the detection and species-level identification of
Salmonella speq®s and Enterobacter cloacae complex. As a tool for subspecies and
serovar typin ALDI-TOF MS shows significant promise but will require additional
studies andQnodifications to existing protocols before the method can be used as a
stand-alsf% mechanism®,

Thi te%hnique has equally been used for the identification of Pantoea species but the
d ase would benefit from additional entries being added to further populate it with
J tries of both environmental and clinical interest®®.

It has also been used successfully for the identification and characterization of the
Proteus mirabilis, Plesiomonas shigelloides and Enterobacter cloacae isolates except
that an improved MALDI-TOF MS database needs to be compiled in order to be able
to determine species-level identifications, eg the Enterobacter cloacae complex®.

MALDI-TOF MS has the ability to accurately discriminate between the two clinically
relevant and highly genetically similar organisms with identical 16S rRNA gene
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sequences, Y. pestis and Y. pseudotuberculosis®’. The methods of inactivation used
for these pathogenic organisms does not have any influence on the on the MALDI-
TOF MS spectra generated. This has also been used to identify and subtype Yersinia
enterocolitica isolates®

MALDI-TOF MS is able to derive genus- and species-level identifications for
Cronobacter isolates or identify them as non-Cronobacter isolates in the case of non-
target strains and to identify different biovars within the C. sakazakii species but
according to study by Cetinkaya et al., molecular techniques such as 16S rRNA and
fusA gene sequencing and multilocus sequence typing (MLST) are more reliable S
mechanisms of Cronobacter identification®® . N

One of the limitations is the current inability of MALDI-TOF MS to reliably distin@gﬁ
pathogenic from non-pathogenic E. coli isolates, in addition, numerous repo ave
also described the difficulty encountered when trying to discriminate E. cof$fom
Shigella species. Differentiation of pathogenic E. coli strains from Shig species is
challenging because of the close genetic relatedness of the organlsrns

Real-time Polymerase Chain reaction (RT-PCR) Q.

PCR is usually considered to be a good method for bacterial g&ection as it is simple,
rapid, sensitive and specific. The basis for PCR diagnosticﬁplications in microbiology
is the detection of infectious agents and the discriminatig?of non-pathogenic from
pathogenic strains by virtue of specific genes. Howevgs, it does have limitations.
Although the 16S rRNA gene is generally targeted & the design of species-specific
PCR primers for identification, designing primergg¥ difficult when the sequences of the
homologous genes have high similarity.

This has been used successfully in the i ication of Enterobacteriaceae -
Escherichia coli, Klebsiella pneumomae&roteus mirabilis, Citrobacter species,
Enterobacter cloacae and Salmonel @Qubspemes I, Salmonella enterica serovars
Typhimurium, Typhi and Enteritid| well as Salmonella enterica subspecies
arizonae and diarizonae (rapid d accurately without the need for serological
testing)">"°. However, multi QQ&R is cumbersome and sometimes lacks
reproducibility between la tories because of the specific conditions needed for
simultaneous amplifica&@ of several regions’®

PCR has also been¢ed to detection of Y. pestis among pathogenic Yersinia species
and other entero eriaceae having antigens common to Y. pestis. It is very useful in
cases of emergicy and for the surveillance of epidemics’”.

PCR has ale?been used to detect virulence genes of Yersinia enterocolitica and Y.
pseudo&z&rculoss in human clinical isolates’®

PulieéField Gel Electrophoresis (PFGE)

E detects genetic variation between strains using rare-cutting restriction

ndonucleases, followed by separation of the resulting large genomic fragments on an
agarose gel. PFGE is known to be highly discriminatory and a frequently used
technique for outbreak investigations and has gained broad application in
characterizing epidemiologically related isolates. However, the stability of PFGE may
be insufficient for reliable application in long-term epidemiological studies. However,
due to its time-consuming nature (30hr or longer to perform) and its requirement for
special equipment, PFGE is not used widely outside the reference laboratories’®°.
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This has been used successfully to identify and discriminate between species of the
family Enterobacteriaceae — for example, it has been used in tracking the source of
Salmonella infections for different serotypes and is considered the gold standard for
Salmonella molecular typing and also for typing of Klebsiella species*®#"%,

Multilocus Sequence Typing (MLST)

MLST measures the DNA sequence variations in a set of housekeeping genes directly
and characterizes strains by their unique allelic profiles. The principle of MLST is
simple: the technique involves PCR amplification followed by DNA sequencing.
Nucleotide differences between strains can be checked at a variable number of gene&
depending on the degree of discrimination desired. The technique is highly q,°
discriminatory, as it detects all the nucleotide polymorphisms within a gene rat han
just those non-synonymous changes that alter the electrophoretic mobility o

protein product. One of the advantages of MLST over other molecular typyg$'methods
is that sequence data are portable between laboratories and have led t& e creation
of global databases that allow for exchange of molecular typing data"vja the Internet®.

MLST has been extensively used as the one of the main typing%.ﬂwods for analysing
the genetic relationships within the Enterobacteriaceae populgig especially the
genus Salmonella®®. MLST was found to provide better djgf¥imination of Salmonella
serotype Enteritidis strains than PFGE and accurately diff@®ntiate outbreak strains
and clones of the Salmonella serovars most commonly 88sociated with human
disease. It has also been useful for typing non-typh&i | Salmonella strains®*.

This has also been used to identify Shiga-toxinyﬁucing E. coli and Shigella species
as well as Klebsiella species™*®. Py

<
The drawbacks of MLST are the substantig®ost and laboratory work required to
amplify, determine, and proofread the na!?éotide sequence of the target DNA
fragments, making the method hard itable for routine laboratory testing.

Multiple-Locus Variable-Numb@\’l'andem-Repeat Analysis (MVLA) also known
as VNTR &

Multiple-Locus Variable n rﬁboer tandem repeat Analysis (MLVA) is a method used to
perform molecular typi;ﬁ particular microorganisms. It utilizes the naturally
occurring variation in,( number of tandem repeated DNA sequences found in many
different loci in thegg®nome of a variety of organisms. The molecular typing profiles are
used to study trg¥mission routes, to assess sources of infection and also to assess
the impact of an intervention such as vaccination and use of antibiotics on the
compositio bacterial populations.

This h een used successfully in the subtyping of Salmonella enterica subsp
enterica serovar Typhimurium, Enteritidis, Typhi, Infantis, Newport, Paratyphi A,
SagMtpaul, and Gallinarum isolates®®*%%#’ The method has proven very useful for

ecting and investigating outbreaks, since it has the capacity to differentiate closely
related strains. It is technically simple and inexpensive to perform. However, it has no
usefulness for serovar assignment or for global phylogenetic studies because the
scope of each MLVA is commonly restricted to a unique serovar.

This has also been used successfully to identify Shigella and Escherichia strains,
suggesting that it could significantly contribute to epidemiological trace-back analysis
of Shigella infections and pathogenic Escherichia outbreaks. It has also been used to
genotype Yersinia pestis®®.
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Whole Genome Sequencing (WGS)

This is also known as “full genome sequencing, complete genome sequencing, or
entire genome sequencing”. It is a laboratory process that determines the complete
DNA sequence of an organism's genome at a single time. There are several high-
throughput techniques that are available and used to sequence an entire genome
such as pyrosequencing, nanopore technology, lllumina sequencing, lon Torrent
sequencing, etc. This sequencing method holds great promise for rapid, accurate, and
comprehensive identification of bacterial transmission pathways in hospital and
community settings, with concomitant reductions in infections, morbidity, and costs. S

This has been used successfully to explore the genome of Shigella species and Eq?oli
0157:H7 to identify candidate genes responsible for pathogenesis, and to dev

better methods of strain detection and to advance the understanding of the ution
of E. coli. With this technique, lateral gene transfer of E. coli that was discg¥€red was
very extensive®"#°, o@

WGS has also been used to provide important insights into the patho&gy of Yersinia
enterocolitica and, more broadly, into the evolution of the genus&d other human
enteropathogens®. Q

This technigue has equally been used to characterise Salr@ella enterica serovar
Typhi and to discover its recently acquired genes, such hose encoding the Vi
antigen, by horizontal transfer events and it has prov@o new insights into how this
pathogen has evolved to cause invasive disease in@umanssz.

rpoB Single Nucleotide Polymorphism (rpo&&NP) assay

rpoB gene is a single-copy chromosomal g encoding the RNA polymerase (-
subunit. This gene has been previously d in phylogenetic analysis for bacteria
species and genus delineation, since bl highly conserved across organisms®*.
However, the 16SrRNA gene has b{®h used widely and its usefulness has been
greatly enhanced through the est&ﬂishment of public domain databases but its
sensitivity has been question articularly among Enterobacteriaceae and so when
the rpoB gene was used asg@M alternative for detection based on a Single Nucleotide
Polymorphism, it was fo@ to be more compatible with the currently accepted
classification of Enterpii¥Cteriaceae and a powerful identification tool which may be
useful for universal @cterial identification. This has been used to demonstrate that the
genus Klebsiella'é?polyphyletic and to detect Salmonella enterica serotype
Typhimuriummo\)

The distincmodvantage of SNP and other nucleotide sequence-based methods over
profile- rating methods is that genetic relationships can be established on the
basis'dt discrete data that are directly suitable for biocomputing and statistical
anafysis®’.

0‘56 Storage and Referral

Save the pure isolate on a nutrient agar slope for referral to the Reference Laboratory.
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4 |dentification of Enterobacteriaceae Flowchart

C

Clinical Specimens
Primary isolation plate

)

Y

BA

CLED B or CLED A, MAC
DCA, XLD, CT-SMAC, TCBS, CIN agar
Incubation temperature and conditions vary. See 3.2

v

Colonial appearance and
morphology varies. See 3.3

Carbohydrate
(lactose)
fermenting

&

Carbohydrate
(lactose) non
fermenting

v

Gram stain on pure culture.
Gram negative rods — some
may show bipolar staining
(Yersinia species)

&
¢<b
<
Q,@
Aé’@
O
Q
N2
&
O e test (TP 26) _
Pewed :r:'(;munnt:n selective
G I
Negative

&

ossible Pseudomonas species
or
Pasteurella species
(see ID 17 and 13)

The flowchart is for guidance only.

All Enterobacteriaceae

Other identification tests (optional) that could be
done are indole test, serology, commercial
identification system

Y

- [For further identification if clinically indicated, send
rk to the Reference Laboratory
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5 Reporting

5.1 Presumptive Identification

If appropriate growth characteristics, colonial appearance, Grams stain on pure
culture, oxidase and serological results are demonstrated.

5.2 Confirmation of Identification

Further biochemical tests and/or molecular methods and/or reference laboratory N
report. 0

5.3 Medical Microbiologist Qg’

Inform the medical microbiologist of presumptive and confirmed Y. pestis, §#yphl
S. Paratyphi, Shigella species, E. coli 0157 and Salmonella species (a@rdlng to
local procedures).

The medical microbiologist should also be informed if the reques@ard bears

information relating to infection with Y. pestis eg Q
&

e Ulceroglandular/pneumonic syndrome 04

e Septicaemia "é

e Travelling, hunting, farming, or veterinary éak overseas
Information relating to cases of: &4\@

e Enterocolitis Q«'

e Dysentery Oé

e Septicaemia K

e Haemolytic-uraemic syn@me
e Neurological dysfunc@ﬂ1 or confusional states
e (non-blanching)

Presumptive or confifmed agents of enteric fever, dysentery, and enterocolitis should
also be relayed tg&e medical microbiologist, especially if the patient has a history of:

o recenbt?eign travel
o farg?g (or visits to farms)
J &%terlnary or laboratory work

Q’o‘ alcoholism, substance abuse, immunodeficiency or other serious underlying
oqy' disorder such as cancer

Presumptive and confirmed isolates of Enterobacteriaceae from cases of food
poisoning and from investigations of outbreak situations should additionally be
reported to the medical microbiologist.

Follow local protocols for reporting to clinician.
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54 CCDC
Refer to local Memorandum of Understanding.

All clinically significant isolates should be notified by the diagnostic laboratories to
ensure urgent initiation of proper procedures.

http://www.dh.gov.uk/PolicyAndGuidance/HealthAndSocialCareTopics/GreenBook/fs/
en

5.5 Public Health England®®’ A
Refer to current guidelines on CDSC and COSURY reporting. ,‘9"

From 1 October 2010 provisions relating to diagnostic laboratories come into t&gé
The Health Protection (Notification) regulations 2010 require diagnostic labggstories to
notify Public Health England (PHE) when they identify the causative agertﬁat are
listed in Schedule 2 of the Regulations. Notifications must be provided 'o«ﬂvriting, on
paper or electronically, within seven days. Urgent cases should be ndbfied orally and
as soon as possible, recommended within 24 hours. These shoule,be followed up by
written notification within seven days. Q

&

For the purposes of the Notification Regulations, the recipisﬁt» of laboratory
notifications is the local PHE Health Protection Team. If @¥ase has already been
notified by a registered medical practitioner, the diagngstic laboratory is still required
to notify the case if they identify any evidence of ar]é'ﬁ’ection caused by a notifiable
causative agent.

\4
Notification under the Health Protection (Notj 'ﬁion) Regulations 2010 does not
replace voluntary reporting to PHE. The va®'majority of NHS laboratories voluntarily
report a wide range of laboratory diagnés of causative agents to PHE and many
PHE Health protection Teams have ements with local laboratories for urgent
reporting of some infections. This ﬁg continue.

Note: The Health Protection L, ’)Iation Guidance (2010) includes reporting of HIV &
STls, HCAIs and CJD unde% otification Duties of Registered Medical Practitioners’: it
is not noted under ‘Notificegion Duties of Diagnostic Laboratories’.

Other arrangements ixﬁ?ln Scotland® %, Wales® and Northern Ireland®’.
Notify all isolate the following:
E. coli (presur@ve [locally-confirmed] VTEC 0157 and other possible VTEC strains)
Salmonella®pecies
. o
Shlgeu& ecies
Yeéq'r'\ia pestis
Qf'gent oral notification to the Public Health England Centre within 24hr of

identification is likely to be necessary to protect human health when
presumptive identification is made of the following:

S. Typhi or S. Paratyphi

Salmonella species, if a suspected outbreak or a case in a food handler or closed
community such as a care home

Shigella species other than S. sonnei
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S. sonnei, if a suspected outbreak or a case in a food handler or closed community
such as a care home
E. coli O157 when presumptive (locally confirmed) at the diagnostic laboratory
Other verocytotoxigenic E. coli O157
Yersinia pestis

Confirmatory and typing results should be forwarded to the Public Health
England Centre as soon as they are available to expedite appropriate health

protection interventions. ':b
N
5.6 Infection Control Team Qﬂ'
Inform the infection control team of presumptive and confirmed isolates of Eﬁ
0157, Yersinia, Salmonella and Shigella species. @0@
Q
6 Referrals N

&
6.1 Reference Laboratory Q

Contact appropriate devolved nation reference laboratory tgﬂnformation on the tests
available, turnaround times, transport procedure and arngther requirements for
sample submission: ,fp

England and Wales Q,e
http://www.hpa.org.uk/webw/H PAweb&Paqe&I;kﬁﬁ\webAutoListName/Paqe/11583134
343707p=1158313434370 Q‘}

Gastrointestinal Infections Reference U
Microbiology Services Q
Public Health England &
61 Colindale Avenue R
London é‘b

NW9 5EQ o

Contact PHE’s main swi@ooard: Tel. +44 (0) 20 8200 4400
Scotland A
http://www.hps.s@nhs.uk/reflab/index.aspx

Northern Irel

http://%&Ifasttrust.hscni.net/ Laboratory-MortuaryServices.htm
N
Q"

&
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