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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 investiga. on of
infection in their patients, as well as providing information that aidsthe
electronic ordering of appropriate tests.

e SMiIs provide commissioners of healthcare services with the uppicric teness
and standard of microbiology investigations they should b« seeking as sart of
the clinical and public health care package for their popui. *ior.

Background to SMis

SMis comprise a collection of recommended algorithms and aroceuures covering all
stages of the investigative process in microbiology“-om . 2.0 2-analytical (clinical
syndrome) stage to the analytical (laboratory tes’.ng) /nd post analytical (result
interpretation and reporting) stages.

Syndromic algorithms are supported by m_re \ =2tan. 4.2 ocuments containing advice
on the investigation of specific diseasegs and i -2ctions. Guidance notes cover the
clinical background, differential diagnosis, ™ id appropriate investigation of particular
clinical conditions. Quality guidance notes de cribe laboratory processes which
underpin quality, for example a<say alidation.

Standardisation of the diagnos = r.ute_C through the application of SMIs helps to
assure the equivalence ¢’ investic ation strategies in different laboratories across the
UK and is essential for' wbliz nealtr. surveillance, research and development activities.

Equal Partner—.ip "Vo. ' .19

SMis are develc ed in ec Jal partnership with PHE, NHS, Royal College of
Pathologists < 2d p. >fes<.onal societies.

The list< ~ particie 2ting societies may be found at

http:/i ww "pa.org.uk/SMI/Partnerships. Inclusion of a logo in an SMI indicates
participe on '« f the society in equal partnership and support for the objectives and

[ 2cess 0: oreparing SMIs. Nominees of professional societies are members of the
Ste. ring C ommittee and Working Groups which develop SMis. The views of nominees
cannou we rigorously representative of the members of their nominating organisations
nor the corporate views of their organisations. Nominees act as a conduit for two way
reporting 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
help laboratories to meet accreditation requirements by promoting high quality
practices which are auditable. SMIs also provide a reference point for met o
development.

The performance of SMIs depends on competent staff and appro: 1ate quasr.”
reagents and equipment. Laboratories should ensure that all cc "/me:_ial and in-house
tests have been validated and shown to be fit for purpose. Lc hora. ries s ould
participate in external quality assessment schemes and ur. 'ertc ‘e re = .ant internal
quality control procedures.

Patient and Public Involvement

The SMI Working Groups are committed to pat. *nt 2:.d public involvement in the
development of SMIs. By involving the publi=.hec. a prof_ ssionals, scientists and
voluntary organisations the resulting SMl.vill b » rob. =~ 'and meet the needs of the
user. An opportunity is given to membei. of . “uhlic to contribute to consultations
through our open access website.

Information Governance and Zquality

PHE is a Caldicott compliant o, 27 .sauu... It seeks to take every possible precaution
to prevent unauthorised < .sclosui. of patient details and to ensure that patient-related
records are kept undei’ “ecu : cona.ions.

The development 27 2MlIs e s.oject to PHE Equality objectives

http://www.hpa < .qg.uk/w bcii.PAwebFile/HPAweb C/1317133470313. The SMI
Working Grorips  ve com nitted to achieving the equality objectives by effective
consultation w. h memb_rs of the public, partners, stakeholders and specialist interest
groups.

Legal “tav. ment

V. hilst eve ¢ care has been taken in the preparation of SMIs, PHE and any supporting
orge Misatic n, shall, to the greatest extent possible under any applicable law, exclude
liability 1or all losses, costs, claims, damages or expenses arising out of or connected
with 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. (2014). Identification of Bacillus species. UK Standards for
Microbiology Investigations. ID 9 Issue 2.3. http://www.hpa.org.uk/SMI/pdf.
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Scope of Document

This SMI describes the identification of Bacillus species. The organisms described in
this document are those which may be isolated from clinical material, although not all
have been shown to cause human disease.

This SMI should be used in conjunction with other SMis.

Introduction

Taxonomy

The genus Bacillus currently comprises in excess of 60 species, comonly ‘ouric. 1
the environment and as laboratory contaminants?.

Characteristics

Bacillus species are Gram positive rods often arranged in : air. or ¢. air 5 with rounded
or square ends and usually have a single endospore. The € xdos, ~res are generally
oval and are very resistant to adverse conditions. Sp~a-ulatios is not repressed by
exposure to air’. Bacillus species can be broadly csidea ..=th. =e groups based on the
morphology of the spore and sporangium?®. The ,roup~ are:

Group 1 — Gram positive, produce central or.tern, ~al ellir soidal or cylindrical spores
that do not distend the sporangium.

Group 2 — Gram variable with ellipsoidal . 96 ¢s a... swollen sporangia.
Group 3 — Gram variable, sporanaia swollen xith terminal or subterminal spores.

Virulent strains of B. anthracis srodl e a characteristic polypeptide capsule, which
can be demonstrated by cultur. .07 a 1. Zium containing 0.7% bicarbonate and is
incubated overnight in ar atmos. ere with a raised CO, concentration. Alternatively a
small volume of sterile< efibr " iated \.orse blood may be inoculated and incubated for
6-18hr. Colonies of caps. ' .te B. .nthracis appear mucoid and the capsule can be
seen by the use 7. Mci 2dy 27 s polychrome methylene blue®. Avirulent strains may
occur which do" ot prodt e a capsule or toxin, and these may be misidentified as
Bacillus cere. s.

Many Ba-illus sp xciec are haemolytic, a useful characteristic in differentiating them
from R. ai *hracis \./hich is non-haemolytic). They are aerobic or facultatively

anaero. ‘c ai 1 most species are motile (a notable exception is Bacillus anthracis) by

g eritrichou s flagella. Most species are oxidase positive, which may lead to confusion
wiu - Pseur bmonas species, especially if the Bacillus species are poorly stained. They
are uc ..y catalase positive and metabolise carbohydrates by fermentation.

B. anthracis is almost invariably sensitive to penicillin whereas other species are
generally resistant®.

Principles of Identification

Isolates from primary culture on non-selective agar are identified by colonial
appearance and the presence or absence of -haemolysis. On selective agar such as
Polymyxin egg yolk mannitol bromothymol blue agar (PEMBA) B. cereus (which is
mannitol-negative and hydrolyses lecithin) produces characteristic blue colonies with a
zone of precipitation. Bacillus thuringiensis produces a similar reaction. B. cereus,
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unlike B. thuringiensis, does not produce cuboid or diamond shaped parasporal
crystals in cultures on sporulation agar or nutrient agar incubated for at least two days.
The crystals are demonstrated with phase contrast microscopy or staining with
malachite green. Care must be taken to distinguish B. cereus from other organisms,
such as Staphylococcus aureus, Serratia marcescens, and Proteus vulgaris which
also grow on PEMBA. These colonies can be differentiated from B. cereus by colonial
morphology and colour. They also produce an egg yolk clearing reaction in contrast to
the precipitate produced by B. cereus. Identification is verified by Gram stain,
lecithinase activity, motility, penicillin susceptibility and biochemistry. Significant
isolates should be referred to the Reference Laboratory for confirmation of ide tity and
toxin testing.

Species differentiation of the genus is complex and, in some instances in a rouu.
laboratory, a combination of Gram stain and colonial appearance muy Lo rec arded as
sufficient indication of a Bacillus species being present in a clinic'. specimer..

If B. anthracis is suspected, specimens should be referred direct t. the Faference
Laboratory. This organism is described on the HPA websit.

Technical Information/Limitationg

N/A
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1 Safety Considerations®*

Bacillus anthracis is a Hazard Group 3 organism - all work on suspected isolates must
be performed in a microbiological safety cabinet in a Containment Level 3 room.

If B. anthracis is suspected clinically, refer specimens directly to the Reference
Laboratory.

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

Laboratory procedures that give rise to infectious aerosols must be conducted 1. a
microbiological safety cabinet.

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

Compliance with postal and transport regulations is essential.

2 Target Organisms

Bacillus species Reported to Have Caus -d Hui..~ Infection®

Group 1 — Gram positive, produce central ov ‘erpr .nal ellipsoidal or cylindrical
spores which do not distend the sporans:m.

Bacillus anthracis
Bacillus cereus
Bacillus megaterium
Bacillus mycoides
Bacillus thuringier ,is

Group 2 — Gram variar =.1th ellipsoidal, central or sub-terminal spores and
swollen sporangi«:

Bacillus « ‘veli
Bacilluc hrev =

B. ...oocitulans
.’achi 's coagulans
Bac 'lus licheniformis
R-_illus macerans
Bacillus pumilus
Bacillus subtilis

Group 3 — Gram Variable with Spherical, Terminal or Sub-Terminal Spores and
Swollen Sporangia

Bacillus sphaericus.
Other species may rarely be associated with human infection.
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3 Identification

3.1 Microscopic Appearance
(TP 39 - Staining Procedures)

Gram stain

Large Gram positive rods (which may have a single endospore). Some species may
be Gram variable.

McFadyean stain
Use to stain the capsule of B. anthracis.

Giemsa stain
Use to stain the capsule of B. anthracis.

Note: capsules are only normally seen if B anthracis is growi. ».in . 00 serum or is
present in very fresh tissue samples.

3.2 Primary Isolation Media
Blood agar incubated in air/CO; at 35°C-37°C fe' 24—/8hr.

Polymyxin, egg yolk, mannitol, bromothymol hlue = gar (P°_MBA) — optional.

3.3 Colonial Appearance
Colonial appearance varies with species, a 4 a brief description is given here:

Organism Haemolysis | C’ .. oristics of growth on horse blood agar or PEMBA
ifter incubation at 35°C-7°C for 18-24hr

B. anthracis non (may "lood agar - Colonies are flat and irregular, 2-5mm in diameter,
ocr nally he grey/white in colour with a ground glass appearance.
' eakly
aemolytic
B. cereus group q Blood agar - Colonial appearance is similar to that of

| B. anthracis although B. cereus colonies are cream to white and
B. mycoides are rhizoid or hairy looking.

PEMBA - Colonies are crenated, 5mm diameter, turquoise to
peacock blue with a zone of egg yolk precipitation.

Other v il B Blood agar - Colonies are large (2-7mm) with a frosted-glass
appearance, but may become opaque. Colour varies. Some

species : . .
species may produce mucoid or smooth colonies.

PEMBA - B. thuringiensis forms similar colonies to B. cereus
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3.4 Test Procedures
Lecithinase production (TP 22 - Nagler Test)

Inoculate an egg yolk agar plate and incubate at 35°C-37°C for 18-24hr, then
examine for a zone of egg yolk precipitation. B. anthracis, B. cereus, B. thuringiensis
and B. mycoides are positive.

Motility (TP 21 - Motility Test)
All Bacillus species are motile with the exception of B. anthracis and B. mycoides.

Penicillin susceptibility

All Bacillus species, with the exception of B. anthracis, are generally resisi oo
penicillin as determined by E-Test.

Crystal formation

Use to differentiate B. cereus from B. thuringiensis. After growth »n.porulation agar or
on nutrient agar for at least 48hr, B. thuringiensis produces cu »oid "« di=.nond shaped
parasporal crystals. These are demonstrated with phase cc atras mic.oscopy or
staining with malachite green.

Summary of test results

Lecithinase Mot v Penicillin Crystal formation
< .sceptibility
Bacillus anthracis +* ‘ - S -
Bacillus cereus + A R -
Bacillus megaterium - ) + R -
Bacillus mycoides + v - R -
Bacillus thuringiensis + + R +
Bacillus alvei 4 + R -
Bacillus brevis |- + R -
Bacillus circulan\— - + R -
Bacillus cG iuies g - + R -
Bacillus I.Tenl. rmis - + R -
—Ba(, 'us mac: rans - + R -
Bacillus - winilus - + R -
Bacillus subtilis - + R -
Bacillus sphaericus - + R -

* B. anthracis may produce narrow lecithinase zones and colony may need to be
scraped away to see reaction.

3.5 Further Identification
N/A
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3.6 Storage and Referral
Save the pure isolate on a nutrient agar slope for referral to the Reference Laboratory.
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lus species

Clinical s
Primary isol

pecimen
lation plate

C

| Blood agar I

\ 4
B. anthracis/cereus group — flat, grey/green/cream
colour, ground glass appearance, 2-5 mm diameter.
B. mycoides - rhyzoid/hairy/spreading colony.

Oher Bacillus sp. 2-5 mm diameter, smooth/mucoid/
crenated—generally B haemolytic

)

Y

B. cereus, B. thuringiensis
5mm diameter, turquoise to peacock
blue, with zone of precipitatior

B. anthracis PCR

A 4 A 4
Ion .B haﬁm(l)éyg Gram stain of pure culture
co ?mes sd.OL; | te Gram-positive rods (may have single endospore)
sentimmediately to Some species may be Gram variable
the reference lab for

and further Y
characterisation o
Lecithinase J
Negative @
Motility
|
/ Ser tothe
fe _ncelab” -
{B. thracis’ CR Positive
ai. o aer
haracicrisatio
Penicillin susceptibility
|
Y
Presumptive
Presumptive Presumptive B. cereus or
B. anthracis B. mycoides B. thuringiensis
A\ 4 y A\ 4 Y.

Further identification if clinically indicated
Refer to the Reference Laboratory
If required, save the pure isolate on a nutrient agar slope

The flowchart is for guidance only.
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5 Reporting

5.1 Presumptive ldentification

If appropriate growth characteristics, colonial appearance and Gram stain of the
culture, are demonstrated.

5.2 Confirmation of Identification

Following lecithinase activity, motility, penicillin susceptibility and commercial
identification kit results and/or the Reference Laboratory report.

5.3 Medical Microbiologist

Inform the medical microbiologist of all positive cultures from speci.iens 1. 21. normally
sterile sites, and of all isolates of presumed and confirmed Baci” s ar’aracis.

According to local protocols, the medical microbiologist shou ! be  formsJ when the
request card bears relevant information which suggests ar. hra, amc >, the differential
diagnoses.

e Ulcerating skin lesions with a black eschar

e Fulminating pneumonia (especially with: 1deni".g of the mediastinum on X-ray)
and in outbreaks of the same

e Circumstances predisposing to inf_ctior with . anthracis, eg farming,
horticulture, veterinary, dockyard, 2n: ciy, ..sollen textile or medical laboratory
work

The medical microbiologist sho*.d a ;0 be informed of other Bacillus species (other
than B. anthracis), presumed ¥ cor ‘*~ad in accordance with local protocol, when the
request form bears relevar . adcu " onal information for example:

e Penetrating inju ¢, cor .pounc fracture or retained foreign body

e Infection of === ~dw !linc.nedical devices, such as prosthetic valves,
pacemak i, CSF ‘hui.. or peritoneal or vascular catheter

e Food | nisc. ing
e [r~stinal, 1 0r a possible outbreaks
Follov. 'oca nrotocols for reporting to the patient’s clinicians.

5.* CCOHC
Refe. *o.!_cal Memorandum of Understanding.

5.5 Public Health England?®
Refer to current guidelines on CDSC and COSURYV reporting.

5.6 Infection Control Team

Inform the relevant infection control team of presumed or confirmed isolates of
B. anthracis.
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6 Referrals

6.1 Reference Laboratory

For information on the tests offered, turn around times, transport procedure and the
other requirements of the reference laboratory refer to:

Bacillus anthracis

Rare and Imported Pathogens Laboratory
Public Health England

Porton Down

Salisbury

Wiltshire

SP4 0JG

United Kingdom SP5 OJG

Telephone +44 (0) 1980 612100

http://www.hpa.org.uk/cepr/specialpathogens/default.htm

Bacillus cereus and other Bacillus species

Foodborne Pathogens Reference Section
Microbiology Services

Public Health England

61 Colindale Avenue

London

NW9 5EQ

Contact PHE Microbiology Se. qice’ . '2'an’s main switchboard: Tel. +44 (0) 20 8200
4400

http://www.hpa.org.uk/. odv_tsServices/InfectiousDiseases/LaboratoriesAndReferenc
eFacilities/Laborato»OfG_ stroir_estinalPathogens/FoodbornePathogensReferenceUn
it/

Contact apprapric ‘e deve ved nation reference laboratory for information on the tests

available, turnc -our: '.ti” ies, transport procedure and any other requirements for
sample < missi

Englair ! an.' Wales
bttp://lww .« hpc.org.uk/webw/HPAweb&Page&HPAwebAutoListName/Page/11583134
34 70?p=. 158313434370

Scotla...

http://www.hps.scot.nhs.uk/reflab/index.aspx

Northern Ireland
http://www.belfasttrust.hscni.net/Laboratory-MortuaryServices.htm
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7  Notification to PHE**** or Equivalent in the
Devolved Administrations*>=°

The Health Protection (Notification) regulations 2010 require diagnostic laboratories to
notify Public Health England (PHE) when they identify the causative agents that are
listed in Schedule 2 of the Regulations. Notifications must be provided in writing, on
paper or electronically, within seven days. Urgent cases should be notified orally and
as soon as possible, recommended within 24 hours. These should be followed up by
written notification within seven days.

For the purposes of the Notification Regulations, the recipient of laboratoi -
notifications is the local PHE Health Protection Team. If a case has already bec.
notified by a registered medical practitioner, the diagnostic laborato:y is till \ 2quired
to notify the case if they identify any evidence of an infection cav <d by a nu. ‘able
causative agent.

Notification under the Health Protection (Notification) Regu'atic as 2. 10-,0es not
replace voluntary reporting to PHE. The vast majority of NF. 5 lat, ratories voluntarily
report a wide range of laboratory diagnoses of causati\ze age its to #»HE and many
PHE Health protection Teams have agreements w11 loce.'2b yratories for urgent
reporting of some infections. This should contin: .

Note: The Health Protection Legislation Guidanc. <2010 .ncludes reporting of Human
Immunodeficiency Virus (HIV) & Sexually . rar :mitw. 1..ifections (STIs), Healthcare
Associated Infections (HCAIs) and Cret 7feld” -'~kob disease (CJD) under
‘Notification Duties of Registered Medical . actitioners’: it is not noted under
‘Notification Duties of Diagnostic | 2boratorie.’

Other arrangements exist in Scotlan *>?®, Wales?’ and Northern Ireland®,
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