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Amendment table

Each UK SMI method has an individual record of amendments. The current
amendments are listed on this page. The amendment history is available from
standards@phe.gov.uk.

New or revised documents should be controlled within the laboratory in accordance
with the local quality management system.

Amendment number/date 11/11.05.18
Issue number discarded 8
Insert issue number 9

Anticipated next review date* 11.05.21

Section(s) involved Amendment *

format.

Whole document.

e-written for more clarity adding detailed section
on molecular methods.

Technical informati Added section for PCR and serology.
Developed this section to include:
4.1.1 Culture

4.1 Tests n.
41.2 PCR

4.1.3 Serology

Introduction.

e and investigation. Added section referring to PCR and serology.

Added section referring to identification with

.6 Identification. MALDI-TOF.

Added section referring to interpreting and

5 Reporting procedure. reporting PCR and serology results.

Algorithm updated to include PCR and serology as
Appendix. diagnostic methods with emphasis on their
relevance in relation to the cough onset.
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*Reviews can be extended up to five years subject to resources available.
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UK SMI"': scope and purpose

Users of UK SMis

Primarily, UK SMis are intended as a general resource for practising professionals
operating in the field of laboratory medicine and infection specialties in the UK. UK
SMils also provide clinicians with information about the available test repertoire and
the standard of laboratory services they should expect for the investigation of infection
in their patients, as well as providing information that aids the electronic orderin
appropriate tests. The documents also provide commissioners of healthcare semice

e

with the appropriateness and standard of microbiology investigations they shewld b
seeking as part of the clinical and public health care package for their pop %
Background to UK SMis

UK SMIs comprise a collection of recommended algorithms and procedur vering
all stages of the investigative process in microbiology from th$ -analyti€al (clinical
syndrome) stage to the analytical (laboratory testing) and post analtical (result
interpretation and reporting) stages. Syndromic algorithms % d by more
detailed documents containing advice on the investigatio ecifiC diseases and
infections. Quality guidance notes describe laboratory eSwhich underpin
quality, for example assay validation.

ion of UK SMIs helps to
different laboratories across the
arch and development activities.

Standardisation of the diagnostic process throug
assure the equivalence of investigation strategies
UK and is essential for public health sury€illance, r

Equal partnership working

UK SMis are developed in equal p
Pathologists and professional s
found at https://www.gov.uk/u
and-consistency-in-clinical-

ership with PHE, NHS, Royal College of
The list of participating societies may be
dards-for-microbiology-investigations-smi-quality-
tories. Inclusion of a logo in an UK SMI indicates
participation of the sociefjin partnership and support for the objectives and
process of preparing ominees of professional societies are members of
the Steering Commi working groups which develop UK SMls. The views of
nominees cannogbe ri sly representative of the members of their nominating
corporate views of their organisations. Nominees act as a
orting and dialogue. Representative views are sought through
ocess. UK SMIs are developed, reviewed and updated through a
process.

surance

ICE, has accredited the process used by the UK SMI working groups to produce UK
Is."The accreditation is applicable to all guidance produced since October 2009.
process for the development of UK SMis is certified to ISO 9001:2008. UK SMls
represent a good standard of practice to which all clinical and public health
microbiology laboratories in the UK are expected to work. UK SMIs are NICE
accredited and represent neither minimum standards of practice nor the highest level

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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of complex laboratory investigation possible. In using UK SMis, laboratories should
take account of local requirements and undertake additional investigations where
appropriate. UK SMls help laboratories to meet accreditation requirements by
promoting high quality practices which are auditable. UK SMls also provide a
reference point for method development. The performance of UK SMIs depends on
competent staff and appropriate quality reagents and equipment. Laboratories should
ensure that all commercial and in-house tests have been validated and shown to be fit
for purpose. Laboratories should participate in external quality assessment schemes
and undertake relevant internal quality control procedures.

Patient and public involvement

The UK SMI working groups are committed to patient and public mvolvem
development of UK SMis. By involving the public, health professional .
voluntary organisations the resulting UK SMI will be robust and meet eds of the
user. An opportunity is given to members of the public to contribute to co tions
through our open access website.

Information governance and equality
PHE is a Caldicott compliant organisation. It seeks to ta

to prevent unauthorised disclosure of patient details a
records are kept under secure conditions. The dévwelo .\
cnu
\d

PHE Equality objectives https://www.gov.uk/gove
england/about/equality-and-diversity.

The UK SMI working groups are commj achieving the equality objectives by
effective consultation with members of t ublic, partners, stakeholders and
specialist interest groups.

OSSIble precaution
sure that patient-related
UK SMis is subject to
anisations/public-health-

0

Legal statement
While every care has been tak

IMthe preparation of UK SMis, PHE and the partner
organisations, shall, to the t extent possible under any applicable law, exclude
liability for all losses, co , damages or expenses arising out of or connected
with the use of an UK#SNMI or any information contained therein. If alterations are
made by an end te YK SMI for local use, it must be made clear where in the
document th I\%) sshave been made and by whom such alterations have been

wledged that PHE and the partner organisations shall bear no
liability for s grations. For the further avoidance of doubt, as UK SMis have been
develo application within the UK, any application outside the UK shall be at the

r i e base and microbial taxonomy for the UK SMI is as complete as possible

& of issue. Any omissions and new material will be considered at the next
view. These standards can only be superseded by revisions of the standard,

islative action, or by NICE accredited guidance.

UK SMis are Crown copyright which should be acknowledged where appropriate.
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Scope of document

Type of specimen

Pernasal swab, nasopharyngeal aspirate, nasopharyngeal swab and blood serum.
The UK SMI describes the investigation and confirmation of Bordetella pertussis and v

Bordetella parapertussis by culture and PCR in pernasal swabs, nasopharynge
aspirates and nasopharyngeal swabs and by serology in blood serum.
This UK SMI should be used in conjunction with other UK SMls. Q

Introduction

Pertussis, commonly known as whooping cough (“violent cou as be ssociated
with high morbidity and mortality, particularly in infants”. Who§ [ ugh is a highly
contagious disease that is caused by the fastidious Gram ne N obacilli

B. pertussis and B. parapertussis that colonise the respirato&f The main
symptoms include malaise, fever followed by long bursts pUghing and choking

gristic whoop sound3.

with infants under six months of age at most risk ofi€evere complications®. The
infection can occur in adolescents and ibit milder symptoms of flu-like
iliness followed by a prolonged cough®

cyclical peaks in activity occurri three to four years®. An increase in pertussis

activity in England and Wales bserved from the third quarter of 2011,
predominantly in adolesce Its. This increase continued into 2012 and
extended into infants un onths who are at highest risk of severe

isati d death
ment/collections/pertussis-quidance-data-and-analysis).

complications, hospitz

In 2012, inr ignificant increase in laboratory confirmed cases of
pertussis an high rates of disease in young infants, the Health Protection Agency
(Public Hea nd since April 2013) declared a Level 3 incident (national

out September 2012, the Department of Health announced the
in a temporary programme to vaccinate pregnant women against

Qe This temporary programme, which is an outbreak control measure, aimed
t y protect infants from birth before they reach the age of routine

isation and during the period of greatest risk of complications and death®. From
1st April 2016, Public Health England suggests that pertussis containing vaccine
should be offered to pregnant women from 16 weeks gestation, ideally after their
foetal anomaly scan (usually at around 20 weeks)'°.

Diagnosis of pertussis is usually straight forward however, formes frustes (abortive or
atypical disease; disease stopped before it has run its full course) are known to occur,
and may cause diagnostic difficulty. Consideration should be given to appropriate
evaluation of patients with pertussis in whom infection with B. pertussis or

B. parapertussis cannot be demonstrated. In addition to sampling for pertussis, it is
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recommended that consideration is given to testing the patient for respiratory viruses
according to local procedures.

Laboratory confirmation of clinically suspected cases can be made by culture and
isolation of the causative organisms B. pertussis and B. parapertussis, detection of its
DNA (typically from nasopharyngeal swabs/pernasal swabs or nasopharyngeal
aspirates) or serological tests (which usually only provide a late or retrospective
diagnosis)'' (see Appendix).

Culture is conventionally performed to confirm infection with B. pertussis and
B. parapertussis. The method is highly specific but sensitivity is low 20-40%. C
also more likely to be unsuccessful the longer the time since the onset of illg
Diagnostic sensitivity can be maximised by supplementing culture with pol
chain reaction (PCR) methods and serology. PCR is more sensitive t
does not require organisms to be viable. Serology is particularly usefdl in diagnésing
infection in patients who have been coughing for four weeks, when both cultuge and
PCR would be anticipated to be unhelpful#1%-22, .

Early laboratory diagnosis is important for control and prevent;
Isolation and typing of the organism is also important for th
the vaccine programme. Vaccination provides the most effe
preventing pertussis transmission in the population, al @
vaccination or from past infection is not lifelong®

ooping cough.
ed monitoring of
strategy for
protection afforded by

Technical information/limitatio

Limitations of UK SMis

The recommendations made in UK SMls a sed on evidence (for example,
sensitivity and specificity) where ilable, expert opinion and pragmatism, with
consideration also being given t@lavailable resources. Laboratories should take
account of local requirements dertake additional investigations where
appropriate. Prior to use, la rieS should ensure that all commercial and in-house
tests have been validate are’fit for purpose.

Selective media%

The nature o tiv dia requires a balance between the performance

characteristi e costs of the tests. Selective media may not support the growth
of all circula ins of organisms. Refer to manufacturer’s instructions and recent
evidgnc ions of growth.

T uld support the growth of B. pertussis and B. parapertussis, suppress

ofme available that contain blood or charcoal or both, along with selective
ntiBigtic supplements - penicillin, cefalexin or meticillin.

ticillin is the least inhibitory of these towards B. pertussis, but is also the least
inhibitory towards nasopharyngeal flora. Cefalexin is the most inhibitory towards
nasopharyngeal flora and is superior to penicillin. For these reasons it is the antibiotic
of choice for selective media in this UK SMI?5.

Primary isolation plates are incubated at 35-37°C, in an aerobic moist atmosphere
maintained for 7 days?*. A thickly poured plate is necessary to avoid desiccation on
prolonged incubation.
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Specimen type

Current recommendation for specimen of choice is nasopharyngeal aspirates or
nasopharyngeal swabs/pernasal swabs®. In addition to sampling for pertussis, it is
recommended that consideration is given to testing the patient for respiratory viruses
according to local procedures.

Blood serum is the specimen used for pertussis serological test.
Cough plates are not recommended.

Pernasal swabs

Dacron and rayon swabs are the swabs of choice for both PCR and
types of synthetic material performed well in studies with neither superior 1o th
other?s.

$

PCR and serology
It should be noted that the implementation of local PCR andﬁ ased diagnosis

of whooping cough, should be validated in the routine clj ing before being
used.

Specimen containers?’-28

UK SMis use the term “CE marked leak p of container” to describe containers
bearing the CE marking used for the c and transport of clinical specimens.
The requirements for specimen contain iven in the EU in vitro Diagnostic
Medical Devices Directive (98/79/EC Annex 1 B 2.1) which states: “The design must

allow easy handling and, where sary, reduce as far as possible contamination
of, and leakage from, the devic se and, in the case of specimen receptacles,
the risk of contamination of th imen. The manufacturlng processes must be

appropriate for these purpo

Public healt ement

Refer to the
England an

/government/collections/pertussis-quidance-data-and-analysis

hps.scot.nhs.uk/immvax/pertussis-whoopingcough.aspx

rn Ireland:

://lwww.publichealth.hscni.net/whooping-cough
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1 Safety considerations?’2

1.1 Specimen collection, transport and storage?’-3243
Use aseptic technique.

Collect specimens in appropriate transport medium in CE marked leak proof
containers and transport in sealed plastic bags.

Compliance with postal, transport and storage regulations is essential.

1.2 Specimen processing?’4?
Containment Level 2.

Laboratory procedures that give rise to infectious aerosols must,be condugted’in a

microbiological safety cabinet®. °*
As a minimum, it is recommended that the processing of any & at may result in
generation of aerosols should be processed in a microbiologigal safety cabinet in

accordance with the relevant risk assessment, ACDP and idelines.
containing hazard group 3 organisms must be u
containment conditions as determined by risk as
Biological agents: managing the risks in |
will normally be under full CL3 conditio
species, Brucella species, Bacillus ant
capsulatum, Coccidiodes immitis, etc.
Refer to current guidance on the safe handling of all organisms documented in this UK
SMI.

The above guidance should be'su mented with local COSHH and risk
assessments.

and healthcare premises?3®. This
isms include Mycobacterium
stomyces dermatitidis, Histoplasma

2 Specim ction

21 Type cimens

Pernasal swe sopharyngeal aspirate, nasopharyngeal swab and/or blood, as
appropri [ test performed.

e.& imal time and method of collection
S considerations refer to Section 1.1.
% specimens before antimicrobial therapy where possible*4.
abs should be collected and transported in medium designed to support the growth
of organisms.

Pernasal swabs

A pernasal swab (Dacron or rayon with flexible ultrafine wire shaft) is inserted through
a nostril and advanced along the floor of the nose until it reaches the nasopharynx. It
has been suggested that the swab is held against the posterior nasopharynx for up to
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30s or until the patient coughs. In practice, it is more likely that a patient will only be
able to tolerate this for a few seconds.

Nasopharyngeal specimens

Sampling of nasopharyngeal secretions in patients with whooping cough may
precipitate a paroxysm of coughing and cause obstruction of the airways.

Resuscitation equipment must be available if whooping cough is suspected. The
specimen collector should avoid exposure to direct coughs from the patient.

Nasopharyngeal exudate may be obtained using a suction catheter (No.8 Fren
inserted through the nose. The exudate is collected in a sterile plastic trap inhich t
specimen is transported to the laboratory, or in a sterile clear plastic univers
container (30mL or 60mL, to BS 5213).

Note: Cough plates are not recommended*>.

Collect specimens other than swabs into appropriate CE markegd leak pro ntainers
and place in sealed plastic bags. Y 3

Unless otherwise stated, swabs for bacterial and fungal cultu & then be placed
in appropriate transport medium#6-%0,

Note that culture can be affected by a number of factorg @ e Brganism is delicate
including delays in processing and specimen quality®’.

2.3 Adequate quantity and appropriat mber of specimens*

Numbers and frequency of specimen cqallfection are dependent on clinical condition of
patient.

3 Specimen transport, stérage and retention?’-?

3.1 Optimal transport torage conditions
For safety considerations re ection 1.1.

Specimens should be d and processed as soon as possible*.

Samples should bg, ret in accordance with The Royal College of Pathologists
guidelines ‘T« nti nd storage of pathological records and specimens’2.

n processing/procedure?’-28

4.& lection
2
N

b

oratory confirmation is conventionally performed by culture and isolation of

ertussis | B. parapertussis from nasopharyngeal aspirate or nasopharyngeal swab/
pernasal swab. Culture has an excellent specificity and is useful for confirming
pertussis diagnosis when an outbreak is suspected.

It is best to obtain a culture from nasopharyngeal specimens collected during the first
2 weeks of cough. This is when viable bacteria are still present in the nasopharynx.
After the first 2 weeks, sensitivity decreases and the risk of false-negatives increases.
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It is important to note that B. pertussis and B. parapertussis are delicate organisms
and therefore, processing delays may affect the likelihood of a positive culture.
Sensitivity is also highly dependent on specimen quality and is affected by increasing
patient age, vaccination status and length of illness.

Cultures are unlikely to be positive in adolescents and adults with more than 3 weeks
of coughing™®.

It is also more difficult to recover the organism in vaccinated compared with
unvaccinated children®3. Given the limitations of culture methods, it is important
emphasise that a negative culture does not exclude pertussis.

o)

4.1.2 PCR

PCR is usually more sensitive than culture as the organism does not

viable; however, PCR is less likely to be positive in patients with sym om uratié
more than 4 weeks. While nasopharyngeal swabs are preferable for

throat swabs may be used if nasopharyngeal swabs are not ax bIe especially in
community settings.

Developments in PCR have enabled the detection of co- |nf the

differentiation of B. pertussis and B. parapertussis from C|es of Bordetella %
59

4.1.3 Serology

Detection of anti-pertussis toxin (PT) IgG and anti-fiflamentous hemagglutinin (FHA)
IgG antibodies in serum taken at least fofirteen dayS)after the onset of cough using an
enzyme linked immunosorbent-assay ( an provide confirmatory evidence of
recent infection with Bordetella species.

Serology may be helpful to confir e diagnosis of whooping cough in patients with
cough duration of more than 2 tq8 weeks, when culture and PCR are unlikely to yield
positive results.

The anti-PT IgG serology te ot, however, be used to determine immunity as
there are currently no orrelates of protection. This serological assay is
targeted towards old ren and adults. Interpretation of anti-PT IgG levels among

infants and youn may be confounded by the presence of maternal
antibodies o prim@ary and booster vaccination, or show an atypical response.
Data suggesis that confounding period following vaccination may be up to 10
months afte @ Imary vaccination and up to 3 years or more after the preschool

< re, serological testing should only be undertaken where there is a
ear from primary or booster dose of pertussis containing vaccine and

Id be interpreted with caution.

9

Appearance

4.3 Sample preparation
For safety considerations refer to Section 1.2.

4.4 Microscopy
N/A
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4.5 Laboratory investigation
4.5.1 Culture media, conditions and organisms

Pernasal and nasopharyngeal swabs

Inoculate each agar plate with the swab (refer to Q 5 - Inoculation of culture media for
bacteriology).

For the isolation of individual colonies, spread inoculum with a sterile loop.

Nasopharyngeal aspirate

With a sterile loop select a representative portion of specimen and inocula
to each agar plate (refer to Q 5 - Inoculation of culture media for bactegielog

F‘.

For the isolation of individual colonies, spread inoculum with a sterile

Clinical Specimen Standard Incubation u s | Target
details/ media r organism(s)
L Temp Atmos Time

conditions °C

Pertussis or | Pernasal swab, Charcoal 35-37 air 4d and B. pertussis

whooping nasopharyngeal blood agar 7d .

cough aspirate, with mh B. parapertussis
nasopharyngeal cefalexin cha
swab

4.5.2 PCR and serology

Follow your local validated and a d PCR, gPCR and serology tests (ELISA or
others).

The following table describ mprehensive approach to some of the PCR targets
used for detecting co-infegti for species identification and differentiation, at the

time of writing ©.

1S481 @ ptxS1° hiS1001 ¢ | pIS1001 ¢
+ + - -
- + - +
+ - + -
and B. paraperussis + + - +
is and B. holmesii + + + -

lion element commonly found in B. pertussis and B. holmesii

ussis toxin subunit S1 found in B. pertussis and B. parapertussis

) Targets present in B. holmesii and B. parapertussis, used in multiplex PCR with 1S481 to detect and differentiate B.

ssis, B. parapertussis and B. holmesii.

(e)” A specimen positive for pIS1001 may be considered to most probably contain B. parapertussis, but the possibility that it is
positive for B. bronchiseptica cannot be totally excluded.

4.6 Identification
Refer to individual UK SMIs for organism identification.

Matrix-assisted laser desorption-ionization time-of-flight mass spectrometry (MALDI-
TOF MS) has been shown to be a rapid and powerful identification tool for cultured
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isolates because of its reproducibility, speed and sensitivity of analysis. The advantage
of MALDI-TOF as compared with other identification methods is that the results of the
analysis are available within a few hours rather than several days®?. Increasingly MALDI-
TOF is being used to identify bacteria (including Bordetella species) in hospital
microbiology laboratories 3. However, there is currently very little scientific information
published on use of MALDI-TOF MS for detection of Bordetella species®. Refer to UK
SMI TP 40 - MALDI TOF MS test procedure.

4.6.1 Minimum level of identification in the laboratory

Bordetella species "species" level

4.7 Antimicrobial susceptibility testing
N/A

4.8 Referral for outbreak investigations 0\
N/A K\

4.9 Referral to reference laboratories

For information on the tests offered, turnaround ti
other requirements of the reference laboratory c
forms.

For the investigation of suspected clusteg8 or outbréaks of pertussis, please contact
the Respiratory and Vaccine Preventa ria Reference Unit (RVPBRU),
Colindale for the most appropriate test.

eference laboratories is available via the
eference microbiology tests and services.

Information regarding specialist a
following website: PHE - speciali

Refer to the PHE guidelines fo
Organisms with unusual cted resistance, and whenever there is a laboratory
or clinical problem, or hat requires elucidation should be sent to the
appropriate referen%tory.

ypriate d ed national reference laboratory for information on the tests
times, transport procedure and any other requirements for

u health management of pertussis.

J//www.hps.scot.nhs.uk/reflab/index.aspx

Northern Ireland
http://www.publichealth.hscni.net/directorate-public-health/health-protection
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5 Reporting procedure/interpretation

5.1 Culture
Negatives

"Bordetella pertussis NOT isolated" or
“‘Bordetella parapertussis NOT isolated”
Positives

"Bordetella pertussis isolated" or
"Bordetella parapertussis isolated".

cough.

5.2 PCR
Suggested reporting for the mentioned targets used in PCR dg& of whooping

1S481 ptxS1 hiS1001 | pIS1001

+ + - - s DNA detected

- + - + arapertussis DNA detected

+ - + - holmesii DNA detected

+ + - B."pertussis and B. parapertussis

DNA detected
+ + + - B. pertussis and B. holmesii DNA
Q detected

5.3 Serology
A case of pertussis is lly confirmed when anti-PT IgG concentration is >70
International Units p ilitre (IlU/mL) in the absence of recent vaccination (within the

past year)®.

A case of para| s Is serologically confirmed when there is significant anti-FHA

S % n increase in anti-PT IgG, IgM, and IgA antibodies. If both anti-
PT IgG and amti-BHA IgG are significantly increase, the results are indicative of
Bordetella species®®.
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6 Notification to PHE®"-®3, or equivalent in the
devolved administrations®-72

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

written notification within seven days.

to notify the case if they identify any evidence of an infection caused

causative agent.

Notification under the Health Protection (Notification) Regulatﬁ s 2010 does not
replace voluntary reporting to PHE. The vast majority of NHS N ies voluntarily
report a wide range of laboratory diagnoses of causative a toPHE and many
PHE Health protection Teams have agreements with IQ ories for urgent

reporting of some infections. This should continue.

Note: The Health Protection Legislation Guidanc
Immunodeficiency Virus (HIV) & Sexually Transm

udes reporting of Human
Infections (STls), Healthcare
disease (CJD) under

https://www.qov.uk/government/organisations/public-health-england/about/our-
governancetthealth-protection-r s-2010
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Appendix: Investigation of whooping cough

Details/clinical condition
All specimens with clinical details of pertussis or
whooping cough

consider testing the patient for respiratory
viruses according to local procedure

A4
Sample type
Nasopharyngeal swab/ pernasal swab/ Nasopharyngeal

aspirate/ or blood serum

y

Cough onset

0-2 weeks 0-4 weeks 2- eeks
Culture PCR rology

A 4

v

A 4

Charcoal blood Refer to table in anti-PT IgG $igniﬂcant .FHA IgG
agar section 5.2 or 70 IU/mL increase without an
with cefalexin N my increase in PT IgG, IgM,
¢ and IgA antibodies
Incubate at A J A 4
35-37°C )
Air, moist chamber B. pertussis B. parapertussis
7d
Read 4d and 7d

B. pertussis
B. parapertussis
Refer to ID 5
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Modified GRADE table used by UK SMIs when assessing references

Grading of Recommendations, Assessment, Development, and Evaluation (GRADE)
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in UK SMis for appraising references for inclusion. Each reference is assessed
allocated a grade for strength of recommendation (A-D) and quality of the undenlying
evidence (I-VI). A summary table which defines the grade is listed below a ould
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acceptance as good practice
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