Type of Specimen

Nose swab
Scope

The examination of the processing and bacteriological investigation of nose swabs.
Introduction

Nasal colonisation with Staphylococcus aureus increases the risk of staphylococcal infections at other sites of the body, such as postoperative wounds and dialysis access sites
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. It is also associated with recurrent skin infections, nosocomial infections in nurseries and hospital wards. S. aureus is a major cause of morbidity and mortality in haemodialysis patients as most patients carry the organism in their anterior nares
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Eradication of nasal carriage of S. aureus may be beneficial in certain clinical conditions such as recurrent furunculosis. Systemic, in addition to topical, treatment is appropriate for nasally colonised patients who have an infection elsewhere. Topical antibacterial agents such as mupirocin and chlorhexidine/neomycin are preferred to systemic formulations when a patient is identified as a carrier5.

Nose swabs may be used to investigate carriage of Lancefield group A streptococcus, and Meticillin Resistant Staphylococcus aureus (MRSA) (B 29 - Investigation of Specimens for Screening for MRSA).

There is no clear evidence regarding the significance of isolating Haemophilus influenzae and Streptococcus pneumoniae from nose swabs as a predictor of involvement in infections such as sinusitis.

Although nose swabs are not the ideal specimen for the examination of nasal discharge, they are sometimes received. Nasal discharge may show the presence of diphtheria. However, nose swabs are not routinely cultured for Corynebacterium diphtheriae. Nasal swabs should not be taken to investigate the presence of Bordetella pertussis6.

Rhinoscleroma, due to infection with Klebsiella rhinoscleromatis, is a rare form of chronic granulomatous nasal infection affecting the nasal passages and sinuses, which can also include the pharynx and larynx7,8. The disease is progressive and manifests itself by tumour-like growths with local extension. Although common in Eastern Europe, Central Africa, Latin America and South East Asia, rhinoscleroma appears to be poor communicability.

Ozaenia (ozena) is a chronic atrophic rhinitis7. The condition can destroy the mucosa and is characterised by a chronic, purulent and often foul-smelling nasal discharge. Klebsiella ozaenae may have an etiological role.

Rhinosporidium seeberi, an aquatic protistan protozoan, producing polypoid masses may affect the nasal mucosa of persons living in India, Sri Lanka, parts of South East Asia, America and parts of Europe, including Eastern Europe
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. Close collaboration between physicians, ENT surgeon, microbiologist and histopathologist is necessary to reach a diagnosis. Superficial swabs are likely to be inadequate; scrapings or biopsy material are most likely to yield the organism (B 19 - Investigation of Sinus Aspirate).

Specimen Containers
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SMIs use the term, “CE marked leak proof container,” to describe containers bearing the CE marking used for the collection and transport of clinical specimens. The requirements for specimen containers are given 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 necessary, reduce as far as possible contamination of, and leakage from, the device during use and, in the case of specimen receptacles, the risk of contamination of the specimen. The manufacturing processes must be appropriate for these purposes.”
1 
Safety Considerations
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1,2,10-24

1.1
Specimen Collection, Transport and Storage
 ADDIN REFMGR.CITE 

1,2,10-13

Use aseptic technique.

Collect swabs into appropriate transport medium and transport in sealed plastic bags.

Compliance with postal, transport and storage regulations is essential.
1.2
Specimen Processing
 ADDIN REFMGR.CITE 

1,2,10-24

Containment Level 2.
Laboratory procedures that give rise to infectious aerosols must be conducted in a microbiological safety cabinet16.

Refer to current guidance on the safe handling of all organisms documented in this SMI.
The above guidance should be supplemented with local COSHH and risk assessments.
2
Specimen Collection

2.1
Type of Specimens

Nose swab
2.2
Optimal Time and Method of Collection
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For safety considerations refer to Section 1.1.

Collect specimens before antimicrobial therapy where possible
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Plain, sterile cotton wool swab. Sample the anterior nares by gently rotating the swab over the mucosal surface.

Unless otherwise stated, swabs for bacterial and fungal culture should be placed in appropriate transport medium
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2.3
Adequate Quantity and Appropriate Number of Specimens
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Numbers and frequency of specimen collection are dependent on clinical condition of patient.
3
Specimen Transport and Storage
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3.1 
Optimal Transport and Storage Conditions

For safety considerations refer to Section 1.1.
Specimens should be transported and processed as soon as possible
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If processing is delayed, refrigeration is preferable to storage at ambient temperature
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4
Specimen Processing/Procedure
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4.5.3
Culture media, conditions and organisms
	Clinical details/

conditions
	Specimen
	Standard media
	Incubation
	Cultures read
	Target organism(s)

	
	
	
	Temp °C
	Atmos
	Time


	
	

	Boils

S. aureus carriage
	Nose swab
	Blood agar
	35-37
	5-10% CO2
	16-24hr
	16hr
	S. aureus

	Lancefield group A streptococcus carriage
	Nose swab
	Blood agar
	35-37
	5-10% CO2
	16-24hr
	16hr
	Lancefield group A streptococcus

	For these situations, add the following:

	Clinical details/

conditions
	Specimen
	Supplementary media
	Incubation
	Cultures read
	Target organism(s)

	
	
	
	Temp °C
	Atmos
	Time
	
	

	Nasal diphtheria
	Nose swab
	Hoyle's tellurite agar
	35-37
	air
	40-48hr
	daily
	C. diphtheriae

	Rhinoscleroma
	Nose swab
	CLED/

MacConkey agar
	35-37
	air
	16-24hr
	16hr
	K. rhinoscleromatis

	Other organisms for consideration - MRSA (B 29 - Investigation of Specimens for Screening for MRSA)


Reporting Procedure

5.1
Microscopy

N/A
5.2
Culture

Report presence or absence of specific pathogens, also report results of supplementary investigations:

Negatives

"Staphylococcus aureus NOT isolated."

"Lancefield group A streptococcus NOT isolated."

Positives

"Staphylococcus aureus isolated."
"Lancefield group A streptococcus isolated."
Also, report results of supplementary investigations.

5.2.1
Culture reporting time

Written report: 16–72hr stating, if appropriate, that a further report will be issued

5.3
Antimicrobial Susceptibility Testing

Report susceptibilities as clinically indicated. Prudent use of antimicrobials according to local and national protocols is recommended.
Investigation of Mouth Swabs
 Introduction

Candidosis

Candidosis is the most frequent type of oral infection. Infection of the buccal mucosa, tongue or oropharynx is usually due to Candida albicans. Species of yeast other than C. albicans, such as Candida krusei and Candida glabrata, can also occasionally colonise the mouth but are rarely associated with infection. However, they are becoming increasingly important, particularly in patients who are immunocompromised
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Cancrum oris (Noma or Gangrenous Stomatitis)

Cancrum oris (noma or gangrenous stomatitis) is a necrotising polymicrobic infection, rarely seen in the UK, arising in the severely debilitated and malnourished, with children most often affected particularly in Africa5,6. It is usually preceded by ulcerative (Vincent’s) gingivitis
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. Vincent's gingivitis is diagnosed by microscopy, and the appearance of a fusospirochaetal complex is pathognomonic for the disease8.

Sialadenitis 

Sialadenitis, or infections of the salivary glands (parotid, submandibular, sublingual and accessory parotid), include suppurative, chronic bacterial and viral parotitis5.
Parotitis

Parotitis may result in pus exuding from the parotid glands, which is sampled via the mouth5. The predominant organisms causing suppurative parotitis are staphylococci, but members of the enterobacteriaceae and other Gram negative bacilli, viridans streptococci and anaerobes have been isolated. Chronic bacterial parotitis is due to staphylococci, or mixed oral aerobes and anaerobes. Mumps, influenza and enteroviruses are the usual viral agents of parotitis.

Other infective causes of oral ulceration include syphilis, herpes simplex virus and Mycobacterium species. Fungi may attack the sinuses and encroach on the palate, eg Aspergillus species. Infection with Histoplasma can lead to ulceration of oral mucosa9.

Specimens which may be submitted for the investigation of dental abscesses include pus (refer to B 14 - Investigation of Abscesses and Deep-Seated Wound Infections).

Specimen Containers
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SMIs use the term, “CE marked leak proof container,” to describe containers bearing the CE marking used for the collection and transport of clinical specimens. The requirements for specimen containers are given 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 necessary, reduce as far as possible contamination of, and leakage from, the device during use and, in the case of specimen receptacles, the risk of contamination of the specimen. The manufacturing processes must be appropriate for these purposes.”

1 
Safety Considerations
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1,2,10-24

1.1
Specimen Collection, Transport and Storage
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1,2,10-13

Use aseptic technique.

Collect swabs into appropriate transport medium and transport in sealed plastic bags.

Compliance with postal and transport regulations is essential. 

1.2
Specimen Processing
 ADDIN REFMGR.CITE 

1,2,10-24

Containment Level 2.
Laboratory procedures that give rise to infectious aerosols must be conducted in a microbiological safety cabinet16.

Refer to current guidance on the safe handling of all organisms documented in this SMI.
The above guidance should be supplemented with local COSHH and risk assessments.
2
Specimen Collection

2.1
Type of Specimens

Mouth swab

Sample pus if present, otherwise sample any lesions or inflamed areas. A tongue depressor or spatula may be helpful to aid vision and avoid contamination from other parts of the mouth.
2.2
Optimal Time and Method of Collection
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For safety considerations refer to Section 1.1.

Collect specimens before antimicrobial therapy where possible
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.
Unless otherwise stated, swabs for bacterial and fungal culture should be placed in appropriate transport medium
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2.3
Adequate Quantity and Appropriate Number of Specimens
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Numbers and frequency of specimen collection are dependent on clinical condition of patient.
3
Specimen Transport and Storage
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3.1 
Optimal Transport and Storage Conditions

For safety considerations refer to Section 1.1. 
Specimens should be transported and processed as soon as possible
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If processing is delayed, refrigeration is preferable to storage at ambient temperature
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4
Specimen Processing
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For the isolation of individual colonies, spread inoculum with a sterile loop.

4.5.3
Culture media, conditions and organisms for all specimens: 

	Clinical details/

conditions
	
	Standard media
	Incubation
	Cultures read
	Target organism(s)

	
	Specimen
	
	Temp °C
	Atmos
	Time


	
	

	Oral candidosis

Fungal infection
	Mouth swabs
	Sabouraud agar
	35-37
	air
	40-48hr
	(40hr*
	Yeasts

Fungi

	For this situation, add the following:

	Clinical details/

conditions
	
	Supplementary media
	Incubation
	Cultures read
	Target organism(s)

	
	Specimen
	
	Temp °C
	Atmos
	Time
	
	

	Mouth ulcer
	Mouth swabs
	Blood agar
	35-37
	5-10% CO2
	16-24hr
	(16hr
	Lancefield group A streptococcus

S. aureus


*Fungal culture may need to be prolonged if clinically indicated; in such cases plates should be read at (40hr and then left in the incubator/cabinet until required.

4.6.1
Minimum level in the laboratory

	Lancefield group A streptococcus
	Lancefield group level

	S. aureus
	species level

	Yeasts
	"yeasts" level


Reporting Procedure

5.1
Microscopy

Stain for Vincent's organisms: report on Vincent's organisms detected.

5.1.1
Microscopy reporting time

Urgent microscopy results to be telephoned or sent electronically.

Written report, 16–72hr for Vincent's organisms.

5.2
Culture

Report clinically significant organisms isolated or
Report other growth, eg: “Mixed upper respiratory tract flora,” or
Report absence of growth.

5.2.1
Culture reporting time

Clinically urgent culture results to be telephoned or sent electronically.

Written report, 16–72hr stating, if appropriate, that a further report will be issued.

5.3
Antimicrobial Susceptibility Testing

Report susceptibilities as clinically indicated. Prudent use of antimicrobials according to local and national protocols is recommended.
Throat Swab
Scope
Introduction

Pharyngitis

The commonest cause of bacterial pharyngitis is the Lancefield group A, Streptococcus pyogenes. Healthy carriers of group A streptococci are usually children, in whom rates of up to 20% have been reported, but rates are much lower in adults. In these individuals, isolation of the Lancefield group A streptococcus does not necessarily imply a role in infection.

Extrapharyngeal manifestations of Lancefield group A streptococcus infection can be divided into those associated with acute infection and the non-suppurative post-streptococcal sequelae, such as acute rheumatic fever and glomerulonephritis, which occur two to three weeks after pharyngeal infection1. In acute infection, bacteraemia and streptococcal toxic shock may occur. Post-streptococcal sequelae appear to be limited to a circumscribed set of serotypes2.

The isolation rate of Lancefield group A streptococci may be increased by incubating culture plates for 40-48hr3.

Lancefield group C streptococci have been reported as a cause of pharyngitis4. The majority of the species, however, are zoonotic and rarely cause disease in humans, these include Streptoccocus equi subspecies zooepidemicus, Streptococcus equi subspecies equi and Streptococcus dysgalactiae subspecies dysgalactiae. The beta-haemolytic group C streptococci which infect humans include the large colony form Streptococcus dysgalactiae subspecies equisimilis and the minute colony form or Streptococcus anginosus group (formerly the S. milleri group); which includes Streptococcus constellatus subspecies pharyngis and Streptococcus anginosus. These organisms are very rarely implicated in bacterial pharyngitis, and may express A, C, F or G Lancefield group antigens. The Lancefield group G streptococci are known to cause pharyngitis and are subdivided into the "large colony" form (which comprises the animal species Streptococcus canis and the human species Streptococcus dysgalactiae subspecies equisimilis, which is the only recognised causative agent of pharyngitis within the group) and the "minute colony" form           (S. anginosus)5.

Most of the evidence for Lancefield groups C and G streptococci causing pharyngitis comes from reports of outbreaks
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Diphtheria

Diphtheria is an acute infectious disease of the upper respiratory tract and, occasionally, the skin. It is caused by toxigenic strains of Corynebacterium diphtheriae (of which there are four biotypes - gravis, mitis, intermedius and belfanti) and some toxigenic strains of Corynebacterium ulcerans and pseudotuberculosis
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. All can carry the phage-borne diphtheria toxin gene. In a fully developed case of diphtheria, this toxin damages the pharyngeal epithelium to produce a leathery membrane, giving the disease its name. This membrane may occlude the airway, sometimes causing death by respiratory obstruction. Systemic absorption by the host of the toxin from the primary site of replication may damage a wide range of cells, including those of the heart and nervous system. Myocarditis and neurological dysfunction may cause or contribute to disability or death.

Mild cases of the disease resemble streptococcal pharyngitis and the classic pseudomembrane of the pharynx may be lacking. It is thought that C. diphtheriae has additional virulence factors because invasive disease caused by non-toxigenic strains has been reported
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11,12
. Non-toxigenic strains of C. diphtheriae may be encountered in clinical specimens, especially those taken from persons previously immunised against diphtheria toxin. Although toxigenic C. ulcerans generally causes mild pharyngitis without any associated sequelae, at least as many cases of clinical diphtheria are now caused by C. ulcerans as by C. diphtheriae in England and Wales. There is no direct evidence of person-to-person transmission of C. ulcerans, but it is thought that this may occur. However, molecular studies have indicated that domestic animals may be a more likely source of infection
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.
The pathogenic mechanism is unclear. However, as a consequence of the genome sequence being published, genes encoding adhesins, fimbriae and other products have now been identified and are thought to contribute towards pathogenicity
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Non-toxigenic strains in pharyngeal flora have the potential to undergo lysogenic conversion to toxin production in vivo, which may lead to disease17.

In the 1990s there was an increase in the incidence of diphtheria in the former Soviet States, although the situation is now improving
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18
. Diphtheria cases have continued to be reported from every WHO Region, especially the higher risk regions, eg Africa, South-East Asia and South America. In a susceptible population the introduction of a toxigenic strain can result in direct spread by droplet infection. Mass immunisation has resulted in the virtual disappearance of toxigenic C. diphtheriae from the United Kingdom, but it might not have affected the carriage of non-toxigenic strains.

Criteria for screening throat swabs for C. diphtheriae
There are specific clinical associations and exposures which, if reported on request forms, should trigger examination of specimens for C. diphtheriae or C. ulcerans. These are based on recognised risk factors and information from enhanced diphtheria surveillance. Therefore this SMI recommends screening for Corynebacterium species in the following circumstances:

Throat or nose swabs from a patient with one or more of the following risk factors reported:

· Membranous or pseudomembranous pharyngitis/tonsillitis
· Travel overseas (especially the former Soviet States, Africa, South America and South-East Asia) within the last 10 days
· Recent contact with someone who has travelled overseas recently (especially the former Soviet States, Africa, South America and South-East Asia)*
· Recent consumption of raw milk products (C. ulcerans)
· Recent contact with farms/farm animals or domestic animals (C. ulcerans)
· The patient works in a clinical microbiology laboratory, or similar, where Corynebacterium species may be handled
* Travel or contact with travellers in the past 10 days is most likely to be relevant to the risk of diphtheria.

It is recommended that those laboratories with a specific public health remit, such as Public Health England laboratories, continue to screen all throat swabs for Corynebacterium species: this ensures that surveillance of the disease continues and appropriate public health action is taken (refer to P 3 - Recommendations for the Screening of Specimens for Corynebacterium species).

Epiglottitis

Most cases of epiglottitis in young children under the age of five used to be caused by Haemophilus influenzae type b19. Since the introduction of H. influenzae type b (Hib) vaccine in October 1992, a decline in the number of cases of acute epiglottitis in children has occurred, although a minor resurgence of cases was seen in the early part of the 21st century. Epiglottitis in adults is unusual, and the numbers have been largely unaffected by the vaccination programme, in keeping with the more diverse range of causative organisms
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H. influenzae type b should still be considered when treating epiglottitis, even in immunised children. Acute epiglottitis in young children is a rapidly progressive cellulitis of the epiglottis and surrounding tissues, and may result in complete airways obstruction. Because trauma from the swab may precipitate obstruction, throat swabs are contraindicated in cases of suspected acute epiglottitis. Blood cultures should be taken in all cases of suspected epiglottitis.

Treatment of H. influenzae type b invasive disease may not eliminate pharyngeal carriage of the organism. Failure to eradicate upper airway colonisation may impose a risk to the patient and to individuals susceptible to contagion.

Throat swabs to determine upper airway colonisation with H. influenzae type b are usually only taken for epidemiological studies.

Vincent’s Angina

Borrelia vincentii and Fusobacterium species are associated with the infection known as Vincent's angina. It is characterised by ulceration of the pharynx or gums, and occurs in adults with poor mouth hygiene or serious systemic disease.

Other Causes of Pharyngitis

Non-toxigenic C. diphtheriae
Non-toxigenic C. diphtheriae can be a cause of sore throat, but does not cause a true diphtheritic membrane, or symptoms attributable to systemic absorption of toxin. On re-introduction of the necessary gene, these organisms may, however, express toxin production. There is a suggestion that particular clones of non-toxigenic C. diphtheriae may be especially virulent in members of the former Soviet States
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21,22
. Occasionally, humans will develop invasive infections with non-toxigenic strains of C. diphtheriae. These conditions appear to be rare, and will be detected by blood culture rather than by culture of throat or nasopharyngeal swabs.

Arcanobacterium haemolyticum (previously Corynebacterium haemolyticum)

Although Arcanobacterium haemolyticum is recognised as a human pathogen, this SMI does not recommend routine investigation for the organism. It has been associated with tonsillitis, pharyngitis and may cause a rash in young adults and, occasionally, in children
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22,23
. It is suggested that in cases of treatment failure and recurrent tonsillitis, isolation of A. haemolyticum should be considered.
After 48hr incubation on blood agar, A. haemolyticum colonies exhibit narrow zones of ß-haemolysis and are approximately 0.5mm in diameter. In cases where 
A. haemolyticum is suspected, incubation of culture plates may need to be extended up to 72hr. The organism's presence may be indicated by the pitting of the agar underneath the colony; when the colony is pushed aside a minute dark pit is revealed
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Fungal throat and pharyngeal infections

These infections are common in patients who are immunocompromised, particularly during episodes of severe neutropenia. Patients receiving antibiotics are also prone to fungal infections. Candida species may rarely cause severe invasive oesophagitis which can result in desquamation and expulsion of tissue25. Recognition of oropharyngeal candidosis accompanied by dysphagia indicate the possibility of esophageal candidosis and this may be an AIDS-defining illness
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26,27
. Yeast and fungal isolates from patients who are immunocopromised usually require identification and susceptibility testing.

Fusobacterium necrophorum

Acute pharyngitis and fever, sometimes accompanied by membranous tonsillitis, antibiotic is characteristic of the onset of infection caused by Fusobacterium necrophorum28. In the absence of therapy, a small number of these patients may develop the bacteraemia and metastatic infection characteristic of Lemièrre’s disease, which can be life threatening.

Fusobacterium necrophorum has been isolated in cases of recurrent or persistent sore throat, and is a common cause of peritonsillar abscess or quinsy
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. It is believed that up to half a million patients may present with pharyngitis due to this organism annually
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. The related literature, however, also suggests that the organism may form a minor part of the normal microflora of the upper airways in some individuals, although it has proven to be difficult to obtain primary evidence for this
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Neisseria gonorrhoeae

Pharyngeal specimens contain a variety of microorganisms, including saprophytic Neisseria species. Identification of Neisseria gonorrhoeae from extragenital sites such as the oropharynx must be carefully performed and checked; as a positive result can have important clinical and medico-legal implications (refer to ID 6 – Identification of Neisseria species). Pharyngeal colonisation may be found in patients with genital gonorrhoea, but the pharynx is rarely the only infected site32.
Neisseria meningitidis

Neisseria meningitidis can be spread from carrier to carrier, probably via the oral-respiratory route. A susceptible person is at risk when close contacts such as family members are identified as carriers33.

Throat swabs may be an aid to diagnosis of meningococcal meningitis34. 
N. meningitidis can be isolated from a throat swab in about half the cases of invasive meningococcal disease (refer to B 51 - Screening for Meningococci). The strain isolated from the throat is likely to be of the same group and type as that isolated from cerebrospinal fluid and blood33. However, other reports have described throat swabs from contacts as having no value as an aid to diagnosis because the strains from contacts are often different from those isolated from index cases
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Staphylococcus aureus

Throat swabs may be used to investigate carriage of Staphylococcus aureus, for example in pre-operative cardiac patients.

Throat swabs are also used to screen for carriage of Meticillin Resistant Staphylococcus aureus (MRSA) refer to B 29 - Investigation of Specimens for Screening for MRSA
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Screening of neonates

Surveillance screening of neonates may include a throat swab.

Technical Information/Limitations
Limitations of UK SMIs

The recommendations made in UK SMIs are based on evidence (eg sensitivity and specificity) where available, expert opinion and pragmatism, with consideration also being given to available resources. Laboratories should take account of local requirements and undertake additional investigations where appropriate. Prior to use, laboratories should ensure that all commercial and in-house tests have been validated and are fit for purpose.

Specimen Containers
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SMIs use the term, “CE marked leak proof container,” to describe containers bearing the CE marking used for the collection and transport of clinical specimens. The requirements for specimen containers are given 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 necessary, reduce as far as possible contamination of, and leakage from, the device during use and, in the case of specimen receptacles, the risk of contamination of the specimen. The manufacturing processes must be appropriate for these purposes.”

1 
Safety Considerations
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1.1
Specimen Collection, Transport and Storage
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Use aseptic technique.

Collect swabs into appropriate transport medium and transport in sealed plastic bags.
Compliance with postal, transport and storage regulations is essential.
1.2
Specimen Processing
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Containment Level 2.

Laboratory procedures that give rise to infectious aerosols must be conducted in a microbiological safety cabinet47.

The processing of most diagnostic work can be carried out at Containment Level 2 unless infection with a) C. diphtheriae / C. ulcerans or b) N. meningitidis is suspected.

a) Although C. diphtheriae / C. ulcerans is in Hazard group 2, suspected and known isolates of C. diphtheriae / C. ulcerans should always be handled in a microbiological safety cabinet. Sometimes the nature of the work may dictate that full containment level 3 conditions should be used, eg for the propagation of C. diphtheriae /C. ulcerans in order to comply with COSHH 2004 Schedule 3 (4e). For the urease test a urea slope is considered safer than a liquid medium.

b) Although N. meningitidis is in Hazard group 2, suspected and known isolates of N. meningitidis should always be handled in a microbiological safety cabinet. Sometimes the nature of the work may dictate that full Containment Level 3 conditions should be used, eg for the propagation of N. meningitidis in order to comply with COSHH 2004 Schedule 3 (4e).
Refer to current guidance on the safe handling of all organisms documented in this SMI.

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

Note: C. diphtheriae / C. ulcerans causes severe and sometimes fatal disease. Laboratory acquired infections have been reported
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. The organism infects primarily by the respiratory route. Vaccination against diphtheria is available; guidance is given in the Public Health England immunisation policy. 

N. meningitidis causes severe and sometimes fatal disease. Laboratory acquired infections have been reported. The organism infects primarily by the respiratory route. An effective vaccine is available for some meningococcal groups.
2
Specimen Collection

2.1
Type of Specimens

Throat swab 

2.2
Optimal Time and Method of Collection
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For safety considerations refer to Section 1.1.

Collect specimens before antimicrobial therapy where possible
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Throat swab taken from the tonsillar area and/or posterior pharynx, should be taken avoiding the tongue and uvula.
Unless otherwise stated, swabs for bacterial and fungal culture should be placed in appropriate transport medium
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Ideally, inoculation of specimens for N. gonorrhoeae should be made directly on to culture media at the time of collection and these should be incubated without delay. Transport time should be as short as possible62.
2.3
Adequate Quantity and Appropriate Number of Specimens
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Numbers and frequency of specimen collection are dependent on clinical condition of patient.
3
Specimen Transport and Storage
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3.1 
Optimal Transport and Storage Conditions

For safety considerations refer to Section 1.1.
Specimens should be transported and processed as soon as possible
 ADDIN REFMGR.CITE 

56
.
If processing is delayed, refrigeration is preferable to storage at ambient temperature
 ADDIN REFMGR.CITE 

56
. 

4
Specimen Processing/Procedure
 ADDIN REFMGR.CITE 

39,40

4.5.3
Culture media, conditions and organisms
 ADDIN REFMGR.CITE 

10,63,64

Refer to individual SMIs for organism identification. 
	Clinical details/

Conditions
	Specimen
	Standard media
	Incubation
	Cultures read
	Target organism(s)

	
	
	
	Temp °C
	Atmos
	Time
	
	

	Sore throat

Pharyngitis

Tonsillitis
	Throat swab
	Blood agar*
	35-37
	anaerobic
	40-48hr


	48hr
	Lancefield group A,C and G streptococci

	For these situations, add the following:

	Clinical details/

Conditions
	Specimen
	Supplementary media
	Incubation
	Cultures read
	Target organism(s)

	
	
	
	Temp °C
	Atmos
	Time
	
	

	Membrane formation or membranous pharyngitis/tonsillitis

Foreign travel
	Throat swab
	Hoyle's tellurite agar
	35-37
	air
	24-48hr
	daily
	Toxigenic 

C. diphtheriae and

C. ulcerans

	S. aureus carriage
	Throat swab
	Blood agar*
	35-37
	5-10% CO2
	16-24hr
	16hr
	S. aureus

	GUM clinic, 

gonorrhoea,

N. meningitidis case or contact
	Throat swab
	GC selective agar
	35-37
	5-10% CO2
	40-48hr
	40hr
	N. gonorrhoeae
N. meningitidis

	Tonsillitis, treatment failure, pharyngitis, and rash
	Throat swab
	Blood agar
	35-37
	5-10% CO2
	40-48hr**
	48hr
	A. haemolyticum

	Epiglottitis
	Throat swab
	Chocolate agar
	35-37
	5-10% CO2
	40-48hr
	daily
	H. influenzae

	Diabetes

Immunosuppressed

oral candidosis
	Throat swab
	Sabouraud agar
	35-37
	air
	40-48hr
	≥40hr
	Yeasts

	Clinical details/

Conditions
	Specimen
	Optional media
	Incubation
	Cultures read
	Target organism(s)

	
	
	
	Temp °C
	Atmos
	Time
	
	

	Persistent sore throat or Quinsy
	Throat swab
	Fastidious Anaerobic Agar (FAA) containing nalidixic acid and vancomycin
	35-37
	anaerobic 
	5-7 d
	48hr
	F. necrophorum30

	Other organisms for consideration – MRSA (B 29 - Investigation of Specimens for Screening for MRSA) and non-toxigenic C. diphtheriae

	*Staphylococcus/streptococcus selective agars may be used for Lancefield group streptococci.

**May be extended to 72hr.

‡-For appearance of relevant target organism see individual SMIs for organism identification.


4.6.1
Minimum level of identification in the laboratory

	C. diphtheriae
	species level; urgent toxigenicity test/refer to Ref Lab

	C. ulcerans
	species level; urgent toxigenicity test/refer to Ref Lab

	H. influenzae
	species level; type b or not

	( haemolytic streptococci
	Lancefield group level

	A. haemolyticum
	species level

	N. gonorrhoeae
	species level

	N. meningitidis
	species level

	S. aureus
	species level

	Yeasts
	"yeasts" level

	Anaerobes
	species level


Organisms may be further identified if this is clinically or epidemiologically indicated.
4.7
Antimicrobial Susceptibility Testing

Refer to British Society for Antimicrobial Chemotherapy (BSAC) and/or EUCAST guidelines. 
5
Reporting Procedure

5.1
Microscopy

Stain for Vincent's organisms: report on Vincent's organisms detected.

5.1.1
Microscopy reporting time

16–24hr for Vincent's organisms.

5.2
Culture

Negatives

"(-haemolytic streptococci of Lancefield groups A, C and G not isolated."
"Corynebacterium diphtheriae not isolated."
Also, report results of supplementary investigations.

Positives

Report clinically significant organisms isolated.

5.2.1
Culture reporting time

Clinically urgent culture results to be telephoned or sent electronically.

Written report, 16–72hr stating, if appropriate, that a further report will be issued.

Supplementary investigations, toxigenicity testing of C. diphtheriae.
5.3
Antimicrobial Susceptibility Testing

Report susceptibilities as clinically indicated. Prudent use of antimicrobials according to local and national protocols is recommended.
Investigation of Throat Swabs 
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* Staphylococcus/streptococcus selective agars may be used for Lancefield group streptococci
Investigation of Sinus Aspirate
Type of Specimen

Antral washout, sinus aspirate, sinus washout

Introduction

Sinusitis

Sinusitis usually refers to an infection of one or more of the paranasal sinuses; maxillary, ethmoid, frontal and sphenoid and is most often caused by organisms from the upper respiratory tract3. Factors that predispose an individual to sinusitis include impaired mucociliary function, obstruction of the sinus entrance (eg by nasotracheal intubation or by mucosal oedema as a result of viral infection) and defects in the immune system. The sinus cavities are usually sterile, or may contain small numbers of bacteria that are continuously removed by the mucociliary system
 ADDIN REFMGR.CITE 

4
. Specimens should be obtained by careful aspiration of the sinus cavity, avoiding contamination by upper respiratory tract flora and will be collected by an ear, nose and throat surgeon.

Acute Sinusitis3
Acute sinusitis can be community or nosocomially acquired. The aetiology of community acquired infections can be viral, bacterial, mixed (viral and bacterial), or occasionally fungal. Nosocomial infections are usually bacterial, but can occasionally be viral. In some cases, which are not due to an infection, the condition may have an allergic or toxic origin. Patients who are immuno-compromised are also susceptible to acute sinusitis.

Viruses

Viral upper respiratory tract infection is an important cause of acute sinusitis. Viruses such as rhinoviruses, influenza virus, parainfluenza virus and adenovirus may cause infection (see G 8 - Respiratory Viruses).

Acute Community Acquired Sinusitis

The most common bacteria isolated from cases of acute community acquired sinusitis are Streptococcus pneumoniae and non-encapsulated Haemophilus influenzae. Other organisms isolated are streptococci of the ‘anginosus’ group (Streptococcus anginosus, Streptococcus constellatus and Streptococcus intermedius), group A streptococcus, other α-haemolytic streptococci, Staphylococcus aureus, Moraxella catarrhalis (which is more prevalent in children than adults) and anaerobic bacteria (which are infrequent in children)
 ADDIN REFMGR.CITE 

4-6
.

Occasionally, fungi are a cause of community acquired sinusitis, particularly in tropical and subtropical regions.

Nosocomial Sinusitis

Nosocomial sinusitis can occur after head trauma, and prolonged nasotracheal or naso-gastric intubation
 ADDIN REFMGR.CITE 

7,8
. Other patients at risk of nosocomial sinusitis include those with neutropenia, diabetic ketoacidosis and those treated with corticosteroids or broad-spectrum antibiotics
 ADDIN REFMGR.CITE 

9-11
.

The most common bacterial isolates in nosocomial sinusitis are S. aureus, Pseudomonas aeruginosa, Serratia marcecens, Klebsiella pneumoniae, Enterobacter species and Proteus mirabilis. The condition is often polymicrobial
 ADDIN REFMGR.CITE 

3,9,11
.

In patients who are immuno-suppressed, HIV positive, or in those patients with a chronic infection, Pseudomonas aeruginosa can be a cause of sinusitis.

Fungal infections are usually due to filamentous fungi. Probably the most common causes are Aspergillus species (especially Aspergillus flavus), Rhizopus and Mucor species. Several other species have been implicated, including Sporothrix schenkii and Scedosporium apiospermum (previously known as Pseudallescheria boydii)
 ADDIN REFMGR.CITE 

3,12,13
. Candida species and Cryptococcus neoformans are also causes of infection in patients who are immunocompromised.

In patients who are immunocompromised and hospitalised, filamentous fungi may cause life-threatening infections. Fungal sinusitis in such individuals is usually locally invasive. Bone marrow transplant recipients and patients with neutropenia are at risk of invasive sinusitis caused by Aspergillus species. Patients with diabetic ketoacidosis or prolonged neutropenia are at particular risk of rhinocerebral mucormycosis, most commonly caused by Rhizopus species (although other fungi are sometimes implicated). Infection spreads directly from the involved sinuses and is to be regarded as a medical emergency. Aggressive surgical debridement is often required in addition to systematic antifungal therapy and treatment of the underlying cause.

Close collaboration among physicians, ENT surgeon, microbiologists and histopathologists is necessary to reach a diagnosis. Superficial swabs are likely to be inadequate; scrapings or biopsy materials are most likely to yield the diagnosis.

Chronic Sinusitis3
Chronic sinusitis can be classified as pre- or post-surgical, and may be a feature of some congenital immunodeficiency syndromes and disorders of mucociliary function; although most patients do not have these conditions. Sinus outflow obstruction, eg by nasal polyps, can also lead to chronic sinusitis. Chronic conditions can persist in some patients who have undergone unsuccessful surgery. Organisms isolated include 
S. pneumoniae, H. influenzae, streptococci of the ‘anginosus’ group, M. catarrhalis, 
S. aureus, Pseudomonas species, and anaerobic organisms including Peptostreptococcus species, Propionibacterium species, Fusobacterium species and Prevotella sp and other anaerobic Gram negative bacteria
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.

S. aureus and anaerobes are recovered from children with severe sinus symptoms requiring surgical intervention, or with protracted sinusitis (lasting over one year)14. Complications can be life-threatening. The most common complication is orbital infection. Intracranial infections are less common, but may cause significant morbidity and mortality. S. aureus and anaerobes are the predominant isolates from such cases14. Another rare complication is osteomyelitis (see B 42 - Investigation of Bone and Soft Tissue Associated with Osteomyelitis), usually staphylococcal, involving the frontal bone (Pott’s puffy tumour).

Subdural or extradural empyema secondary to sinusitis is called ‘sinusitis-induced’ empyema and occurs in older children15. The most frequently isolated organisms are streptococci of the ‘anginosus’ group.

Chronic fungal sinusitis in apparently normal hosts is probably more common in the UK than is supposed, and a variety of saprophytic fungi have been isolated. Infection may take the form of a fungus ball in the sinus, allergic fungal sinusitis or, rarely, locally invasive infection which may be confused with Wegener’s granulomatosis or squamous cell carcinoma. Examination of tissue, rather than pus, is important in fungal sinusitis. Close co-operation among the surgeon, microbiologist and histopathologist is also necessary. Community-acquired chronic fungal sinusitis is a relatively common problem in some tropical and subtropical countries, eg in Africa and India, and imported cases may be encountered. The commonest cause overall is 
A. flavus. In some instances invasive disease will develop.

Members of the Zygomycotina are also capable of causing this condition, eg members of the Mucoraceae, and some of the Entomophthorales
 ADDIN REFMGR.CITE 

12,16
. Rhinoentomophthoromycosis (entomophthoromycosis conidiobolae) is a fairly distinct entity caused by Conidiobolus coronatus. It affects not only the sinuses, but also the subcutaneous tissues of the nose and face, and the nasal mucosa. It is found particularly in Africa, especially Nigeria. It is also reported from the Caribbean and South America.

Rhinosporidium seeberi, thought to be a non-culturable protist that is only identified through histology, may affect the nasal mucosa of persons living in India, Sri Lanka, parts of South-East Asia, America and parts of Eastern Europe, producing polypoid masses
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. Again, examination of biopsy material, in collaboration with the histopathologist will be necessary to establish the diagnosis.

Of the exotic systemic mycoses, the Hazard Group 3 organism Paracoccidiodes brasiliensis (causing paracoccidiodomycosis) is perhaps the one most regularly associated with disease affecting the upper aerodigestive tract, including the mouth and nose. The condition is reported from Mexico and South America. In a patient presenting with paracoccidiodomycosis of this kind, mucocutaneous leishmaniasis would be an important differential diagnosis.

Other Organisms

Although Chlamydia pneumoniae has been isolated from patients suffering from respiratory illness, including sinusitis, its role remains unclear.

Specimen Containers
 ADDIN REFMGR.CITE 

1,2

SMIs use the term, “CE marked leak proof container,” to describe containers bearing the CE marking used for the collection and transport of clinical specimens. The requirements for specimen containers are given 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 necessary, reduce as far as possible contamination of, and leakage from, the device during use and, in the case of specimen receptacles, the risk of contamination of the specimen. The manufacturing processes must be appropriate for these purposes.”

1 
Safety Considerations
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1,2,18-32

1.1
Specimen Collection, Transport and Storage
 ADDIN REFMGR.CITE 

1,2,18-21

Use aseptic technique.

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

Compliance with postal, transport and storage regulations is essential.

1.2
Specimen Processing
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The processing of most diagnostic work can be carried out at Containment Level 2. 

Where Hazard Group 3 organisms (eg Paracoccoides brasiliensis) are suspected, all specimens must be processed in a microbiological safety cabinet under full Containment Level 3 conditions. Sealed containers such as screw-capped bottles should be used for culture. Plates are not suitable.

Laboratory procedures that give rise to infectious aerosols must be conducted in a microbiological safety cabinet24.

Centrifugation must be carried out in sealed buckets which are subsequently opened in a microbiological safety cabinet.

Specimen containers must also be placed in a suitable holder.

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

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

2
Specimen Collection

2.1
Type of Specimens

Antral washout, sinus aspirate and sinus washout
2.2
Optimal Time and Method of Collection
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For safety considerations refer to Section 1.1.
The specimen will be collected by a specialist ENT surgeon.

Collect specimens before antimicrobial therapy where possible
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Collect specimens into appropriate CE marked leak proof containers and place in sealed plastic bags. 

2.3
Adequate Quantity and Appropriate Number of Specimens
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Ideally, a minimum volume of 1mL. 
The volume of specimen influences the transport time that is acceptable. Large volumes of purulent material maintain the viability of anaerobes for longer.

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

3
Specimen Transport and Storage
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3.1 
Optimal Transport and Storage Conditions

For safety considerations refer to Section 1.1.

Specimens should be transported and processed as soon as possible
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.

If processing is delayed, refrigeration is preferable to storage at ambient temperature
 ADDIN REFMGR.CITE 
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. 
The recovery of anaerobes in particular is compromised if the transport time is delayed.

4
Specimen Processing/Procedure
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4.1
Test Selection

Divide specimen on receipt for virology and bacteriology depending on clinical details.

4.2
Appearance

N/A

4.3.1 Standard

Non-mucoid sinus or antral washouts are processed as follows:

· centrifuge specimen (for antral washouts), unless very mucoid, at 1200 x g for 10min

· discard most of the supernatant, leaving approximately 0.5ml

· resuspend the centrifuged deposit in the remaining fluid

Mucoid specimens are processed by digestion as follows:

· add equal volume of a 0.1% solution of N-acetyl cysteine to specimen

· agitate gently for approximately 10sec
· incubation at 35-37°C for 15min, followed by gentle agitation for approximately 15sec will assist homogenisation

· inoculate plates
4.3.2 Supplementary
N/A
4.4
Microscopy

See TP 39 - Staining Procedures. 
4.4.1
Standard

For mucoid specimens

Using a sterile loop, select the most purulent or blood-stained portion of specimen and make a thin smear on a clean microscope slide for Gram staining.

For non-mucoid specimens

Using a sterile pipette place one drop of centrifuged deposit (see Section 4.3.1) or neat specimen on to a clean microscope slide. Spread this with a sterile loop to make a thin smear for Gram staining.

4.4.2
Supplementary 

Using a sterile pipette place one drop of centrifuged deposit (see Section 4.3.1) or neat specimen on a clean microscope slide.

Add one drop of 20% KOH and place a coverslip on top.

Examine at x10 magnification using calcoflour white or blankofluor white staining for fungal hyphae (see TP 39 – Staining Procedures).

4.5
Culture and Investigation 

Using a sterile loop inoculate each agar plate with centrifuged deposit (see Q 5 - Inoculation of Culture Media for Bacteriology).
For the isolation of individual colonies, spread inoculum using a sterile loop.
4.5.1
Culture media, conditions and organisms
	Clinical details/

conditions
	Specimen
	Standard media
	Incubation
	Cultures read
	Target organism(s)

	
	
	
	Temp °C
	Atmos
	Time
	
	

	Sinusitis
	Antral washout, sinus aspirate, sinus washout
	Chocolate agar* 
	35-37
	5-10% CO2
	40-48hr
	daily
	β-haemolytic

streptococci

Enterobacteriaceae

H. influenzae

M.catarrhalis

Pseudomonads

S. aureus

S. anginosis group 

S. pneumoniae

	
	
	Blood agar
	35-37
	5-10% CO2
	16-24hr
	daily
	As for chocolate agar and: 

M. catarrhalis

S. pneumoniae 

	
	
	Fastidious anaerobe agar with 5µg metronidazole disc 
	35-37
	anaerobic
	5-7d
	≥48hr
	Fusobacterium species.

Peptostreptococcus species.

Propionibacterium species.

Prevotella species

	
	
	Sabouraud Agar
	30 and 35-37
	Air
	5d
	≥40hr and up to 5d
	Fungi

	For these situations, add the following:

	Clinical details/

Conditions
	Specimen
	Supplementary media
	Incubation
	Cultures read
	Target organism(s)

	
	
	
	Temp °C
	Atmos.
	Time
	
	

	If microscopy is suggestive of a mixed infection
	Antral washout, sinus aspirate, sinus washout
	Neomycin fastidious anaerobe agar with 5µg metronidazole disc
	35-37
	Anaerobic
	5d
	≥40hr

and at 5d
	Fusobacterium

Peptostreptococcus

Propionibacterium

Prevotella

	
	
	CLED/    MacConkey agar
	35-37
	air
	16-24hr
	≥16hr 
	Enterobacteriaceae

Pseudomonads

	Other organisms for consideration – viruses

	*may include either a bacitracin 10 unit disc or bacitracin incorporated in the agar
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.

Note: If chocolate agar with bacitracin incorporated in the agar is used a blood agar plate incubated in 5-10% CO2 must be included for isolation of M. catarrhalis and S. pneumoniae.


4.6
Identification

Refer to individual SMIs for organism identification.

4.6.1
Minimum level of identification in the laboratory

	Peptostreptococcus species
	‘anaerobes’ level

	Propionibacteriumb species
	‘anaerobes’ level

	Fusobacterium species
	‘anaerobes’ level

	Prevotella species
	‘anaerobes’ level

	β-haemolytic streptococci
	Lancefield group level

	Enterobacteriaceae
	species level

	Yeast and Moulds
	genus level

	H. influenzae
	species level

	M. catarrhalis
	species level

	Pseudomonas species
	species level

	S. aureus
	species level

	S. anginosus
	‘S. anginosus’ group level

	S. pneumoniae
	species level


Organisms may be further identified if this is clinically or epidemiologically indicated.
5
Reporting Procedure

5.1
Microscopy

Report on WBCs and organisms detected.

Report on fungal hyphae detected.

Fungal infections may be the cause of life-threatening infection in patients who are compromised. Every time fungi are seen in preparations of this kind the medical microbiologist should be informed as soon as possible.

5.1.1
Microscopy reporting time

Urgent microscopy results to be telephoned or sent electronically when available.

Written report, 16–72hr.

5.2
Culture

Report isolation of clinically significant organisms isolated or

Report other growth, eg, mixed upper respiratory tract flora or 

Report absence of growth.

Also, report results of supplementary investigations.
5.2.1
Culture reporting time

Clinically urgent culture results to be telephoned or sent electronically when available.

Written report, 16–72hr, stating, if appropriate, that a further report will be issued.

Supplementary investigations see appropriate SMIs.

5.3
Antimicrobial Susceptibility Testing

Report susceptibilities as clinically indicated. Prudent use of antimicrobials according to local and national protocols is recommended.

http://www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/HealthProtectionRegulations/ 

Other arrangements exist in Scotland37,38, Wales39 and Northern Ireland40.
 Investigation of Sinus Aspirate 
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*Other organisms in pure or predominant growth may be significant.
Investigation of Cerebrospinal Fluid Shunts
Type of Specimen

Cerebrospinal fluid shunt, shunt tubing, spitz-Holter valve, ventricular catheter, implantable reservoir (eg Ommaya), intraventricular portion of external ventricular drain (EVD), cerebrospinal fluid (CSF)

Introduction

Hydrocephalus
Hydrocephalus is a condition caused by the accumulation of excess cerebrospinal fluid (CSF) within the cerebral ventricular system3. It occurs in both adults and children. If untreated, the prognosis is poor. It may be classified as4:
· communicating (no block between the ventricles and subarachnoid space)

· non-communicating (a block is present between the ventricles and subarachnoid space)

The common causes of hydrocephalus are an obstruction of the flow of CSF or a failure to absorb it, resulting from:

· major developmental abnormalities

· meningitis

· overproduction of CSF

· perinatal haemorrhage

· trauma

· tumours, especially in the posterior fossa

Treatment for hydrocephalus involves diverting CSF from the ventricular system to another compartment where it can be absorbed directly or indirectly into the bloodstream. This is done by means of a shunt. There is a risk of infection at the initial shunt insertion and at each subsequent insertion, and shunts may also be infected at other times.
Shunts

Shunts consist of drainage tubes, incorporating one or more valves, to control the direction and rate of CSF flow4. The devices may also incorporate a reservoir. There are two main types of shunt4:

· Ventriculo-atrial (VA) shunts are used to drain CSF from the ventricle to the right atrium.
· Ventriculo-peritoneal (VP) shunts are more commonly used in contemporary neurosurgical practice. In these, the route of drainage is from the ventricle to the peritoneal cavity.
Shunt replacement is necessary from time to time due to growth of the recipient, or to mechanical obstruction or infection of the device.

If a shunt has to be removed because of infection, CSF drainage has to be maintained. This can be achieved by means of an implanted reservoir (which can be tapped as required) or by an external ventricular drain. These systems allow instillation of intrathecal antibiotics to treat ventriculitis before implantation of a new shunt. They may themselves become secondarily infected. These systems are also used to relieve hydrocephalus in the short term in patients who may not require a permanent shunt.

Sources of infection, CSF shunts become infected by various routes:

· organisms directly colonise the shunt, usually at the time of surgery

· organisms reach the CSF and the shunt via haematogenous spread

· organisms travel along the shunt by retrograde spread (uncommon)

Indicators of infection differ according to the type of shunt:

· signs of shunt malfunction and/or meningitis such as headaches, vomiting, drowsiness and decreased level of consciousness, with or without fever

· infected VA shunts discharge organisms directly into the right cardiac atrium. This gives rise to intermittent fevers and signs of septicaemia

· infected VP shunts discharge organisms directly into the peritoneal cavity, or may become distally infected without causing meningitis. Abdominal pain as a result of local inflammation may occur, as may local erythema over the shunt track. Rarely, the distal portion of the shunt may perforate the bowel, leading to peritonitis and abscess formation.
Rarely, shunt nephritis may occur a long time after initial shunt surgery. It is a result of the formation of immune complexes and their deposition on the basement membranes of the glomeruli.

Peritoneal fluid may be sent for culture if there is evidence of peritoneal inflammation. Mixed infections, particularly if colonic bacteria are present, suggest bowel perforation.

Shunts which are removed should be sent for culture. Shunt infections may be confirmed by recovering the organism from blood cultures (see B 37- Investigation of Blood Cultures (for Organisms other than Mycobacterium species)), CSF (see B 27 - Investigation of Cerebrospinal Fluid), shunt tubing, valves or a combination of these. It should be remembered that CSF microscopy may be unremarkable in shunt infection.

Intraventricular catheterisation (or ventriculostomy) is used to monitor intracranial pressure in a variety of neurological and neurosurgical disorders, especially trauma5. Catheters used for this purpose may also be sent for culture. Recently intracranial pressure ‘bolts’ have been introduced: this reduces the need for more invasive ventricular catheterisation in many patients.

Organisms isolated from CSF shunts and ventricular catheters include
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: 
· coagulase negative staphylococci
· Staphylococcus aureus

· Enterobacteriaceae

· Coryneforms and Propionibacterium species

· enterococci

· Haemophilus influenzae

· Neisseria meningitides

· pseudomonads

· streptococci

· Streptococcus pneumoniae

· yeasts

· Mycobacterium species

Organisms which may be isolated, but less frequently, include anaerobes and fungi, other than yeasts
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Coagulase negative staphylococci are isolated most commonly. Production of extracellular slime has been reported as being important in the pathogenesis of shunt infections11.

Coryneforms also produce extracellular slime which may contribute to their pathogenesis in device-related infections
 ADDIN REFMGR.CITE 

12,13
. Many isolates are Corynebacterium jeikeium (formerly JK coryneforms). C. jeikeium, and other species, are notable for their resistance to a wide range of antimicrobials14.

Specimen Containers
 ADDIN REFMGR.CITE 
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SMIs use the term, “CE marked leak proof container,” to describe containers bearing the CE marking used for the collection and transport of clinical specimens. The requirements for specimen containers are given 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 necessary, reduce as far as possible contamination of, and leakage from, the device during use and, in the case of specimen receptacles, the risk of contamination of the specimen. The manufacturing processes must be appropriate for these purposes.”

1 
Safety Considerations
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1,2,15-29

1.1
Specimen Collection, Transport and Storage
 ADDIN REFMGR.CITE 

1,2,15-18

Use aseptic technique.

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

Compliance with postal, transport and storage regulations is essential.

1.2
Specimen Processing
 ADDIN REFMGR.CITE 

1,2,15-29

Containment Level 2 unless infection with N. meningitidis, a Hazard Group 3 organism or TSE is suspected.

Although N. meningitidis is in Hazard group 2, suspected and known isolates of N. meningitidis should always be handled in a microbiological safety cabinet. Sometimes the nature of the work may dictate that full Containment Level 3 conditions should be used, eg, for the propagation of N. meningitidis in order to comply with COSHH 2004 Schedule 3 (4e).

Where Hazard Group 3 Mycobacterium species are suspected, all specimens must be processed in a microbiological safety cabinet under full containment level 3 conditions.

Laboratory policies that take into account the local risk assessments may dictate that the use of a microbiological safety cabinet should be used when dispensing the specimen.

“Although TSE agents are formally classified as Hazard Group 3 …the containment measures required when working with them may not necessarily fully meet Containment Level 3 because of the agent’s unique features…” Check recent ACDP guidelines on this area.
Laboratory procedures that give rise to infectious aerosols must be conducted in a microbiological safety cabinet21.

Prior to staining, fix smeared material by placing the slide on an electric hotplate (65-75°C), under the hood, until dry. Then place in a rack or other suitable holder.

Note: Heat-fixing may not kill all Mycobacterium species30. Slides should be handled carefully.

Centrifugation must be carried out in sealed buckets, which are subsequently opened in a microbiological safety cabinet.

Specimen containers must also be placed in a suitable holder.

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

The above guidance should be supplemented with local COSHH and risk assessments.
2
Specimen Collection

2.1
Type of Specimens

Cerebrospinal fluid shunt, shunt tubing, spitz-Holter valve, ventricular catheter, implantable reservoir (eg Ommaya), intraventricular portion of external ventricular drain (EVD), cerebrospinal fluid (CSF)

2.2
Optimal Time and Method of Collection
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For safety considerations refer to Section 1.1.

Collect specimens before antimicrobial therapy where possible
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Collect specimens into appropriate CE marked leak proof containers and place in sealed plastic bags.

When a shunt is removed all three portions should be sent in separate microbiologically approved containers of the appropriate size2. This will include the proximal catheter, a valve or reservoir, and a distal catheter32. CSF is usually obtained from the shunt reservoir and sent concurrently for investigation (see B 27 - Investigation of Cerebrospinal Fluid).
2.3
Adequate Quantity and Appropriate Number of Specimens
 ADDIN REFMGR.CITE 
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N/A
3
Specimen Transport and Storage
 ADDIN REFMGR.CITE 
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3.1 
Optimal Transport and Storage Conditions

For safety considerations refer to Section 1.1.

Specimens should be transported and processed as soon as possible
 ADDIN REFMGR.CITE 
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If processing is delayed, refrigeration is preferable to storage at ambient temperature
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4
Specimen Processing/Procedure
 ADDIN REFMGR.CITE 
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4.1
Test Selection

N/A

4.2
Appearance

Look for pus on external surface.

4.3 
Sample Preparation

For safety considerations refer to Section 1.2.
4.3.1
Pre-treatment

If the whole shunt is received intact, separate and process each portion separately.

If shunt tubing is received, cut a 5cm length aseptically from each end.

If CSF is visible in the shunt tubing or reservoir, aspirate it with a needle and syringe, and process accordingly (see B 27 - Investigation of Cerebrospinal Fluid). It is important to record the section from which the CSF is withdrawn to assist in deciding the aetiology of the infection and significance of isolates obtained.

4.3.2
Specimen processing

Pus

Swab any visible pus on the surface of the tubing27.

(Process separately from the flushed tubing - see below).
Tubing

Flush the tubing with sterile saline and collect fluid in a CE Marked leak proof container in a sealed plastic bag.
4.4
Microscopy

4.4.1
Standard

TP 39 - Staining Procedures
Pus (from external surfaces)

Prepare a thin smear on a clean microscope slide for Gram staining.

Fluids

Any fluid aspirated from shunt tubing or other component is treated as CSF (see B 27 - Investigation of Cerebrospinal Fluid).

4.4.2
Supplementary 

N/A
4.5
Culture and Investigation 

Pus

Inoculate each agar plate with swab (see Q 5 - Inoculation of Culture Media for Bacteriology).

For the isolation of individual colonies, spread inoculum with a sterile loop.
Tubbing
Using a sterile pipette inoculate each agar plate with the uncentrifuged, flushed saline (see Q 5 - Inoculation of Culture Media for Bacteriology).

Note: The use of broth medium for processing shunt tubing can lead to false positive results and is not recommended32.

For the isolation of individual colonies, spread inoculum with a sterile loop. 
4.5.3
Culture media, conditions and organisms
	Clinical details/

conditions
	Specimen
	Standard media
	Incubation
	Cultures read
	Target organism(s)

	
	
	
	Temp °C
	Atmos
	Time
	
	

	Shunt infection
	All specimens
	Chocolate agar
	35-37
	5-10% CO2
	40-48hr
	daily
	Any organism

	
	
	Blood agar
	35-37
	5-10% CO2
	40-48hr
	daily
	

	
	
	Fastidious anaerobe agar
	35-37
	anaerobic
	5d
	(40hr and at 5d
	Anaerobes

	For these situations, add the following:

	Clinical details/

conditions
	Specimen
	Optional media
	Incubation
	Cultures read
	Target organism(s)

	
	
	
	Temp °C
	Atmos
	Time
	
	

	If fungi are seen on microscopy
	All specimens
	Sabouraud agar
	35-37
	air
	40-48hr
	≥40hr*
	Yeasts

Mould

	 *incubation may be extended to five days; in such cases plates should be read at ≥40hr and then left in the incubator/cabinet until day five. Certain opportunistic pathogens will require extended incubation.


4.6
Identification

Refer to individual SMIs for organism identification.

4.6.1
Minimum level of identification in the laboratory

	Anaerobes
	"anaerobes" level

ID 14 - Identification of Anaerobic Cocci
ID 8 - Identification of Clostridium species
ID 25 - Identification of Anaerobic Gram Negative Rods

	(-haemolytic streptococci
	Lancefield group level

	Coagulase-negative staphylococci
	‘coagulase negative’ level

	All other organisms
	species level


Organisms may be further identified if this is clinically or epidemiologically indicated.

It may be useful to store coagulase negative staphylococci in case later it is necessary to distinguish re-infections from relapsed infections.

4.7
Antimicrobial Susceptibility Testing

Refer to British Society for Antimicrobial Chemotherapy (BSAC) and/or EUCAST guidelines. 

4.8
Referral for Outbreak Investigations

N/A
4.9
Referral to Reference Laboratories 

For information on the tests offered, turnaround times, transport procedure and the other requirements of the reference laboratory click here for user manuals and request forms.

Organisms with unusual or unexpected resistance, and whenever there is a laboratory or clinical problem, or anomaly that requires elucidation should, be sent to the appropriate reference laboratory.

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

England and Wales http://www.hpa.org.uk/webw/HPAweb&Page&HPAwebAutoListName/Page/1158313434370?p=1158313434370 

Scotland 

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

Northern Ireland

http://www.publichealth.hscni.net/directorate-public-health/health-protection 

5
Reporting Procedure
5.1
Microscopy

Report microscopy on the CSF (see B 27 - Investigation of Cerebrospinal Fluid), or pus from external surface.

5.1.1
Microscopy reporting time

Urgent microscopy results to be telephoned or sent electronically.
5.2
Culture

Report organisms isolated or
Report absence of growth.

5.3
Antimicrobial Susceptibility Testing

Report susceptibilities as clinically indicated. Prudent use of antimicrobials according to local and national protocols is recommended.

Appendix: Investigation of Cerebrospinal Fluid Shunts 
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Prepare all specimens


All specimens from Sore throat, Pharyingitis
Tonsilitis


Additional media


Membranous Pharyingitis / tonsilitis or foreign travel


S. aureus
carriage


GUM clinic, Gonorrhoea
N. meningitidis
case or contact


Tonsilitis, Pharyingitis,
rash and treatment failure


Epiglottitis


Diabetes,
immunosuppressed patients, 
oral candidosis


Persistent sore throat and Quinsy 
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Read at ≥ 48hr


Incubate at 35-37°C
Air
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Refer to ID 4
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Refer to ID 2
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Refer to ID 7


N. gonorrhoeae
N. meningitidis
Refer to ID 6


A. haemolyticum
Refer to ID 3


H. influenzae
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Prepare specimens
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Incubate at 35-37°C Air
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Fusobacterium spp.
Peptostreptococcus spp.
Propionibacterium spp.
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Refer to 
ID 25
ID 14


Enterobacteriaceae
Pseudomonads
Refer to
ID 4
ID 17 
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5-10% CO2
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Read daily
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S. aureus
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S. pneumoniae
Refer to
ID 4, 7, 12, 17*


Fungi 



