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Medical Microbiology audit template 
	Date of completion 
	(To be inserted when completed)

	Name of lead author/
participants
	(To be inserted)

	Specialty
	Medical Microbiology 

	Title
	An audit of diagnosis and management of encephalitis

	Background
	The incidence of encephalitis is 0.7–12.6 per 100,000. The management of patients with suspected viral encephalitis (inflammation of the brain parenchyma) has improved with better imaging and viral diagnostics, antiviral and immune-modulatory therapies, and neuro-intensive care. 

Fever and abnormal mental status, often with severe headache, nausea and vomiting, are the classical clinical features of infectious encephalitis. Approaches to diagnosis and therapy are variable, and for some there are inappropriate delays before treatment is started. Such delays can be devastating.

	Aim and objectives
	· Analyse compliance with the 2012 BIA guidelines for the diagnosis and management of encephalitis, particularly to identify where investigations performed were inappropriate or inadequate, and management failed to reach an acceptable standard. 
· Analysis of results clinically and microbiologically as a multidisciplinary team should lead to better communications and understanding and ultimately better patient care. 

	Standards and criteria
	Criteria range: 100%, for life-threatening encephalitides where early diagnosis and antiviral therapy is considered essential (e.g. Herpes simplex virus encephalitis, HSVE).
(Note: the criteria range may vary between types of encephalitis and the standards of microbiological management expected. For example >95% for rarer encephalitides with lower morbidity or for diagnostic tests where, e.g. testing Throat swab for polymerase chain reaction [PCR] in enteroviral encephalitis would not be indicated if cerebro-spinal fluid [CSF] PCR were undertaken). 
Any special criteria or exceptions should be justified by the audit instigator and, where non-compliance is found, there is documentation in the case notes that explains the variance.

	Method


	Sample selection: The last ten patients diagnosed with (or suspected of having, if very few cases seen in your hospital) encephalitis. 
Analysis of case notes and laboratory records. 

Data to be collected on proforma (see below).



	Results
	(To be completed by the author)

The results of this audit show the following % compliance with the standards:
% compliance
% compliance

Investigations involved close collaboration between a specialist in microbiology or virology and the clinical team
On suspicion of encephalitis, the patient had an LP as soon as possible after hospital admission (unless there was a clinical contraindication)
CSF investigations: 
· Opening pressure was recorded in notes
· Total and differential white cell count, red cell count, Gram stain culture and sensitivities performed on all CSF samples 
· Protein and glucose measurements performed on all specimens 
· The CSF glucose level was documented compared with a plasma glucose taken just before the LP

All CSF specimens were tested for HSV (1 and 2) and VZV by PCR 
Results of CSF PCR assays were available (or documented in the clinical notes) within 24–48 hours of the LP being performed 
If PCR of the CSF was not performed acutely for some reason, a later CSF and serum sample (taken approximately 10–14 days after illness onset) was sent for HSV specific IgG antibody testing

CSF samples were tested for enteroviruses by PCR 
Some CSF was also stored for virological or other investigations on all patients 
Further CSF or serological testing was planned (directed towards specific pathogens as guided by the clinical features, occupation, travel history animal or insect contact) in the notes or discussed 
Mycobacterium tuberculosis (6 ml sample) was tested for on all CSFs when clinically indicated 
For those patients where the initial LP was non-diagnostic, a second LP was performed 24–48 hours later

Throat and rectal swabs for enterovirus investigations were considered/sent appropriately and viral swabs sent from any from vesicles, if present

For returning travellers, appropriate investigations and treatment for the other possible causes of encephalitis were performed (Table 2 BIA G/L)

· Malaria endemic areas – rapid blood malaria antigen tests and ideally three thick and thin blood films examined for malaria parasites, and if delay in processing anti-malarial treatment considered and specialist advice (regional and national tropical and infectious disease units).
Appropriate investigations (other than for malaria) were performed. Where applicable: 
· all patients had (acute and/or) convalescent blood samples– taken as an adjunctive diagnostic investigation when EBV, arboviruses, Lyme disease, brucellosis, Rickettsioses
· Ehrlichiosis or mycoplasma suspected
· also for any suspected flavivirus encephalitis cases, CSF was tested for IgM antibody
HIV test performed on all patients with encephalitis
HIV positive patients were treated in an HIV centre

If respiratory tract infection, sputum (bacteria) or bronchial lavage or nose and throat swab/nasopharyngeal wash or aspirate (viruses) were sent.
If mumps encephalitis suspected: 
· CSF PCR and parotid gland duct or buccal swabs were sent for viral culture or PCR

Appropriate imaging was performed: 
· MRI (including diffusion weighted imaging) performed as soon as possible on all patients for whom the diagnosis was uncertain; ideally within 24 hours but certainly within 48 hours of admission
· if condition precluded an MRI, urgent CT scanning done
EEG – done if appropriate 

Not routine, but if uncertainty whether psychiatric or organic cause, performed to seek encephalopathic changes and also if subtle motor, or non-convulsive seizures suspected
Appropriate therapy: HSVE – given aciclovir in correct dosages intravenously 

proven HSV encephalitis, intravenous aciclovir treatment given 14–21 days and then repeat LP performed to confirm CSF PCR negative. If CSF still positive, aciclovir continue intravenously with weekly PCR until negative.
Aciclovir stopped appropriately in immunocompetent patients, e.g. if:
· alternative diagnosis made or 
· HSV PCR in the CSF negative two occasions 24–48 hours apart, and MRI not characteristic for HSVE or 
· HSV PCR of CSF is negative once >72 hours after neurological symptom onset, with unaltered consciousness, normal MRI and CSF white cell count of less than 5 x 106/L.
· A second CSF sample for PCR (taken after therapy completed) was negative.3
Other causes – if suspected/proven – were treated appropriately: 
· Mycoplasma pneumoniae: azithromycin, doxycycline or a fluoroquinolone 

· Tropheryma whipplei: ceftriaxone, followed by either trimethoprim-sulfamethoxazole or cefixime, recommended

· Mycobacterium tuberculosis: 4-drug anti-tuberculous

therapy should be initiated adjunctive dexamethasone

added if meningitis
Therapy for encephalitis suspected other than HSVE was appropriate, i.e. 
· cytomegalovirus: ganciclovir plus foscarnet recommended but not cidofovir2 
· Bartonella henselae: doxycycline or azithromycin +/– rifampin, can be considered2 
· Listeria monocytogenes: ampicillin plus gentamicin, or trimethoprim-sulfamethoxazole if penicillin-allergic patient2
Treatment for non HSV and unusual viral causes of encephalitis:
· for VZV encephalitis (primary infection or reactivation) intravenous aciclovir 10–15 mg/kg three times daily, with or without a short course of corticosteroids1 
· severe enterovirus encephalitis; pleconaril (if available) or intravenous immunoglobulin considered1 
Other areas managed appropriately: 
· involvement of ICU appropriately if necessary (e.g. falling level of consciousness)
· access to an immediate neurological specialist opinion managed in a setting where clinical neurological review obtained definitely within 24 hours of referral 
· access to neuroimaging (MRI and CT), under general anaesthetic if needed, and neurophysiology (EEG) even if transfer to specialist neuroscience unit 

Immuno-compromised patients – additional tests performed: 
· CSF PCR for EBV, and CMV

· CSF and blood both cultured for Listeria monocytogenes
· Indian ink staining and/or cryptococcal antigen

· (CRAG) testing for Cryptococcus neoformans
· Toxoplasma gondii serology, if positive CSF PCR 
· serology for syphilis, if positive CSF tested
Other possible investigations as appropriate: 
· CSF PCR for HHV6 and 7

· CSF PCR for JC/BK virus

· CSF examination for Coccidioides sp and Histoplasma sp
Commentary:



	Conclusion
	(To be completed by the author)



	Recommend-
ations for improvement

Action plan


	Present the result with recommendations, actions and responsibilities for action and a timescale for implementation. Assign a person/s responsible to do the work within a timeframe.

Some suggestions:

· Highlight areas of practice that are different.
· Present findings.

(To be completed by the author – see attached action plan proforma)

	Re-audit date
	(To be completed by the author)
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Data collection proforma for diagnosis and management of encephalitis 
Patient name:

Hospital number:
Date of birth: 



Consultant:

	
	1

Yes 
	2

No
	3
If no, was there documentation to explain the variance? 
Yes/No plus free-text comment
	4
Compliant with guideline based on Yes from column 1 or an appropriate explanation from column 3. Yes/No

	Investigations have involved collaboration between a specialist in microbiology / virology and the clinical team 
	
	
	
	

	LP performed soon as possible after hospital admission. If not (e.g. clinical contraindication) a CT then an LP was considered on a case-by-case basis (unless significant brain shift or tight basal cisterns due to or causing raised ICP)
	
	
	
	

	Appropriate imaging performed: 
· MRI (including diffusion weighted imaging) was performed as soon as possible on all patients with suspected encephalitis for whom the diagnosis is uncertain; ideally within 24 hours of admission, but certainly within 48 hours. 

· If condition precluded an MRI, urgent CT scanning. 
	
	
	
	

	EEG – was performed where there was   uncertainty whether psychiatric or organic cause,or if subtle motor or non-convulsive seizures suspected.
	
	
	
	

	CSF investigations:
· opening pressure  was recorded.
	
	
	
	

	Total and differential white cell count, red cell count, microscopy, culture and sensitivities for bacteria were performed.
	
	
	
	

	Protein and glucose levels were done on all specimens 
	
	
	
	

	The glucose CSF level was compared with a plasma glucose taken just before the LP
	
	
	
	

	CSF was tested by PCR for HSV (1 and 2) and VZV. 
	
	
	
	

	The results of CSF PCR assays were available within 24–48 hours of a lumbar puncture being performed.
	
	
	
	

	If PCR of the CSF was not performed acutely, a later CSF and serum sample (taken approximately 10–14 days after illness onset) was sent for HSV specific IgG antibody testing.
	
	
	
	

	CSF PCR was tested for enteroviruses.
	
	
	
	

	Some CSF was stored for virological or other investigations.
	
	
	
	

	Other testing planned appropriately (directed towards specific pathogens as guided by the clinical features, occupation, travel history animal or insect contact).
	
	
	
	

	Mycobacterium tuberculosis (6 ml sample) was sent for testing where clinically indicated.
	
	
	
	

	If initial LP was non-diagnostic, a second LP was performed 24–48 hours later.
	
	
	
	

	Additional swabs:  

Throat and rectal swabs for enterovirus investigations were considered where appropriate 
	
	
	
	

	Swabs for viral PCR were  sent from vesicles when  present.
	
	
	
	

	Appropriate investigations and treatment for the other possible causes of encephalitis in a returning traveller1(see Table 2) 
Malaria endemic areas – rapid blood malaria antigen tests and ideally three thick and thin blood films examined for malaria parasites, and if delay in processing anti-malarial treatment considered and specialist advice (regional and national tropical and infectious disease units).
	
	
	
	

	Appropriate investigations and treatment for the other possible causes of encephalitis in a returning traveller1  other than malaria 

Acute and convalescent blood samples should be taken as an adjunct to diagnostic investigation especially when EBV, arboviruses, Lyme disease, brucellosis, rickettsioses, ehrlichiosis or mycoplasma are suspected and in suspected flavivirus encephalitis CSF should be tested for IgM antibody.
	
	
	
	

	HIV test performed and results recorded. 
	
	
	
	

	HIV positive patients with encephalitis should be treated in an HIV centre. 
	
	
	
	

	Appropriate other viral samples sent:
· If respiratory tract infection, bronchial lavage or nose and throat swab/nasopharyngeal wash or aspirate sent.
· If mumps suspected, CSF PCR should be performed for this and parotid gland duct or buccal swabs should be sent for viral culture or PCR.
	
	
	
	

	Appropriate therapy: 

· HSVE proven: intravenous aciclovir treatment given 14–21 days, then repeat LP performed to confirm CSF PCR negative If CSF still positive, aciclovir continue intravenously with weekly PCR until negative.
	
	
	
	

	Corticosteroids not used routinely 
	
	
	
	

	· Aciclovir stopped appropriately in immunocompetent patients, e.g. if
–
alternative diagnosis made or 

–
HSV PCR in the CSF negative two occasions 24–48 hours apart, and MRI not characteristic for HSVE or
· HSV PCRCSF is negative once >72 hours after neurological symptom onset, unaltered consciousness, normal MRI and CSF white cell count of less than 5 x 106/L.
	
	
	
	

	Other causes treated appropriately: 
· Mycoplasma pneumoniae: azithromycin, doxycycline, or a fluoroquinolone 

· Tropheryma whipplei: ceftriaxone, followed by either trimethoprim-sulfamethoxazole or cefixime, recommended

· Mycobacterium tuberculosis: 
4-drug anti-tuberculous therapy should be initiated adjunctive dexamethasone added if meningitis (BIA guidelines) Bartonella henselae: doxycycline or azithromycin, +/– rifampin can be considered. 

· Listeria monocytogenes: ampicillin plus gentamicin, or trimethoprim-sulfamethoxazole if penicillin-allergic patient (IDSA GL). 
	
	
	
	

	Treatment of  non-HSV viral causes of encephalitis was appropriate:
· VZV encephalitis, (primary infection or reactivation) intravenous aciclovir 10–15 mg/kg three times daily, with or without a short course of corticosteroids (BIA).
· Severe enterovirus encephalitis; pleconaril (if available) or intravenous immunoglobulin considered 
	
	
	
	

	Other areas of management encephalitic patient in line with guidelines: 

· involvement of ICU appropriately if necessary (falling level of consciousness).
· access to an immediate neurological specialist opinion and managed in a setting where clinical neurological review can be obtained as soon as possible and definitely within 24 hours of referral.
· access to neuroimaging (MRI and CT) under general anaesthetic if needed, and neurophysiology (EEG), which may mean transfer to a specialist neuroscience unit.
	
	
	
	

	Immunocompromised patients – additional tests: 
· CSF PCR for EBV, and CMV
	
	
	
	

	· Indian ink staining and/or cryptococcal antigen

· (CRAG) testing for Cryptococcus neoformans.
	
	
	
	

	· Toxoplasma gondii seriology – if positive serology for syphilis, if positive CSF tested CSF PCR.
	
	
	
	

	Other possible investigations as appropriate: 
· CSF PCR for HHV6 and 7

· CSF PCR for JC/BK virus

· CSF examination for Coccidioides sp and Histoplasma sp
	
	
	
	


	Audit action plan
An audit of diagnosis and management of encephalitis 

	Audit recommendation
	Objective
	Action
	Timescale
	Barriers and constraints
	Outcome
	Monitoring
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