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UK Standards for Microbiology Investigations#:
Scope and Purpose
Users of SMIs
•

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

•

SMIs 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 ordering of appropriate tests.

•

SMIs provide commissioners of healthcare services with the appropriateness
and standard of microbiology investigations they should be seeking as part of
the clinical and public health care package for their population.

Background to SMIs
SMIs comprise a collection of recommended algorithms and procedures covering all
stages of the investigative process in microbiology from the pre-analytical (clinical
syndrome) stage to the analytical (laboratory testing) and post analytical (result
interpretation and reporting) stages.
Syndromic algorithms are supported by more detailed documents containing advice
on the investigation of specific diseases and infections. Guidance notes cover the
clinical background, differential diagnosis, and appropriate investigation of particular
clinical conditions. Quality guidance notes describe laboratory processes which
underpin quality, for example assay validation.
Standardisation of the diagnostic process through the application of SMIs helps to
assure the equivalence of investigation strategies in different laboratories across the
UK and is essential for public health surveillance, research and development activities.

Equal Partnership Working
SMIs are developed in equal partnership with PHE, NHS, Royal College of
Pathologists and professional societies.
The list of participating societies may be found at
http://www.hpa.org.uk/SMI/Partnerships. Inclusion of a logo in an SMI indicates
participation of the society in equal partnership and support for the objectives and
process of preparing SMIs. Nominees of professional societies are members of the
Steering Committee and Working Groups which develop SMIs. The views of nominees
cannot be rigorously representative of the members of their nominating organisations
nor the corporate views of their organisations. Nominees act as a conduit for two way
reporting and dialogue. Representative views are sought through the consultation
process.
SMIs are developed, reviewed and updated through a wide consultation process.

#

Microbiology is used as a generic term to include the two GMC-recognised specialties of Medical Microbiology (which includes
Bacteriology, Mycology and Parasitology) and Medical Virology.
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Quality Assurance
NICE has accredited the process used by the SMI Working Groups to produce SMIs.
The accreditation is applicable to all guidance produced since October 2009. The
process for the development of SMIs is certified to ISO 9001:2008.
SMIs represent a good standard of practice to which all clinical and public health
microbiology laboratories in the UK are expected to work. SMIs are NICE accredited
and represent neither minimum standards of practice nor the highest level of complex
laboratory investigation possible. In using SMIs, laboratories should take account of
local requirements and undertake additional investigations where appropriate. SMIs
help laboratories to meet accreditation requirements by promoting high quality
practices which are auditable. SMIs also provide a reference point for method
development.
The performance of 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 SMI Working Groups are committed to patient and public involvement in the
development of SMIs. By involving the public, health professionals, scientists and
voluntary organisations the resulting SMI will be robust and meet the needs of the
user. An opportunity is given to members of the public to contribute to consultations
through our open access website.

Information Governance and Equality
PHE is a Caldicott compliant organisation. It seeks to take every possible precaution
to prevent unauthorised disclosure of patient details and to ensure that patient-related
records are kept under secure conditions.
The development of SMIs are subject to PHE Equality objectives
http://www.hpa.org.uk/webc/HPAwebFile/HPAweb_C/1317133470313. The SMI
Working Groups are committed to achieving the equality objectives by effective
consultation with members of the public, partners, stakeholders and specialist interest
groups.

Legal Statement
Whilst every care has been taken in the preparation of SMIs, PHE and any supporting
organisation, shall, to the greatest extent possible under any applicable law, exclude
liability for all losses, costs, claims, damages or expenses arising out of or connected
with the use of an SMI or any information contained therein. If alterations are made to
an SMI, it must be made clear where and by whom such changes have been made.
The evidence base and microbial taxonomy for the SMI is as complete as possible at
the time of issue. Any omissions and new material will be considered at the next
review. These standards can only be superseded by revisions of the standard,
legislative action, or by NICE accredited guidance.
SMIs are Crown copyright which should be acknowledged where appropriate.
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Scope of Document
Type of Specimen
Cerebrospinal fluid, serum, plasma, brain biopsy, swabs, faeces, urine

Scope
This method describes the examination of samples for viral encephalitis and
meningitis.
This SMI should be used in conjunction with other SMIs.

Introduction
A large number of infectious agents cause disease of the central nervous system
(CNS). These include bacteria, fungi, parasites, viruses and prions. This Guidance
Note describes the viral pathogens responsible for viral encephalitis and meningitis.
For more extensive information on clinical presentation and CSF findings reference
should be made to standard textbooks of infectious diseases.

1

Meningitis

Meningitis is defined as inflammation of the meninges.
Symptoms of acute meningitis include fever, headache, neck stiffness and
photophobia. The headache is usually severe and global, often throbbing. Nausea and
vomiting may be associated. Sensitivity of headache as a diagnostic criterion for
meningitis is low in adults at 50%. Patients suffering from nausea and vomiting is
equally low at 30%. In babies there may only be non-specific signs such as poor
feeding, irritability, lethargy and irritation. Rapid recognition of acute meningitis is vital,
and the differentiation between bacterial, partly treated bacterial and viral meningitis is
critical to allow appropriate treatment of the infected individual and management of
contacts.
Chronic meningitis is defined as persistence of meningeal inflammation for over 4
weeks. Mumps and lymphocytic choriomeningitis (LCM) virus infections occasionally
persist for 3 to 4 weeks but true chronic viral meningitis is rare except in patients who
are immunodeficient. Chronic enterovirus meningitis occurs in patients with
hypogammaglobulinaemia, particularly X-linked agammaglobulinaemia1. Virus can be
detected by molecular methods (but not by culture) if immunoglobulin therapy is given,
and can be positive for long periods2,3. Meningitis due to HIV infection can be
prolonged and occurs in the acute retroviral syndrome4.
Recurrent meningitis is characterised by resolution of clinical illness and the return to
normal of CSF changes. It is occasionally seen in association with recurrences of
genital herpes simplex type 2 lesions. Mollaret’s meningitis is a rare form of recurrent
meningitis associated with herpes viruses, generally HSV type 2, although infection
due to HSV type 1 has been reported5. Recurrent episodes of fever, meningism, and
severe headache occur, often associated with transient neurological deficits eg cranial
nerve palsies, and fits. Lymphocytic pleocytosis is seen in the CSF and large
‘endothelial’ cells (‘Mollaret’ cells - probably monocytes) may be present. Attacks are
separated by weeks or months and are self-limiting.
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1.1

Diagnosis of Viral Meningitis

Viral meningitis may be confirmed by examination of cerebrospinal fluid (CSF). In viral
meningitis there is typically a CSF lymphocytosis of <500 cells, however a negative
cell count cannot exclude the diagnosis6. Very early in infection a raised CSF
neutrophil count is common. Protein levels may be a little raised but glucose levels are
generally normal (glucose may be low in mumps infection and lymphocytic
choriomeningitis virus infection). Bacterial meningitis on the other hand is
characterised by high CSF white cell count (>500 X 106 cells/ L), high protein, and low
glucose levels. Use of acute phase reactants such as C-reactive protein and
procalcitonin in differentiating viral from bacterial meningitis remains unproven.
Identification of viruses in brain tissue or cerebrospinal fluid (CSF), or demonstration
of intrathecal antibody production, is diagnostic in an appropriate clinical setting. In
infections of the CNS where brain tissue or CSF cannot be obtained it may be
possible to gain results that suggest a neurotropic virus is implicated by virus culture
or PCR from another specimen such as faeces or plasma. Also detection in serum of
IgM antibody to a virus known to cause CNS infection or demonstration of a significant
rise in serum antibody titre to such a virus is possible.
Culture at present remains a useful adjunct to PCR in allowing rapid typing of viruses.
Conventional typing schemes based on immunofluorescence or neutralisation are
more readily available than molecular typing schemes for many viruses, especially
adenoviruses and enteroviruses.

2

Encephalitis

Encephalitis is an inflammatory process involving the parenchyma of the brain,
although it is often associated with meningitis (meningoencephalitis).
Acute viral encephalitis usually begins with a fever and headache, similar to acute
meningitis but with accompanying signs of cerebral involvement - altered level of
consciousness (ranging from mild lethargy to coma), confusion, disorientation, mental
changes such as delirium, personality change, agitation, hallucinations, focal
neurological changes, cranial nerve deficits, and in over 50% of cases, fits.
Headaches, typically global, are caused by raised intracranial pressure and meningeal
involvement. Headaches may occur early and present as the only symptom.
Herpes simplex is the commonest cause of sporadic viral encephalitis. However in
many typical cases no aetiological agent is identified7. Increased foreign travel makes
it necessary to consider the possibility of imported infections, especially arboviral
infections, in cases of aseptic meningitis or encephalitis in the UK. The range of
agents implicated in encephalitis varies considerably in different parts of the world with
the major agents in South America quite different from those of South East Asia8,9.
Postinfectious encephalitis is an encephalopathy which occurs relatively soon after an
acute viral infection. It is an acute disseminated encephalomyelitis associated with an
autoimmune process with demyelination due to myelin-reactive T cells. A classic
example is that seen after vaccination against smallpox. This occurred at a rate of 3
per million primary vaccinations, seen 8 to15 days after vaccination and had a 15 to
25% death rate10. Similar complications can occur with measles (about 1 per 1000
cases), mumps, rubella and EBV.
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Subacute encephalitis occurs years after the initial infection. Examples are
progressive rubella panencephalitis, a rare condition seen some 8 to 19 years after
congenital or perinatal rubella and subacute sclerosing panencephalitis associated
with measles infection (see section 3.17 Measles)11.

2.1

Diagnosis of Acute Viral Encephalitis

Clinical findings (such as a typical rash) or epidemiological features (travel to endemic
area, part of outbreak, animal exposure), are rarely adequate to make a diagnosis.
Laboratory investigations are almost always required.
The initial investigation often requires a CT scan of the brain, to exclude spaceoccupying lesions prior to lumbar puncture. Herpes simplex encephalitis is typically
focal, with CT showing focal temporal lobe changes in over 70% of cases and MR
scan and EEG showing temporal lobe abnormality in over 90% of cases. Three
infections are associated with MR scan abnormalities of basal ganglia and thalamus –
eastern equine encephalitis, Japanese encephalitis and tick-borne encephalitis12.
Other agents tend to cause more diffuse encephalitis, although La Crosse virus
infection can produce focal changes similar to HSV13.
The diagnosis of acute viral encephalitis can be confirmed by CSF examination. CSF
changes in encephalitis are similar to those of viral meningitis ie slightly raised protein
levels, with a raised lymphocyte count (>5 but <500 X 106cells/L). Lymphocytosis may
be absent in immunocompetent individuals early in the infectionas well as in patients
who are immunocompromised, including those with HIV infection14.
Glucose levels are generally normal but may be low in mumps infection, and in
advanced herpes simplex and lymphocytic choriomeningitis virus infection. A low
glucose level should alert the clinician to exclude the possibility of a non-viral cause
for the CNS signs, eg fungal infection, leptospirosis, mycobacterial infection, syphilis,
sarcoid or neoplasia.
Red cells may be present due to a traumatic tap or in advanced herpes simplex
encephalitis.
Virus culture, histology and electron microscopic examination of brain biopsy are
seldom required nowadays to diagnose viral encephalitis. The surgical procedure for
obtaining a brain biopsy is invasive and is associated with significant morbidity. The
procedure also suffers from the problem of sampling error.
PCR assays on CSF have long been used for diagnosis of CNS infection and in
general give high diagnostic yields15,16,17. Caution may be required in interpretation
where there is evidence of CNS viral latency, as with HHV618. Intravenous aciclovir is
usually administered to patients with suspected herpes simplex viral encephalitis
pending CSF PCR results.
PCR assays for herpes simplex types 1 and 2, enteroviruses and parechoviruses, and
other agents such as VZ, EBV, HHV6 and CMV are readily available in specialist
virology laboratories, sometimes in multiplex PCR formats. Multiplex PCR assays may
be available to detect several different common viruses associated with specific
presentations or patient groups (for example, patients who are immunocompromised).
They may be valuable where CSF volume is limited, but the sensitivity and specificity
for each virus should be similar or better than that achieved using single-target
assays.
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It is essential to be aware of the sensitivity and specificity of any PCR assay used. It
may not be possible to exclude specific viral causes based upon a single negative
PCR result, and in the presence of on-going clinical evidence of infection, a further
CSF should be requested.
PCR for arboviruses and LCM may require referral to reference centres such as
CAMR, Porton Down.
Serological assays continue to have an important role in diagnosis. Rising titres or IgM
reactivity in sera can support a specific diagnosis while serum:CSF antibody ratio
estimations can be diagnostic by demonstrating intrathecal production of antibodies.

2.2

Diagnosis of Post Infectious Encephalitis

Diagnosis of post infectious encephalitis is dependent on making the temporal link
between the neurological illness and the antecedent infection. Antibody tests are
useful in confirming the viral diagnosis, particularly IgM assays on serum. CSF does
not always show intrathecal production of antibody to the triggering virus, and PCR is
generally negative.

2.3

Diagnosis of SSPE

A characteristic periodic pattern is seen on EEG, with bursts every 3 to 8 seconds of
high-voltage, sharp slow waves followed by periods of attenuated ("flat")
background19. CSF is acellular. Protein level is normal or slightly elevated but there is
a markedly elevated gamma-globulin level (>20% of total CSF protein). CSF
antimeasles antibody levels are high, and oligoclonal antimeasles antibodies are often
present. Cerebral imaging shows multifocal white matter lesions, cortical atrophy, and
ventricular enlargement. Measles virus can be cultured from brain tissue using special
cocultivation techniques. Viral antigen can be identified by immunohistochemistry. The
measles virus genome can be detected by in situ hybridisation and by PCR.

Viral causes of meningitis and/or encephalitis
Viruses in italics are endemic in the UK
Direct infection
Alphaviruses-

Eastern Equine, Western Equine, Venezuelan Equine

Flaviviridae-

St Louis, Murray Valley, West Nile , Japanese, Dengue, Tick-borne
b
b
c
encephalitis , Central European encephalitis , Louping ill

Bunyaviridae-

La Crosse, Rift Valley, Toscana

Paramyxoviridae-

Mumps, Measles, Hendra, Nipah

Arenaviridae-

Machupo, Junin, Lassa

Picornaviridae-

Poliovirus , Coxsackieviruses, Echoviruses, Parechoviruses, Enterovirus 71

Reoviridae-

Colorado tick fever

Rhabdoviridae-

Lyssavirus , Rabies

Filoviridae-

Ebola, Marburg

Retroviridae-

HIV

a

d

b

b

Clinical Guidance | G 4 | Issue no: 2.3 | Issue date: 03.03.14 | Page: 11 of 31
UK Standards for Microbiology Investigations | Issued by the Standards Unit, Public Health England

Investigation of Viral Encephalitis and Meningitis
Herpesviridae-

HSV 1 and 2, VZV, EBV, CMV, HHV6, Herpes B

Adenoviridae-

Adenovirus

Parvoviridae

Parvovirus B19
Post infectious

Togaviridae-

Rubella

Orthomyxoviridae-

Influenza

Paramyxoviridae-

Mumps, Measles

Poxviridae

Vaccinia

Herpesviridae-

VZV, EBV

e

a - UK surveillance in progress
b - Central/Western Europe
c - Very rare
d - In the UK as part of vaccine associated disease (wild type virus eradicated)
e - Post-immunisation

3 Additional Notes on Selected Viral Agents of
CNS Disease
3.1

Adenovirus

Adenovirus encephalitis is relatively uncommon even in patients who are
immunocompromised20. The onset is acute and the outcome generally but not
invariably benign21. Higher rates of adenovirus encephalitis have been described in an
adenovirus 7 outbreak in hospitalised children22. A syndrome of transient
encephalopathy in association with upper respiratory symptoms has recently been
described in children under 3 years of age23.

3.1.1 Diagnosis of Adenovirus Infection
Serological diagnosis is generally made by looking for rising titres to adenovirus
antigen in CFT tests. Diagnosis is often made by immunofluorescent detection of
antigen in an appropriate specimen eg nasopharyngeal aspirate if there are
respiratory symptoms, and by virus culture, often using the shell vial technique
(DEAFF), in HeLa, Hep2, A549 (most sensitive), fibroblasts (least sensitive), or 293
cells20. PCR is more sensitive than culture in most studies and can be done on the
same types of samples used for virus culture including CSF, throat and nose swabs,
nasal washes as well as on anticoagulated blood24.

3.2

Central European Encephalitis

See tickborne encephalitis.

3.3

Cytomegalovirus

Encephalitis, typically with periventricular lesions, occurs as part of the congenital
CMV syndrome. In patients who are immunocompromised with AIDS it was until
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recently one of the most common causes of CNS disease (16%)25. CMV encephalitis
also occurs post-transplantation but is believed to be uncommon. However CMV DNA
has been described in 50% of brains from liver transplant patients with CNS
symptomatology26. Occasional cases are described in individuals who are
immunocompromised27. The clinical presentation of CMV encephalitis is often nonspecific28.

3.3.1 Diagnosis of CMV Encephalitis
CMV PCR on CSF is the best test for diagnosis, with sensitivity around 79% or
higher25,28.
Supporting evidence can come from serum CMV IgM reactivity blood, urine, or throat
swab CMV culture and PCR. However, only CSF CMV PCR or intrathecal CMV
antibody production are diagnostic.

3.4

Dengue Virus

The incidence of CNS disease in dengue infections may be underestimated as other
encephalitogenic arboviruses often coexist with dengue virus. Dengue virus should be
considered in the differential diagnosis of encephalitis in areas where it is endemic. In
a study of encephalitis in Vietnam 4% of cases seemed to be associated with the
dengue virus29.

3.4.1 Diagnosis of Dengue Virus Infection
Detection of serum or CSF antibody by IgM capture ELISA is recommended although
similar immunoassays show satisfactory performance30. Virus isolation is undertaken
in mosquito cells, with immunofluorescence detection. Virus isolation from serum
taken within 5 days of onset gives over 60% yield31.

3.5

Enteroviruses and Parechoviruses

Enterovirus infections account for most cases of viral meningitis32. Infections with
poliomyelitis resulted in neurological disease in about 1% of cases, with aseptic
meningitis more common than paralytic poliomyelitis. Aseptic meningitis is commonly
due to enteroviruses in children, and usually follows a benign course. Coxsackie A7,
A9, B1-6, echovirus 4, 6, 11, 14, 16, 25, 30, 31 are commonly involved. In the
hypogammaglobulinaemic chronic meningeal irritation or encephalitis can occur due to
chronic enteroviral infection. Enteroviral meningitis tends to be seasonal with a peak in
the summer months. Enteroviral encephalitis is uncommon and may or may not be
associated with meningitis. It is relatively benign although occasional neurological
sequelae can occur, including hypothalamic-pituitary damage33.
Enterovirus 71 appears to have a particular propensity for the central nervous system,
producing aseptic meningitis, acute flaccid paralysis or brain stem encephalitis34.
During outbreaks most cases occur in children under 5 years of age35. Hand, foot and
mouth disease can also be a feature of epidemics with a high rate of neurological
illness36.
The human parechoviruses 1 and 2, formerly echovirus 22 and 23, are more
commonly associated with diarrhoea and respiratory illness than with CNS disease37.
Cases of meningitis and encephalitis occasionally occur with these agents38.
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3.5.1 Diagnosis of Enterovirus Infection
Virus culture is relatively sensitive (50%) in enterovirus meningitis but increased
diagnostic yields can be obtained with rt-PCR testing6,17,39,40. Separate probes are
required for enterovirus and parechovirus detection38. Enterovirus IgM ELISA testing
of serum may support a diagnosis of recent enteroviral infection.

3.6

Epstein-Barr Virus

Encephalitis and meningitis are recognised as uncommon complications of glandular
fever41. Acute EBV accounts for 4 to 5% of infection-related neurological disease,
while reactivated EBV is reported to be an important cause of neurological
complications in paediatric patients42.

3.6.1 Diagnosis of EBV Encephalitis
Detection of EBV DNA PCR on CSF is diagnostic for CNS disease (provided there
has not been a traumatic tap). When quantitative PCR is done levels are relatively
high in both EBV CNS lymphoma and acute EBV encephalitis cases, and lower in post
infectious EBV-related syndromes such as Guillain-Barre syndrome, acute
demyelinating encephalitis and transverse myelitis43. Antibody studies on serum may
support a diagnosis of acute EBV encephalitis, for example when EBV VCA IgM is
positive and anti-EBNA negative.

3.7

Herpes Simplex Virus

Herpes simplex virus affects the CNS under several circumstances. In the rare
congenital herpes simplex infection CNS damage results from intrauterine herpes
encephalitis. This can occur at any gestational age44. In the neonatal period HSV
acquired from the mother peripartum may present as localised vesicles, encephalitis
with or without skin or mucosal involvement, and as disseminated HSV infection
involving the CNS and other organs44.
The mortality rate for untreated neonatal CNS disease is 50 to 80%. Survivors of
neonatal herpes encephalitis treated with aciclovir or vidarabine are more likely to
suffer neurological sequelae with HSV type 2 infection than with HSV type 145. MR
scanning frequently shows haemorrhagic lesions in the cerebral cortex in the infected
neonate46.
In sexually active individuals, the primary attack of genital HSV type 2 infection is not
infrequently associated with evidence of meningitis, particularly in women. Genital
lesions are however present only in a minority of cases of HSV type 2 meningitis47.
Although herpes simplex meningitis is usually self-limiting with spontaneous recovery,
severe cases can occur particularly in patients who are immunocompromised48.
Herpes simplex encephalitis is the most common cause of sporadic encephalitis,
affecting 1 to 4 per million population per year. Over 95% of cases are due to HSV
type 1, including both primary HSV infection and reactivation of latent HSV49. The
disease presents with a flu-like illness in the two weeks preceding the onset of
neurological symptoms. Lesions are characteristically in the temporal lobes50. Early
administration of aciclovir is crucial in improving outcome51.

3.7.1 Diagnosis of Herpes Simplex Meningitis and Encephalitis
A combination of detection of intrathecal production of antibody and PCR on CSF is
regarded as the most reliable diagnostic strategy52. In HSV encephalitis a second CSF
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sample for PCR is advised 14 days after treatment. If the HSV PCR is positive
retreatment is recommended. It should be noted that in the first few days after the
onset of HSV encephalitis CSF PCR may be negative in a significant number of
patients (over 25%). Quantitative PCR may have a role in assessing prognosis and
monitoring response to therapy53,54.
Introduction of HSV PCR has resulted in many atypical or mild cases being
recognised, particularly with HSV type 255.
In neonatal herpes encephalitis CSF HSV PCR has high sensitivity46,56. Further
sensitivity can be gained by testing blood as well as CSF by PCR56,57. HSV DNA
detected from neonatal dried blood spots may allow early diagnosis where symptoms
are vague58. Virus isolation or PCR from other sites such as skin vesicles, are also
relevant46.

3.8

Cercopithecine Herpesvirus

The cercopithecine herpesvirus 1 (monkey B virus) is enzootic among macaque
monkeys, in which it causes mild localised lesions and remains latent. Some 70% of
captive adult macaques carry B virus, which is shed periodically in urogenital
secretions, saliva and conjunctival fluid. Contact may result in vesicular lesions and
ascending acute demyelinating encephalomyelitis59. Case fatality rate from B virus
encephalitis is 50 to 70%60.

3.8.1 Diagnosis of Cercopithecine Herpesvirus 1
Virus culture has been regarded as the gold standard but is now being superseded by
PCR. A recently developed Taqman assay is twice as sensitive as culture61.

3.9

Human Herpesvirus 6 (HHV6)

The association of HHV6 with febrile convulsions in children under 2 years of age is
well recognised62.
HHV6 is also a cause of meningitis and encephalitis in patients who are
immunocompetent as well as patients who are immunocompromised63,64. In the bone
marrow transplant recipient, encephalitis presentation occurs between 10 days to 15
months (median 45 days) after transplantation. The predominant clinical features are
mental changes, with 25% of patients suffering from fits and headache, and 17% with
neurological focal changes. CSF cell count may be normal, and neuro-imaging is
seldom helpful65.

3.9.1 Diagnosis of HHV6 Encephalitis
Positive anti-HHV6 IgM serology in CSF is diagnostic. A fourfold rise in antibody in
serum supports the diagnosis but only reflects reactivation of virus. Virus culture from
CSF is insensitive, PCR from CSF is more appropriate63,66. Although interpretation
may require caution, given the reported high prevalence (over 30%) of latent virus in
brain detectable by PCR, it is doubtful whether HHV6 DNA is detectable in CSF
except in active CNS infection65,67.

3.10 Human Immunodeficiency Virus
Direct HIV infection of the CNS occurs in 10 to 50% of patients with AIDS, ultimately
producing dementia. Early signs are subtle such as reduced ability to concentrate,
progressing to apathy, motor symptoms such as weakness and clumsiness, and
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worsening cognitive function including memory loss. Multinucleated giant cells are the
pathognomonic feature in deep grey and central white matter68. HIV encephalitis may
be more common in drug users than in HIV-infected homosexuals69. The incidence of
HIV encephalitis, which had fallen with more effective therapy, has risen in recent
years perhaps due to longer survival and greater exposure of brain to HIV70. HIV
lymphocytic meningitis and HIV encephalitis can be found at various stages of HIV
infection and tend to develop before opportunistic infections70.

3.10.1 Diagnosis of HIV CNS Disease
Detection of HIV RNA in CSF is consistent with this diagnosis, in the presence of
compatible serum antibody findings71.

3.11 Influenza
Influenza A and B have been described in association with both acute and
postinfectious encephalitis. Incidence is believed to be low except in particular
epidemics72,73.
Young children are most affected. CSF protein and glucose levels are usually normal.
CSF white cell count may be normal or show lymphocytosis74.

3.11.1 Diagnosis of Influenza Encephalitis
Most cases have been diagnosed by positive CSF PCR for influenza A or B72,74.
Support may come from virus isolation, antigen detection or PCR on respiratory
secretions as well as from rising titres in CFT, HI or other serological assay.

3.12 Japanese Encephalitis
Japanese encephalitis (JE) is the most widespread of the arboviral encephalitides,
affecting rural areas of China (where over 20000 clinical cases are reported annually),
Japan, India, Pakistan eastern Russia, and the Philippines. It has been reported to
have spread south to the Torres Strait islands of Australia75.
JE is caused by a mosquito-borne flavivirus carried by Culex species mosquitoes.
Infection occurs in the summer months in the northerly areas involved but can occur
throughout the year in more southern areas. Children are most affected, and are much
more likely than adults to have fits. Most infections are asymptomatic60,76.

3.12.1 Diagnosis of Japanese Encephalitis
Detection of IgM antibody is the mainstay of diagnosis. This can be done by either
capture ELISA or particle agglutination assay. Both have high sensitivity but specificity
is less satisfactory because of cross reactivity with other flaviviruses77. Antigen
detection tests such as reverse passive haemagglutination and immunofluorescence,
as well as PCR detection are also available76.

3.13 JC Polyomavirus
JC virus, latent in most individuals from childhood, may be associated with chronic
meningoencephalitis and progressive multifocal leukoencephalopathy (PML) in
patients who are immunocompromised. The insidious onset of a central nervous
system illness should alert the clinician to the possibility of PML. Visual field defects
and mental impairment (ranging from subtle personality changes to dementia) are
typical. AIDS-associated PML progresses rapidly, with a median survival of 6
months78. Cerebral CT scanning may show hypodense, non enhancing white matter
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lesions without associated oedema. MRI scanning may show multifocal asymmetric
white matter lesions, particularly in the occipital and parietal lobes, without contrast
enhancement or mass effect.

3.13.1 Diagnosis of JC Polyomavirus Infection
Diagnosis of PML can be made on CSF by positive JC PCR with sensitivity estimated
at 75% and 98% specificity79,80. Diagnosis can also be made on a serum:CSF pair
demonstrating intrathecal production of JC antibody (97% sensitive,79% specific)81.

3.14 La Crosse Virus
This is the most prevalent North American arbovirus infection of children. Cases of
aseptic meningitis and encephalitis are seen mainly in school-age children76. It is
caused by a bunyavirus in the California encephalitis serogroup carried by the Aedes
triseriatus mosquito. Presentation can be very similar to herpes simplex – focal
seizures, focal signs, and focal EEG changes are common and found in up to 50% of
cases. Mortality in clinical cases is of the order of 10%. Neurological and intellectual
deficits are common in survivors. Differential diagnosis also includes partially treated
bacterial meningitis, as peripheral blood white cell count and CRP are often raised13.

3.15 Louping Ill
The only indigenous British arbovirus, louping ill disease affects mainly red grouse and
sheep, and can also affect cattle and goats. It is thought that there may be other
reservoirs such as the red deer and mountain hare in Scotland. It is a hazard group 3
pathogen. The louping ill virus is a flavivirus transmitted by the hard tick Ixodes ricinus,
the commonest tick in Northern Europe. Human cases are few and seldom fatal, but
should be considered in certain occupational groups in Scotland82.

3.15.1 Diagnosis of Louping Ill
Diagnosis is based on detection of rising haemagglutination-inhibiting antibody titres in
serum. Early in the illness the virus may be detected in anticoagulated blood by rtPCR.

3.16 Lymphocytic Choriomeningitis
This arenavirus infection contracted from exposure to the urine of chronically infected
rodents presents as a flu-like illness. Leukopenia followed by lymphocytosis is typical.
Coryza, retroorbital pain, anorexia and nausea are common and precede symptoms of
meningitis83.

3.16.1 Diagnosis of LCM
Diagnosis of LCM is usually demonstrated serologically with rising titres detected by
immunofluorescence, by ELISA IgG or by neutralisation. PCR has been used to
examine CSF but confirms that the incidence of LCM is currently very low84.

3.17 Measles
Measles causes three types of encephalitis, postinfectious encephalitis 5 to 14 days
after the rash, progressive infectious encephalitis 3 to 6 months after the initial
infection and subacute sclerosing panencephalitis (SSPE) 5 to 10 years after the initial
infection19. Postinfectious encephalitis is an autoimmune response characterised by
perivascular inflammation and demyelination. Clinical features are abrupt onset of
Clinical Guidance | G 4 | Issue no: 2.3 | Issue date: 03.03.14 | Page: 17 of 31
UK Standards for Microbiology Investigations | Issued by the Standards Unit, Public Health England

Investigation of Viral Encephalitis and Meningitis
fever, with seizures and multifocal neurological signs19. The incidence is about 1 in
1000 cases of measles and there is a 10 to 20% death rate.
Progressive infectious encephalitis occurs in children who are immunodeficient or
immunosuppressed and is due to uncontrolled measles virus replication. This is
evidenced by the presence of intranuclear and intracytoplasmic inclusion bodies in
glial cells and neurons. There is a generalised progressive neurological deterioration.
SSPE occurred at a rate of 1 per million per year but its incidence has fallen with
widespread measles vaccination. Measles vaccine virus rarely causes SSPE. It is
more likely to follow natural measles infection in children under 2 years of age. Some
5 to 10 years after the attack of measles mental deterioration starts to occur, with
rapid deterioration marked by blindness and akinetic mutism. Myoclonus is a feature.
SSPE is due to the presence in the brain of a defective virus. Defects in M protein
and/or membrane-associated F or H proteins may destabilise envelope maturation
and lead to failure of immune surveillance19. Treatment with intraventricular interferon
plus IV ribavirin may be of benefit85.

3.17.1 Diagnosis of Measles Encephalitis
Serology, particularly detection of IgM by ELISA is sensitive and supports the
diagnosis of measles encephalitis in the appropriate context86. Oral fluid can be used
for detection of measles IgM and of virus by rt-PCR with over 90% sensitivity, while
virus can be detected by rt-PCR in urine for some 5 weeks after infection87. SSPE is
diagnosed by demonstrating intrathecal production of measles IgG antibody.

3.18 Mumps
Meningitis commonly occurs in mumps infection, but has a benign course with
recovery in a few days. In 50% of cases of mumps there is a CSF pleocytosis.
Symptoms and signs (headache, vomiting, neck stiffness) occur in 5 to 30% of mumps
cases. Meningitis usually follows parotitis but may occur in its absence. The CSF cell
count may have a polymorph predominance on the first day and CSF glucose level is
sometimes low88. Mumps encephalitis is uncommon, perhaps 0.1% of cases of
mumps, but the rate of long term sequelae is relatively high89.

3.18.1 Diagnosis of Mumps Meningitis and Encephalitis
Traditional serological assays such as CFT for mumps ‘S’ and ‘V’ antigens have
largely been replaced by ELISA assays for IgG and IgM. Isolation of mumps virus from
saliva or throat swab is quite sensitive (>95% using shell vial culture in Vero cells) in
the first 7 to 10 days of illness, after that urine culture is more satisfactory90. Direct
immunofluorescent antigen detection can give similar high yields90. Oral fluid can be
used for both serodiagnosis by IgM detection and, particularly early in infection, virus
detection by rt-PCR91. Sequence analysis may be required to differentiate vaccine
virus from wild type virus when mumps is detected by PCR92.

3.19 Murray Valley Encephalitis
Originally described in South Eastern Australia, Murray Valley Encephalitis (MVE) is
now well recognised throughout Australia but particularly in the Northern Territory and
Western Australia93.
It is caused by a mosquito-borne flavivirus, maintained through a cycle involving birds
and the mosquito Culex annulirostris. The infection is more prevalent after high rainfall
and flooding.
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3.19.1 Diagnosis of Murray Valley Encephalitis
A four-fold rise in serum MVE antibody titres (eg neutralising antibody titres) in the
absence of Kunjin, JE or dengue antibodies supports the diagnosis. A more definitive
diagnosis can be made by detecting flavivirus IgM in CSF by isolation or rt-PCR.

3.20 Nipah Virus
The Nipah virus, a paramyxovirus related to Hendra virus, was found to be the
aetiological agent of an outbreak of severe encephalitis among pig farmers in
Malaysia in 1998, and of cases the following year in Singapore and Malaysia
associated with pigs. The outbreak ended after the culling of more than 1 million pigs
in Malaysia and the banning of export of pigs from that country. Pigs are probably
infected by food contaminated with the saliva and urine of flying foxes (fruit bats), the
main natural host94. Over 90% of patients have had direct contact with pigs, so the
majority of cases have occurred in adult males95. The main features at presentation
are fever and headache, with 55% having reduced level of consciousness and
evidence of brain stem involvement (myoclonus, areflexia, hypotonia, hypertension,
tachycardia)96. The mortality rate has been reported to be as high as 32%. Of the
survivors 22% had persistent neurological deficits, and 19% had a clinical relapse.
Treatment with ribavirin may be of benefit97.

3.20.1 Diagnosis of Nipah Virus Infection
Diagnosis of Nipah virus can be made by virus isolation in Vero cell culture which
gives rise to the formation of syncytia. Diagnosis by rt-PCR has also been used.
Serological diagnosis is based on ELISA IgG66.

3.21 Omsk Haemorrhagic Fever Virus
See Tickborne encephalitis.

3.22 Parechoviruses
See Enteroviruses and parechoviruses.

3.23 Parvovirus B19 (Erythrovirus)
The detection of parvovirus B19 DNA in CSF from about 4% of cases of
meningoencephalitis has been described during an epidemic period for parvovirus
B1998.
Parvovirus B19 DNA may persist in CSF, blood and brain samples99,100.

3.23.1 Diagnosis of parvovirus B19 infection
Support for a diagnosis of parvovirus B19 encephalitis comes from finding parvovirus
IgM in serum by ELISA, while definitive evidence comes from detection of parvovirus
DNA by PCR and detection of parvovirus B19 IgM in CSF specimens98.

3.24 Rabies
Rabies is an acute progressive fatal encephalitis caused by a lyssavirus. It is
transmitted to humans via the saliva of infected mammals, usually as a result of a bite.
Dogs are the principal reservoir and vector. Foxes, coyotes, jackals, mongooses and
skunks are also important wild reservoirs. Bat rabies has become increasingly
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recognised worldwide including Britain. There are 6 bat-associated lyssaviruses which
are known to cause rabies101.
After an incubation period usually of 1 to 2 months (but which can be more than a
year), an acute neurological illness develops which progresses to paralysis, coma,
and death.

3.24.1 Diagnosis of Rabies
Several tests should be used to attempt to diagnose rabies in a suspected case. In the
UK the only laboratory accredited to undertake rabies diagnostic work is the
Veterinary Laboratories Agency, New Haw, Addlestone, Surrey (telephone
+44(0)1932 341111). Examination with fluorescent antibody to rabies antigen of the
cutaneous nerves at the base of hair follicles in skin biopsies from the nape of the
neck is rapid but insensitive. Virus isolation and rt-PCR (amplifying from the
nucleoprotein gene) can be employed on saliva and on skin biopsy, with the latter
being a more sensitive and rapid method102,103. Rabies antibodies can be looked for in
CSF and serum samples.

3.25 Rotavirus
The association of gastroenteritis in children with seizures has been described and
although they are associated less with rotavirus diarrhoea (<4%) than with bacterial
gastroenteritis (7%), rotavirus RNA has been detected in CSF in a number of cases. It
remains uncertain as to whether rotavirus can cause encephalitis104.

3.26 Russian Spring-Summer Encephalitis
See tickborne encephalitis.

3.27 Tickborne Encephalitis (TBE)
This flavivirus infection occurs across central, northern and eastern Europe and is
transmitted by hard ixodid ticks.
Cases occur in Austria, Belarus, Bulgaria, Croatia, Czech Republic, Estonia, Finland,
Germany, Hungary, Italy, Latvia, Lithuania, Poland, Romania, Slovakia, Slovenia,
Sweden, Switzerland, Ukraine and also on Bornholm105. This European type TBE,
transmitted by Ixodes ricinus ticks, is seasonal with peak incidence from May to
September. Tickborne encephalitis is a biphasic illness. An initial viraemic phase, with
headache, fever, malaise, is followed by an asymptomatic period lasting about 8 days.
Presentation of CNS symptoms then follows in 20 to 30% of infected individuals106.
The Far Eastern type of TBE, Omsk haemorrhagic fever, occurs mainly in muskrat
trappers in the Siberian regions of Omsk, Novosibirsk, Kurgan and Tjumen. It is
categorised as a hazard group 4 pathogen and has caused several cases in
laboratory workers. In the field it may be transmitted to man directly from muskrats
and virus-contaminated water as well as via the ticks Dermacentor reticulates,
Dermacentor marginatus, Ixodes persulcatus. It begins with chills, fever, headache,
pain in lower and upper extremities, and severe prostration. There is usually a rash on
the soft palate, as well as cervical lymphadenopathy and conjunctival injection,
progressing to CNS abnormalities in 1 to 2 weeks. In severe cases haemorrhage
occurs due to thrombocytopenia, with a death rate of 1 to 10%.
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3.27.1 Diagnosis of Tickborne Encephalitis
IgG ELISA assays and haemagglutination-inhibition assays are useful screening tests
but specificity can be low due to cross reactivity among flaviviruses (including
vaccination against yellow fever)107. Neutralisation assays may be required to confirm
the flavivirus responsible for antibody reactivity108,109.
Intrathecal production of IgG against TBE is somewhat unreliable for diagnosis110. A
positive CSF IgM is reliable for diagnosis of TBE. PCR and virus culture in Vero cells
are positive early in the infection from blood but are not usually present when CNS
features develop. Serum IgM antibodies may persist for some 10 months106.

3.28 Varicella Zoster
In some series VZ virus is more common than herpes simplex or enteroviruses in
suspected viral CNS infection, for meningitis, myelitis and encephalitis111.
VZ infections often appear without a rash. Varicella zoster encephalitis is a
vasculopathy107.
Large vessel VZ encephalitis affects individuals who are immunocompetent and
results in stroke weeks or months after zoster infection. Small vessel VZ encephalitis
affects patients who are immunocompromised eg patients suffering from AIDS,
transplant recipients, and may follow zoster infection weeks or months later or may
occur in the absence of any skin lesions. A subacute or chronic progressive
encephalitis ensues characterised by headache, fever, vomiting, mental changes
leading on to hemiplegia, aphasia, visual field deficits and death112.
Demyelinating lesions may be seen in the white matter of the MRI scan of the brain113.

3.28.1 Diagnosis of Varicella-Zoster
Both PCR on CSF and antibody testing for VZ IgG and IgM (using ELISA or similar
immunoassays) on both serum and CSF should be carried out in cases of CNS
disease believed to be associated with VZ 112.
Similar tests should also be done to exclude herpes simplex. In encephalitis
associated with chickenpox VZ PCR is more likely to be positive in children, in 33% of
cases. In this group 20% had VZ IgM detected in CSF, 66% had serum VZ IgM, and
only 5% had evidence of intrathecal VZ IgG production113.
Intrathecal production of VZ IgG gave a greater diagnostic yield in encephalitis
associated with shingles (56%) than did PCR (34%), with IgM detectable in serum in
36% of patients67. Positive findings in serum alone, such as IgM or rising antibody
titres, can support but cannot confirm a diagnosis of CNS VZ infection. Similarly
detection of virus by culture, IF, EM or PCR from skin sites or saliva can lend support
to the diagnosis114.

3.29 West Nile Fever (WN)
This flavivirus infection is very widely distributed across Africa, Asia, the Middle East
and Europe115.
Wild birds, which have a prolonged viraemia, are the principal hosts. Large outbreaks
have occurred in recent years in Romania, Israel, and Russia. Infection has spread to
the USA, where cases were first recognised in New York in 1999116. The virus is now
disseminated widely across the USA. Most human infections are subclinical.
Symptoms occur in about 20% of cases, typically high fever of sudden onset,
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headache, fatigue, arthralgia, myalgia and rash. These last 3 to 6 days. Although
severe neurological disease occurs in only about 1 in 150 cases, principally in those
over 50 years of age, CNS disease is the most common reason for hospitalisation with
WN infection115. Among those hospitalised in the Israeli epidemic in the year 2000
58% of patients had encephalitis, 19% meningitis and 14% died. All patients were
elderly. The fatality rate reached 29% in those over 70 years of age117. It is interesting
to note that outbreaks in horses are characterised by high death rates from
neurological disease118.
The virus is transmitted by mosquitoes, mainly bird-feeding species of the genus
Culex. Transmission appears to have occurred to three of four recipients of organs
transplanted from an infected organ donor119.

3.29.1 Diagnosis of West Nile Fever
Detection of West Nile Virus IgM antibody by capture ELISA (MAC-ELISA) is the
preferred test for CSF and for serum. IgM antibody is detectable in 90% of sera taken
within 8 days of onset of symptoms and in 95% of CSF samples from infected
individuals116,120. IgM to flaviviruses can persist for over 6 months, so in endemic
areas it may be important to confirm recent infection by comparing neutralising
antibody levels on paired sera116. Cross reactivity occurs with other flaviviruses
including St Louis encephalitis, yellow fever and Japanese encephalitis. The plaque
reduction neutralisation assay may be needed to differentiate infection or vaccination
with other flaviviruses. The positive-negative absorbance ratio can however often give
satisfactory differentiation on a single serum121. Virus culture gives low yields and
PCR for West Nile virus is positive in less than 55% on CSF and 10% of serum
samples116.

4

Safety Considerations

4.1

Safe Handling of Specimens

Laboratories must take suitable safety precautions when handling CSF specimens.
Basic precautions should be taken to minimise exposure to CSF samples, especially if
the possibility of a transmissible spongiform encephalopathy cannot be excluded.
Laboratory policies that take into account the local risk assessments for transmissible
spongiform encephalopathy may dictate that the use of a microbiological safety
cabinet should be used when dispensing the specimen. Refer to Clinical Guidance G
1 - Microbiological Examination of CSF that contain Agents of Spongiform
Encephalopathies.
For additional details refer to, “Transmissible spongiform encephalopathy agents: safe
working and the prevention of infection. Guidance from the Advisory Committee on
Dangerous Pathogens and the Spongiform Encephalopathy Advisory Committee”.
Viruses associated with viral encephalitis fall into Hazard Groups 2, 3, and 4. Of
viruses endemic to the UK most are in Hazard Group 2, but higher levels of
containment must be considered when encephalitis has been acquired abroad. Refer
to Table II and to, “Categorisation of biological agents according to hazard and
categories of containment HSE Books. 4th edition,1995.”

Clinical Guidance | G 4 | Issue no: 2.3 | Issue date: 03.03.14 | Page: 22 of 31
UK Standards for Microbiology Investigations | Issued by the Standards Unit, Public Health England

Investigation of Viral Encephalitis and Meningitis
Classification of viral agents of CNS disease
Hazard Group 2

Hazard Group 3

Hazard Group 4

Enteroviruses

LCM

Nipah

Herpesviruses other than herpes
simiae

Flaviruses including dengue,
Japanese encephalitis, Murray Valley
encephalitis, St Louis encephalitis,
West Nile fever

Russian Spring-Summer
encephalitis

Mumps

Herpes simiae

Omsk haemorrhagic fever

HIV
Rabies

Alphaviruses including Eastern
equine encephalitis, Western equine
encephalitis, Venezuelan encephalitis

Tickborne encephalitis, louping ill

4.2

Specimen Collection Transport and Storage

Samples should ideally be transported as soon as possible, usually to a Specialist
Virology Centre. Packaging should conform to the UN 650 requirements and IATA
Dangerous Goods Regulations (9th edition) if posted or sent via Hays DX.

4.2.1 Cerebrospinal Fluid
CSF should be collected by lumbar tap into sterile containers. It is essential that CSF
is sent for cell count, bacteriology studies and biochemistry as well as for virology.
CSF may be stored at +4°C if delays in processing for virus culture or viral PCR will be
less than 24 hours. If greater delays are likely CSF should be frozen at –80°C, while
clotted blood samples should be separated and the serum stored at –20°C. Refer to B
27 - Investigation of cerebrospinal fluid.

4.2.2 Serum
Clotted blood 7 to 10mL, should be collected by venepuncture for serology,
particularly IgM assays. Serum can also be used for enterovirus PCR and parvovirus
B19 (erythrovirus) PCR.

4.2.3 Plasma
EDTA-anticoagulated blood 5mL should be collected into sterile tubes by
venepuncture. EDTA-anticoagulated whole blood is suitable for PCR assays,
especially herpesvirus assays, eg HSV in neonatal CNS disease, CMV and EBV in
patients who are immunocompromised.
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4.2.4 Brain Biopsy
Brain specimens should be collected unfixed into a sterile container. Brain smears can
be used for viral antigen detection by immunofluorescent antibody staining, and for
electron microscopy with negative staining. Emulsified brain tissue is suitable for
tissue culture and after proteinase K treatment for PCR.

4.2.5 Swabs
Swabs when taken should be put into virus transport medium. Suitable swabs include
throat swabs for a range of virus cultures and PCR.

4.2.6 Faeces
Faeces should be collected for enterovirus culture into clean containers.

4.2.7 Urine
Ten to 20ml of urine should be collected into sterile containers (without preservatives)
for mumps virus culture and mumps PCR.

4.3

Referral to Reference Laboratories

Samples of CSF and serum from patients suspected of having arbovirus infection
should be referred to the Public Health England, Porton Down, Wiltshire. At least
500µl of serum should be sent for antibody tests. Urine, CSF, and throat swab in virus
transport medium for mumps virus PCR should be referred to the Enteric, Respiratory
and Neurological Virus Laboratory, Public Health England, Colindale, London.

4.4

Reporting to PHE122

Any virus causing meningitis or encephalitis, as well as cases of HIV, measles,
mumps, rabies and viral haemorrhagic fevers should be reported to the PHE Health
Protection Service, Colindale. Guidance on reporting can be found in the August 2010
document “Reporting to the Health Protection Agency”. This can be accessed via the
internet at:
http://www.hpa.org.uk/web/HPAweb&HPAwebStandard/HPAweb_C/1195733783356.
Acute encephalitis, acute viral meningitis, as well as measles, mumps, rabies, and
viral haemorrhagic fevers are all notifiable diseases under the Public Health
(Infectious Diseases) Regulations 1988 and should be notified to the Proper Officer,
usually the local CCDC.
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