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Abstract 
Background 

The incidence of bacterial meningitis is decreasing due to vaccination and, as a consequence 

viral meningitis is growing in relative importance. At the same time in many patients with 

meningitis a cause is never found. In the UK, most work has focused on meningitis in children, 

and adult disease has been comparatively poorly studied. There is a need to understand more 

about the aetiology of meningitis in UK adults. 

Methods 

I carried out a prospective multicentre observational study to describe the incidence and 

aetiology of meningitis in UK adults. I then conducted semi-structured interviews with both 

doctors and patients to understand the processes involved in making a diagnosis in patients 

with suspected meningitis.  Finally, I undertook a systematic diagnostic approach using 

molecular methods to attempt to determine the aetiology in undiagnosed cases. 

Results 

Enteroviruses were the most common viral cause (55%), where a pathogen was identified, 

and herpes viruses were responsible for 44% of cases. 42% of cases had no cause identified.  

Patients without an identified aetiology had a longer duration of symptoms, longer hospital 

stays, and unnecessary antiviral drugs. Using various diagnostic scoring systems I estimated 

approximately 25% of these patients might have bacterial meningitis and 75% viral. One of 

the key factors influencing whether a cause was found or not was whether specific diagnostic 

tests were performed. Interviews showed that a specific aetiological diagnosis was important 

to both patients and doctors alike. The process of diagnosis in acute medical conditions may 

contribute to the lack of diagnostic refinement in cases of meningitis. Finally, I showed that 

by optimising molecular laboratory methods and testing for a panel of specific pathogens the 

diagnostic yield could be increased marginally, by 3%.   

Conclusion 

A substantial number of patients with meningitis do not have a pathogen identified. By 

understanding the sociological processes involved in diagnosis the number of patients having 

specific diagnostic tests might be increased. However, by testing all patients for several 

pathogens the diagnostic yield was increased only very slightly. To understand the aetiology 

in these cases we need to better understand the epidemiology and risk factors, expedite our 

current diagnostic process and develop newer methods of diagnosis. 
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Chapter 1 - Introduction 
 

1.1 Overview 

Globally meningitis is a major cause of mortality and morbidity. It is in the top 25 causes of 

mortality worldwide.1 However, despite this the incidence of bacterial meningitis has 

reduced dramatically in recent years, largely due to the impact of conjugate vaccines against 

Haemophilus influenzae type B, Neisseria meningitidis and Streptococcus pneumoniae.2-4 

Viral meningitis is also an important cause of meningitis, numerically. Due to the reduction 

in bacterial meningitis and improvements in viral diagnostics, viral meningitis is increasingly 

being recognised and is the most common form of meningitis seen in adults, at least in the 

Western world.5,6   

Even within bacterial and viral meningitis the aetiology is constantly changing, either due to 

natural shifts in the dominant species or due to the pressure of vaccination. In pneumococcal 

disease as vaccines have been introduced different, non-vaccine, serotypes have become 

predominant. In viral meningitis mumps, which used to be the commonest cause of viral 

meningitis, is now rarely seen. In the same time period other new and emerging viruses are 

seen as common causes of meningitis in some parts of the globe, such as, West Nile virus and 

Toscana virus.7-9 Enteroviruses and herpes viruses are often the commonest causes of viral 

meningitis and even within Europe there is variation in the epidemiology. In southern Europe 

enteroviruses have been reported as the most common cause by far, whereas in Scandinavia 

some have reported herpes viruses as the predominant pathogen.10-12 

It is on this background of change and uncertain aetiology that I have undertook this PhD. To 

understand the incidence and aetiology of meningitis in UK adults will allow for better 

understanding of the disease burden in this population. This is important for the individual 

physician when faced with a patient with suspected meningitis but also important for the 
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bigger picture. It will help provide a basis to guide future investment and research especially 

with regard to treatments and vaccination strategy. 

1.2 Meningitis – epidemiology, clinical features and management 

1.2.1 Classification of meningitis 

Meningitis occurs as a result of inflammation of the meninges - the membranes that surround 

the brain and spinal cord. There are many causes of meningitis, the most common are 

infections.13,14 Non-infectious causes include autoimmune conditions, cancers and drug 

reactions. Bacterial meningitis is often what lay people think of when the word meningitis is 

mentioned, and in particular meningococcal meningitis, but viruses are the predominant 

cause of meningitis, at least in the Western world.5,6,15-17 As the incidence of bacterial 

meningitis has been reducing in recent years, secondary to widespread vaccination, viral 

meningitis has been growing in relative importance. As well as viral and bacterial causes 

other infectious causes include fungal meningitis – often in immunocompromised patients – 

and parasitic meningitis. Table 1.1 shows the different infectious causes of meningitis and 

some associated risk factors.  

Meningitis is just one of many neurological infections. Pathologically speaking meningitis is 

inflammation of the meninges without involvement of the brain. If there is inflammation of 

the brain parenchyma itself this is termed encephalitis. Due to the inherent risks neither will 

be commonly diagnosed pathologically pre-mortem and so, in practice it is sometimes 

difficult to separate the two, especially in the very young or in those with severe bacterial 

meningitis who may also present with a septic encephalopathy. An encephalopathy is a 

clinical state of altered consciousness with or without inflammation of the brain tissue 

itself.18 The term meningoencephalitis is often used to encompass people who present with 

symptoms and signs of both meningitis and encephalitis. 
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Table 1.1 Infective causes of Meningitis and key aetiological considerations 

Bacteria Considerations 

Streptococcus pneumoniae More common in older patients. Worst prognosis. May be associated with upper respiratory tract infection or infection at another distant site e.g. pneumonia 

Neisseria meningitidis Common in young children and adolescents. Incidence decreasing following vaccination.  

Haemophilus influenzae Previously type B was a major cause of meningitis but this has reduced considerably following vaccination. There is a growing recognition of non-type B 

cases however. 

Group B Streptococcus Commonest cause of neonatal meningitis 

Listeria monocytogenes Consider in very young, older adults and immunocompromised including those with diabetes and alcohol excess 

Escherichia coli Cause of neonatal meningitis. Also occurs in older patients. 

Staphylococcus aureus Rare as a cause of community acquired meningitis but common in nosocomial infection such as following neurosurgery.  

Mycobacterium tuberculosis Consider in those with epidemiological risk factors such as immunocompromise or an appropriate travel history 

Borrelia burgdorferi Consider in those with epidemiological risk factors. 

Viruses   

Enterovirus Often the most common cause of viral meningitis in both adults and children. Can be responsible for severe manifestations depending on type. Can cause 

chronic meningitis in immunocompromised 

Herpes simplex virus type 2 Much more commonly associated with meningitis as opposed to HSV-1 which is more commonly associated with encephalitis. Often have no genital lesions 

either currently or in the past. Probably the most common cause of recurrent lymphocytic meningitis 

Varicella zoster virus Often occurs in the absence of a rash. Can be associated with primary infection, reactivation or vaccination 

HIV A lymphocytic meningitis may occur as part of a seroconversion illness 

Toscana virus The commonest cause of viral meningitis in parts of the Mediterranean. Transmitted by the sandfly. 

Tick Borne Encephalitis virus The most common manifestation of TBEV is meningitis, as opposed to encephalitis. Occurs in central and Eastern Europe as well as parts of Northern Asia. 

West Nile virus Also commonly presents as meningitis. Occurs in North America as well as other tropical areas of the world 

Fungi   

Cryptococcus neoformans A common opportunistic infection found in patients with advanced HIV and other causes of immunocompromise 

Parasites   

Naegleri fowleri Abundant globally occurring following visits to warm, fresh or brackish water 
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1.2.2 Incidence of meningitis 

Very few studies look at the whole cross section of patients who present with meningitis. As 

a result the incidence of all causes of meningitis is uncertain. There are many more studies 

looking specifically at bacterial meningitis or viral meningitis – normally only including proven 

cases. In reality there is always a high proportion of cases where no pathogen is identified. 

Often these cases are assumed to be viral although no virus is identified. The percentage of 

cases that don’t have a cause found can vary between 34 and 74% depending on the 

diagnostics used.10,11,15,16,19-21 

Globally bacterial meningitis is a major cause of mortality and morbidity.1 In Western 

settings, the incidence is relatively low at 1-2 cases per 100,000 population but it can be as 

high as 1,000 cases per 100,000 in the Sahel region of Africa.3,22,23 A huge reduction in 

incidence has been seen over the last few decades, largely secondary to the introduction and 

widespread use of childhood vaccines against the main pathogens, Streptococcus 

pneumoniae, Neisseria meningitidis and Haemophilus influenzae.2,3,23-25 Despite evidence of 

herd immunity much of the reduction in incidence and mortality has only been in 

children.2,3,26 Globally there has been a 43% decrease in neonatal mortality and a 54% 

mortality reduction in children aged between one and 59 months.1 For anyone over five 

years, the reported number of deaths globally only reduced by 2·7% between 1990 and 

2013.1  

There have been few studies looking at trends in viral meningitis. A large study from the USA 

examined all meningitis associated hospitalisations from 1988 to 1999 and showed no overall 

change in the rates of hospitalisation due to viral meningitis over that period.17 Viral 

meningitis accounted for 50% of all meningitis related hospital admissions (92% of which 

were coded as ‘viral meningitis – unspecified’). Additionally 18% did not have a specific 

diagnosis. This study used clinical coding data to identify cases and many cases did not have 
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a specific viral pathogen identified, therefore, many of the cases of viral meningitis were 

‘assumed’. In contrast a more recent laboratory study from England, looking only at proven 

viral causes of meningitis (and encephalitis), has identified a 7-fold increase in viral meningitis 

and encephalitis reports between 2004 and 2013.27 The incidence was highest in the under 

1’s. Outside this age group viral meningitis/encephalitis most commonly occurred in young 

adults at 4.17 cases per 100,000 in the 15-44 years age group. This study was limited by the 

fact that it did not differentiate between meningitis and encephalitis and only included cases 

where a pathogen was identified. These two studies highlight the limitations of the most 

commonly used strategies to look at trends in meningitis – using coding data gives a large 

amounts of data but lacks corresponding clinical and diagnostic data, using laboratory 

confirmed cases means the large number of cases where no pathogen is identified will be 

missed and also often lacks clinical information. The ideal study design would be a 

prospective cohort study. 

1.2.3 Pathogenesis 

For all pathogens, infection of the central nervous system is rare. Infection is prevented and 

limited by the host’s mechanical barriers as well as the immune response.  All microbes that 

are capable of causing meningitis must penetrate these barriers and spread to the CNS. 

Viruses that cause meningitis do not colonise the body although they may remain dormant 

after initial infection. Herpes simplex virus (HSV) usually enters the host during initial 

infection via the mucous membranes of the oropharyngeal or genital areas – this is frequently 

asymptomatic. These membranes are often moist, with an outermost layer of living, dividing 

cells that facilitates entry of the viruses. In contrast enteroviruses gain access via the faeco-

oral route and are largely swallowed into the intestine, encountering gastric acids and 

proteolytic activity. In this harsh environment, the outer capsid proteins of the virus help to 

ensure its survival.  
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Once the viruses gain entry they must evade host phagocytic and other immune cells and 

gain access to the brain via the blood-brain barrier (BBB). HSV circumvents the BBB by entry 

into peripheral nerve endings followed by axonal transport into the ganglia of the CNS where 

they establish latency.28 HSV-2 may also be spread haematogenously following viraemia 

during primary infection.29,30 In enteroviral infection they cross the intestinal lining from the 

gastrointestinal tract and replicate in the Peyer’s patches.31 This is followed by a viraemia and 

seeding of the central nervous system. Certain viruses such as HIV can be transported across 

the BBB inside infected leukocytes, this is called the ‘Trojan horse’ mechanism.32  

One of the most important pathogenic mechanisms expressed by the herpes viruses is their 

ability to establish latency in infected cells. HSV types 1 and 2, and VZV are collectively known 

as the alpha herpes viruses and express an affinity for the nervous system, where they 

establish their latency. The beta herpes viruses (CMV, HHV-6 and HHV-7) establish latency in 

leukocytes and the gamma herpesviruses (EBV and HHV-8) establish latency in B 

lymphocytes. During latency, viral transcription and protein production inside the host cell 

almost completely ceases. It is believed that this lack of viral protein production assists the 

virus to evade immune detection. At some point, the mechanisms of which are still not clearly 

understood, the virus is triggered to reactivate.33,34 

Once infection is established in the CNS inflammatory cells, including neutrophils and 

cytotoxic lymphocytes specifically targeting the infecting virus, accumulate in the meninges 

and surrounding subarachnoid space. Mouse models have shown leukocyte accumulation is 

triggered via chemokines.35 Leukocyte infiltration is accompanied by the release of 

inflammatory cytokines such as IL-1, IL-6, and tumour necrosis factor (TNF), as well as local 

immunoglobulin production by plasma cells.36,37  

The pathogenesis of community acquired bacterial meningitis can be broadly divided into 

four main processes: colonisation, invasion into the blood stream, survival in the 
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bloodstream and, entry into the subarachnoid space. The subsequent inflammation and 

neurological damage is caused by a combination of bacterial and host factors.   

Many meningitis-causing bacteria initially colonise the mucous membranes of the upper 

respiratory tract e.g. pneumococcus, meningococcus and Haemophilus. Colonisation involves 

a combination of the bacteria adhering to the cell surfaces and avoiding the host’s defence 

mechanisms. Many organisms have fimbriae (a fringe) or pili (hair-like appendages) which 

assist in their attachment to the epithelium.  The main requirement for meningococcal 

adhesion is the type IV pili.  The type IV pili adhere via various receptors including the platelet 

activating factor receptor, beta 2 adrenoceptor receptors and CD147.64, 65 The meningococcal 

outer membrane proteins, including lipopolysaccharide and the opacity proteins, OpA and 

OpC, may also contribute to the maintenance of adhesion.38,39 Three main receptors have 

been proposed for pneumococcal adhesion to epithelial surfaces – the platelet activating 

factor receptor, laminin receptors and the polyimmunoglobulin receptor.  

Invasion into the blood stream occurs either transcellularly (passing through the cells) or 

pericellularly (between cells).85 Pneumococci utilise both these methods via receptors such 

as the platelet activating factor receptor or the pneumococcal choline binding receptor.40  

Meningococci are transported across the epithelial cells in phagocytic vacuoles.41 Survival in 

the bloodstream requires evasion of the immune system. Meningococci utilise factor H 

binding protein, a lipoprotein responsible for dysregulation of the complement pathway and 

Por A, an outer membrane protein, to evade complement.42,43  

Most cases of bacterial meningitis probably occur following bacteraemia but the high 

incidence of pneumococcal meningitis in patients with sinusitis and otitis media suggest 

direct spread to the central nervous system may also occur.44 This possibility is supported by 

mouse models showing pneumococcal meningitis after respiratory infection without blood 

stream involvement.45 Direct entry from the nose through dural defects is also possible. 
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Due to a lack of host defences in the subarachnoid space, bacteria can multiply relatively 

unhindered. Bacterial components are recognised by pattern recognition receptors, present 

on microglia and other brain cells. A cascade of events is then triggered that ultimately leads 

to the release of pro-inflammatory mediators such as TNFD, IL-6 and IL-1β. Many of these 

are released in greater quantity in pneumococcal disease compared with other organisms 

and may account for the worse prognosis associated with pneumococcal meningitis.46 

Following the release of the cytokines, granulocytes cross the BBB and it becomes more 

permeable.  Bacterial lysis occurs in response to antibiotics or, in the case of pneumococci, 

when the bacteria reach the stationary growth phase (autolysis). Lysis leads to the release of 

pro-inflammatory agents, such as lipopolysaccharide, lipoteichoic acid and peptidoglycans, 

from the cell wall of the bacterium which augments the inflammatory process.47   

Neutrophils have been implicated in much of the neurological damage found in bacterial 

meningitis and MRP-14, a protein expressed in myeloid cells, has been found in the CSF of 

patients with pneumococcal meningitis; inhibition of MRP-14 led to improved outcome in a 

mouse model.48 Matrix metalloproteinases (MMPs) are released by white cells in the CSF. 

They are seen very early in infection and aid the release and activation of pro-inflammatory 

cytokines, the degradation of extracellular matrix components, and the recruitment of 

further leukocytes into the subarachnoid space. As with other inflammatory mediators, the 

levels of MMP-9 are especially high in pneumococcal meningitis.46 

Figure 1.1 shows the pathogenesis of bacterial meningitis schematically. 
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Figure 1.1 Mechanistic pathways in the pathogenesis of bacterial meningitis. Taken from McGill 
et al; The Lancet. 2016 
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1.2.4 Aetiology 

Viral meningitis can be caused by many viruses but the majority of cases are caused by 

members of relatively few virus families. Herpes viruses and enteroviruses account for most 

cases. Normally enteroviruses are the predominant cause of viral meningitis in both adults 

and children10,27. However, in some cohorts herpes viruses have accounted for the majority 

of cases11,12. One study in particular had a very large number of cases of VZV meningitis,12 

although this seems to be the exception rather than the rule. HIV is an important, and often 

missed, cause of meningitis. It can be a cause of meningitis, especially during seroconversion, 

but it is also a risk factor for meningitis.49,50 There are several significant arboviral causes such 

as Toscana virus, tick borne encephalitis virus and West Nile virus which are establishing 

themselves in new geographical areas.  

The pneumococcus is the commonest cause of bacterial meningitis in adults in much of the 

world.2,3,44,51 There are over 90 antigenically different serotypes of S. pneumoniae as 

determined by the polysaccharide capsule - the target for all currently licensed vaccines. 

Different serotypes can correlate with different phenotypes and outcome of disease.52-54 55 

Pneumococcal conjugate vaccines (PCV) have been used for the last 15 years.  PCV7 targeted 

seven pneumococcal serotypes and more recently PCV10 and PCV13 (covering ten and 

thirteen serotypes respectively) were licensed in the US and Europe.   The polysaccharide 

vaccine, PPV23, covers 23 serotypes. The conjugate vaccines are given to children but also 

produce substantial herd immunity in non-vaccinated individuals. Recent large studies have 

shown dramatic reductions of disease caused by vaccine serotypes in both vaccinated and 

unvaccinated populations.56-59 

Since conjugate vaccines were first introduced serotype replacement has been observed. 

This is an increase in the incidence of disease and/or asymptomatic carriage caused by non-

vaccine serotypes60-63.  Despite this, the overall incidence of invasive pneumococcal disease 
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has dropped.  A meta-analysis from Europe, the Americas and Australia confirmed a 

sustained reduction in the incidence of pneumococcal meningitis in children seven years 

post-vaccination (risk ratio for meningitis was 0·40, (95% CI 0·25-0·64). There was a similar, 

but smaller, reduction in adults with a relative risk of meningitis in 18-49 year olds of 0·61, 

(95% CI 0·4-0·95) seven years after vaccination. For older adults aged 50-64 years, there was 

a decrease in meningitis caused by the vaccine serotypes but this was offset by a significant 

increase in non-vaccine serotype disease (RR 2·83 95% CI 1·46-5·47).64 Mathematical models 

have predicted a substantial reduction in disease following the introduction of PCV13, even 

taking serotype replacement into account.65,66  Recent observational studies confirm this with 

a 32% reduction in invasive pneumococcal disease following the introduction of PCV13, but 

a 25% increase in non-PCV13 serotypes.67 

Neisseria meningitidis is another common cause of bacterial meningitis around the globe.  

Meningococci are categorised into 13 serogroups. Serogroup B is the commonest strain 

across Europe, including England and Wales.68,69 Serogroup Y is predominant in the USA70 and 

the second most common in Europe.71 Recently there has been a rise in serogroup W135 in 

the UK, which is linked with a South American clone. Disease caused by this clone is 

associated with a higher mortality as they are part of the more deadly ST11 clonal complex 

(or cc11).72   

Serogroup C was previously responsible for most meningococcal disease in Western 

countries, but incidence has markedly declined following the introduction of the 

meningococcal C conjugate vaccine. In the Netherlands, incidence declined from 4·5/100,000 

in 2001 to 0·6/100,000 in 2012.71 Similar results have been seen in other countries.2,58 

Conversely, in 2015, serogroup C appeared for the first time in the Sahel region of Africa.73 

Serogroup A was previously responsible for large outbreaks in this area of Africa; however, 

massive reductions have been seen in recent years following widespread vaccination.74,75 The 



26 
 

Meningitis Vaccine Project – a collaboration between the World Health Organisation and 

PATH (the Programme for Applied Technology in Health) - set out to vaccinate 250 million 

people in Africa with the new serogroup A conjugate vaccine. This has been a hailed a massive 

public health triumph with a risk reduction of 99.8% in Burkina Faso. Similar dramatic results 

were seen in Niger where serogroup A disease had virtually disappeared by 2011.75, 76  

H. influenzae type B was a significant cause of meningitis, especially  in infants and young 

children, prior to widespread immunisation.25 As with meningococcal disease, H. influenzae 

type B has virtually disappeared in areas where vaccination has been implemented, but 

remains a problem where it has not.77 The incidence of invasive Haemophilus disease due to 

non-type B strains has, however, increased in recent years.  The majority of these cases are 

due to non-typeable organisms but a number are due to other encapsulated forms of H. 

influenzae, in particular types e and f.78-80 Other causes of bacterial meningitis in adults 

include the Enterobacteriaceae and Listeria monocytogenes which is normally seen in those 

with risk factors such as older adults, alcoholics, diabetics, patients with malignancies, and 

those on immunosuppressive drugs.24,81-84 Staphylococcus aureus is now more common than 

N. meningitidis in the USA, reflecting the decline of meningococcal disease.2 It was also a 

predominant pathogen in a UK study of laboratory confirmed isolates where it accounted for 

c.25% of adult cases.3 This may represent nosocomial infection however, as there was 

minimal associated clinical data.  

It is clear the aetiology of meningitis is constantly changing and in the era of declining rate of 

bacterial meningitis it is important to understand the current prevalent causative organisms. 

1.2.5 Clinical features 

Clinical features in viral meningitis and bacterial meningitis are similar although by definition 

patients with viral meningitis should not have altered consciousness. If they do this would 

probably be considered to be viral encephalitis. Headache is the most common symptom in 
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viral meningitis present in 97% of patients and photophobia the least common. Neck stiffness 

occurs in approximately 70% of patients.19,85,86 Gastrointestinal symptoms such as nausea, 

vomiting and abdominal pain are also commonly seen. Despite symptoms of meningeal 

irritation, such as photophobia and neck stiffness, being  relatively common features of 

primary genital herpes87 very few patients who present with HSV-2 meningitis have 

concurrent genital lesions or even a history of genital ulcers.88,89 HSV-2 can cause recurrent 

episodes of meningitis with a third of patients reporting a previous episode.88,89 VZV 

meningitis can occur secondary to primary infection (chickenpox), reactivation (shingles) or 

the use of the live attenuated vaccine. Patients will often present without a rash.90,91  

Enteroviruses have several different neurological manifestations such as encephalitis, 

transverse myelitis and cerebellar ataxia, but meningitis is the commonest. The age of the 

host plays a part in determining the clinical syndrome and neonates are at high risk of 

encephalitis.11,27 This is uncommon in older children and adults where meningitis is the 

predominant presentation. Enteroviruses occasionally cause a chronic meningoencephalitis 

in the immunosuppressed, in particular those with antibody deficiencies.92 Without 

treatment chronic meningoencephalitis is often fatal.93 Mumps meningitis used to be 

common in the pre-vaccination era. It often occurred in the absence of classical parotitis 

normally associated with mumps infection.94 CNS involvement has been reported as the 

commonest complication of clinical mumps.95 

Historically the classical triad of neck stiffness, fever and altered consciousness were said to 

be diagnostic of bacterial meningitis. However, all three are rarely present – only being seen 

as a triad in 20-44% of cases.44,96 Significantly more patients with bacterial meningitis will 

have two of the following symptoms: headache, neck stiffness, altered consciousness and 

fever.44 Kernig’s and Brudzinski’s signs are signs of meningeal inflammation and have been 

used in the clinical assessment of meningitis for many years, but their usefulness now is 
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doubtful. Kernig’s sign is elicited by extending the knee with the hip flexed, it is positive if 

pain and resistance are encountered. Brudzinski’s sign is positive if a patient’s legs lift off the 

bed following neck extension. They were both identified in an era when tuberculous 

meningitis was common, along with other forms of bacterial meningitis. Now that viral 

meningitis is the dominant cause they are not so helpful, as there is much less meningeal 

inflammation in viral meningitis. They have been reported to have high specificity (up to 

95%), although this is very clinician dependent; the sensitivity can be as low as 5%.97  

1.2.6 Diagnosis and diagnostics 

Distinguishing viral meningitis from other causes of meningitis, in particular bacterial, on 

clinical grounds alone is difficult.98 A lumbar puncture (LP) is essential, not only to confirm 

meningitis as the cause for the patient’s symptoms but also to identify the causative 

organism. Having an aetiological diagnosis is important for the individual – it can determine 

treatment and prognosis – and also for public health purposes – to prevent secondary cases, 

catalogue vaccine efficacy and understand the epidemiology of meningitis in the UK. 

Diagnosis of a specific viral pathogen has been shown to reduce the length of antibiotics, the 

duration of hospital admission and the number of additional diagnostic tests requested.98-100 

The gold standard for diagnosing meningitis is examination of the cerebrospinal fluid (CSF) 

normally by performing an LP; typical findings are shown in table 1.2. A raised white blood 

count in the CSF is normally taken as an indication of inflammation of the meninges and thus 

a diagnosis of meningitis. Raised CSF white cell count is also seen in encephalitis and other 

extra-meningeal sources of inflammation such as brain abscesses and epidural collections. 1-

2% of patients with bacterial meningitis may have bacteria in their CSF without an elevated 

white blood count.101 Other initial CSF measurements can help to suggest an aetiology for 

the CSF pleocytosis. The opening pressure is often high in bacterial meningitis. CSF protein is 

normally raised whilst the glucose is low. CSF glucose is influenced by the serum glucose 
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concentration and, therefore, a concurrent serum sample must also be taken. CSF lactate has 

advantages over CSF glucose in that it is unaffected by the serum concentration. CSF lactate, 

if taken prior to antibiotics, has a sensitivity of 0·93 (95% CI 0·89-0·96) and specificity of 0·96 

(CI 0·93-0·98) in differentiating bacterial from viral meningitis.102 It has poor diagnostic value 

if performed after antibiotics are started and as such has limited value in the diagnosis of 

meningitis in the UK, where antibiotics are often given on admission. 

Gram stain and culture of the CSF allow both the identification of any bacterial pathogens 

and assessment of antimicrobial susceptibilities.  If the LP is delayed until after antibiotics 

have been given, the likelihood of identifying an organism is reduced by up to 44%.103,104 In 

addition to CSF analysis, blood cultures may identify the cause and should be taken before 

antibiotics are given.  
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Adapted from McGill et al; Journal of Infection (2016): 72 (4):405-438 

Table 1.2. Classical CSF features of the different causes of meningitis   

  Normal  Bacterial Viral  Tuberculous  Fungal 

Opening Pressure 12-20cm CSF Raised Normal/mildly raised Raised Raised 

Appearance Clear Turbid, cloudy, purulent Clear Clear or cloudy Clear or cloudy 

CSF WCC (cells/µL) <5 Raised (typically >100) Raised (typically 5-1000)* Raised (typically 5- 500)* Raised (typically 5-500)* 

Predominant cell type n/a Neutrophils** Lymphocytes# Lymphocytes† Lymphocytes 

CSF protein (g/L) <0.4 Raised Mildly raised  Markedly raised Raised 

CSF glucose (mmol) 2.6-4.5 Very low Normal/slightly low Very low Low 

CSF:serum glucose ratio >0.66 Very low Normal/slightly low Very low Low 
CSF – cerebrospinal fluid; WCC – white cell count. A traumatic lumbar puncture will affect the results by falsely elevating the white cells due to excessive red cells.  A common correction factor used is 1:1000. 

*Occasionally the CSF WCC may be normal (especially in immunodeficiency or tuberculous meningitis). ** May be lymphocytic if antibiotics given before lumbar puncture (partially treated bacterial meningitis), or with certain bacteria e.g. Listeria monocytogenes. # May be neutrophilic in enteroviral 

meningitis (especially early in disease)† May be neutrophils early on in the course of disease 
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Molecular methods 

A specific aetiological diagnosis in cases of viral meningitis has increased greatly since the 

advent of the polymerase chain reaction (PCR) and indeed PCR is routine in most diagnostic 

laboratories. Nucleic acid detection is more sensitive105,106 and quicker than traditional viral 

culture methods. While culture could take up to 3 weeks, viral PCR can be run in a few hours. 

PCR has been shown to result in an increase in confirmed aetiological diagnosis in viral CNS 

infections.107 In a study from 1986 where viral culture was used 48% of viral meningitis 

remained of unknown cause.15 In 2006 with the routine use of PCR this has been reduced to 

34%.11 PCR is highly specific but this is dependent on ensuring primer sequences do not pick 

up related viruses and that meticulous care is taken to ensure no contamination whilst 

carrying out the procedure. The sensitivity can be affected by inhibition – this can occur with 

high levels of protein, leukocytes or haemoglobin amongst other things. Sensitivity may also 

be reduced if the PCR is performed very early in the course of disease, if the clinical 

manifestations (and, therefore the PCR) occur after the virus is present in the CSF or if the 

amount of virus present is very low, as occurs in enteroviral meningitis. 

Due to low copy numbers of enterovirus in the CSF, stool and throat swabs for RNA detection 

can be useful in enteroviral meningitis. Stool samples can remain positive for up to 3 weeks 

and are more sensitive than CSF if the onset of symptoms is longer than 48 hours.108 Proving 

definitive causality may be difficult as enterovirus can be excreted from the guts of healthy 

people, however in combination with a CSF pleocytosis, a clinical picture consistent with 

meningitis and no other cause found it should be considered highly likely to be the causative 

agent.  

Molecular methods are also becoming increasingly important tools for diagnosis in bacterial 

meningitis. PCR can detect organisms in the blood or CSF for several days after antibiotics 
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have been given, 109,110 when the culture is likely to be negative. It has high sensitivity (87-

100%) and specificity (98-100%).111-114  

New diagnostic strategies 

Even with improving diagnostics a large number of patients with meningism and a CSF 

pleocytosis never have an aetiological cause found. In addition to the diagnostic benefits 

outlined above, knowing the true burden of disease can also help us target future potential 

treatments and surveillance. Concern has been raised within Europe at the lack of 

standardised surveillance and diagnostic techniques with the potential to identify emerging 

infections, in particular viral CNS diseases such as West Nile infection, in a timely fashion.115 

Recent efforts have focused on the detection of multiple pathogens at once on a single 

platform such as multiplex PCR, 16S PCR, MALDI-TOF (matrix associated laser dissociation 

and ionisation-time of flight), and whole genome sequencing.116 117 Multiplex PCR is a newer 

approach that standardises the testing and reduces the need for the selection of specific 

tests. Multiplex PCR utilises conventional PCR technology but simultaneously amplifies 

multiple sequences to detect multiple targets, and therefore pathogens, at once. Multiplex 

PCR can also speed up the process and reduces the number of freeze thaw cycles which may 

degrade any nucleic acid present. It has been shown to improve pathogen detection when 

compared to individual PCR tests118,119 and has been combined with microarray technology 

to increase further the number of possible targets.119-121 It may also reduce time and costs.118 

Multiplex PCR is being increasingly used in diagnostic laboratories and could be considered 

as a way of improving diagnostics without increasing costs or labour. 

Biomarkers for diagnosis 

There have been a plethora of studies examining various biomarkers for diagnosis in 

meningitis. Most of these are aimed at differentiating one cause from another, often viral 

from bacterial. Apart from CRP, none are used routinely in clinical practice. IL-6, IL-10, TNF-
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α, IFN-γ, CRP, procalcitonin, ferritin and many others have been assessed.122-128 Very few 

publications compare these biomarkers with existing markers such as CSF white cell count or 

neutrophil percentage. Therefore, whilst many biomarkers have been shown to be able to 

differentiate bacterial meningitis from viral, few have been shown to improve diagnosis 

beyond what is the current standard of care. This is probably why none has been adopted 

into clinical practice.  

Scoring systems 

Due to the fact that many cases have no definitive aetiology found and neither clinical 

features nor laboratory analysis can differentiate bacterial from viral meningitis several 

scoring systems have been developed.129-136 They may allow an early diagnosis which can 

enable more targeted treatments and potentially earlier discharge of patients with viral 

meningitis. Most of these scores are not used in routine clinical practice. Many have 

limitations such as relying on plasma glucose (often not performed) and using the month of 

presentation as a surrogate for season (which is very dependent on geography and climate). 

They all require CSF data and so by definition need a lumbar puncture to be performed. Some 

require complex calculations which are impractical in a busy acute medical setting. Most have 

only been tested retrospectively and have not been externally validated. The Bacterial 

Meningitis Score has been validated both retrospectively and prospectively in different 

cohorts of paediatric patients and may, potentially be useful to expedite the discharge of 

children with viral meningitis.137,138 

1.2.7 Treatment 

Despite diagnostic advances, treatment options for viral meningitis are severely lacking. 

There are no licensed, proven treatment options for any of the main causes of viral 

meningitis. Although aciclovir has proven activity against herpes viruses it has never been 

evaluated in a clinical trial of herpes meningitis. As a result clinical management is highly 
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variable and ranges from no specific antiviral treatment to 3 weeks of IV aciclovir.88 Aciclovir 

is well established in the treatment of other herpetic illnesses such as encephalitis and genital 

herpes so it makes logical sense that it may be beneficial in meningitis as well.139-141  There 

are case reports of the use of aciclovir in herpes meningitis142-144 but these are often 

complicated by one of the following: an association with concurrent genital herpes,142,144 

being primary HSV infection or the patient having recurrent disease with numerous 

recurrences.143 As discussed previously, most cases of confirmed HSV-2 meningitis are not 

associated with genital lesions and are not recurrent disease.88,89 A properly conducted trial 

is needed. Recurrent HSV-2 meningitis always poses a quandary for the clinician with regard 

to the use of prophylaxis. Some experts will recommend treatment and/or prophylaxis with 

aciclovir for recurrent episodes whilst others will refrain. Aciclovir prophylaxis has proven 

useful in preventing frequent recurrences of genital herpes145 but until recently there was 

little evidence to guide us with regard to prophylaxis for recurrent HSV-2 meningitis. A 

controlled trial has now shown no benefit of giving oral valaciclovir, at a dose of 500mg twice 

daily, in preventing recurrences of meningitis.146 This study aimed to determine the impact 

of viral suppression on recurrence of meningitis in patients who had experienced at least one 

episode of HSV-2 meningitis. Patients were treated with either valaciclovir or placebo for a 

year and then followed up one year later. Patients in the valaciclovir group had a significantly 

higher rate of recurrences than the placebo group in the year following treatment. Even 

whilst on the treatment these patients had a non-significantly higher rate of recurrences. The 

authors postulate that the dose may not have been appropriate and that the higher rate of 

recurrences off the drug may be due to a rebound phenomenon.  

As with HSV there is no trial evidence to recommend the use of aciclovir in VZV meningitis 

and decisions need to be made on a case by case basis. Aciclovir has been recommended 

where there is evidence of vasculopathy or encephalitis.147,148 Pleconaril initially showed 

great promise as a treatment for enteroviral neurological infection as it achieves significantly 
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higher concentrations in the CSF than in the serum. Studies in acute meningitis only showed 

a slight reduction in headache duration,  and due to the potential for drug interactions the 

drug has never been licensed for use in meningitis.149 It was available on a named patient 

basis for a short time and was used with some degree of success in immunocompromised 

patients with chronic enteroviral infection,150 however, the drug is now no longer 

manufactured. 

In patients with suspected bacterial meningitis antibiotics should be given as soon as 

possible, ideally after both blood and CSF have been obtained for culture. If there are delays 

in sampling, the priority is for treatment to be given. Early antibiotic treatment is associated 

with a lower mortality.151,152 Many antibiotic regimens are based on data from animal models 

or clinical experience rather than randomised trials. The choice of antibiotic depends on the 

likely pathogen, local patterns of antibiotic resistance and the CSF penetration of the drug. 

Penicillin and other beta-lactams are effective against the most common pathogens and the 

CSF concentration (even with uninflamed meninges) tends to be close to the minimum 

inhibitory concentrations for moderately susceptible bacteria.153 The worldwide emergence 

of antimicrobial resistance, especially against S. pneumoniae, affects the choice of empirical 

treatment in many countries.  

Even in the presence of a susceptible organism and appropriate antibiotics, mortality in 

bacterial meningitis is high, around 10-30% in industrialised nations 4,24,44,51,154-156 and nearer 

50% in many poorer nations.157-159 The high number of deaths, despite apparently 

appropriate treatment, is thought to be due to the inflammatory processes described earlier. 

Efforts have, therefore, focused on identifying useful adjunctive therapies which might 

reduce inflammation and brain oedema.   

Following several paediatric studies,160 a large multi-centre European randomised controlled 

trial in adults showed a significant reduction of both an unfavourable outcome and death in 
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patients who were treated with dexamethasone compared to placebo (RR 0·59 and 0·48 for 

unfavourable outcome and death respectively), most striking for patients with pneumococcal 

meningitis.161 Subsequent studies carried out in adults in Malawi and Vietnam failed to 

reproduce the European findings,159,162 although there was a better outcome (significant 

reduction in the risk of death at 1 month and risk of death or disability at 6 months) for 

patients in Vietnam with confirmed bacterial meningitis (Streptococcus suis was the 

predominant pathogen). Potential reasons for the differing results include the fact that 

patients in Europe are less likely to have HIV and are likely to present to medical services 

sooner. A meta-analysis of individual patient data (n=2029) from 5 trials failed to show any 

beneficial effect of steroids on death or neurological sequelae.163 Extensive further analysis 

concluded that there were no subgroups that would benefit from adjunctive 

dexamethasone, although post-hoc analyses did suggest there might be some benefit in HIV 

negative adults and a lower rate of hearing loss amongst survivors. There was also a trend 

towards a benefit in those who had a duration of symptoms less than 48 hours lending 

support to the theory that if patients present late they may be less likely to benefit from 

steroids. A subsequent meta-analysis including 25 studies demonstrated a small reduction in 

hearing loss in adults treated with corticosteroids compared with placebo (16% versus 22% 

RR 0·74, 95%CI 0·56-0·98); there was no difference in mortality.152 A subgroup analysis 

demonstrated a modest decline in mortality in patients with pneumococcal meningitis (RR 

0·84 95% CI 0·72-0·98) with no effect on H. influenzae or meningococcal meningitis (although 

numbers in these groups were very small). There was a moderate amount of heterogeneity 

and the benefit did not remain when a random-effects statistical model was used.160 Both 

these meta-analyses compared very diverse studies and populations including children and 

adults, high and low socio-economic status and differences in co-morbidities. This is reflected 

in the heterogeneity of the analyses and probably accounts for the conflicting conclusions. 
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 There is only so much quantitative research can answer. Quantitative research is often said 

to answer the ‘what’ and ‘how much’ questions whereas qualitative research can go deeper 

and attempt to answer some of the ‘why’ and ‘how’ questions. Within the realm of meningitis 

there are many process questions to answer such as why do some patients (or parents) wait 

to seek medical help, what are the trigger signs that prompt medical attention, what is it that 

makes a doctor or healthcare worker suspect meningitis? Many of these questions cannot be 

answered by quantitative methods. I, therefore, have also used qualitative methods to look 

at the process of diagnosis. In order to understand where qualitative research comes from 

and how it can benefit my research I found it useful to understand the origins of the research, 

and as such the origins of social theory. I have outlined some of the key areas that I found 

helped illuminate the area for me, a complete novice to qualitative research and sociology. 

1.3 Sociology – social theory and the sociology of diagnosis 

The initial part of my PhD, and indeed throughout my career to date, stems from a very 

‘positivist’ background. Positivism assumes that there is truth to be found and that truth can 

be found by repeated experimentation and verification. One of the specific questions I will 

later go on to explore is how medical staff manage a patient with suspected meningitis and 

what determines what investigations they do? In order to begin to look at these questions a 

different approach, from positivism, is required.   

These methods were popularised in the 17th century by people such as Gallileo (1564-1642), 

Francis Bacon (1561-1626) and Rene Descartes (1596-1650), although many principles 

associated with the scientific method had been circulating since the time of Aristotle at least. 

The idea behind the scientific method was to attempt to provide proof for what was claimed 

as knowledge. Gallileo established the role of experimentation to test hypotheses in his work 

on naturally accelerated motion, establishing that distances travelled by free falling objects 

are proportional to the squares of the times taken. This was despite great opposition and 
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imprisonment from the established church for his views on the solar system, stating that it 

was the earth that orbited the sun rather than the other way around.  

Bacon was a contemporary of Gallileo’s but whereas Gallileo was constrained by the papal 

dominance in 16th century Italy, Bacon lived in the newly reformed England with a regal 

authority; Gallileo had a mathematics background whilst Bacon was a highly successful 

lawyer and politician. Bacon used his forensic legal skills to make enquiries into the academic 

system and demand change in the way ‘facts’ were taught, with more emphasis on 

experimentation and less on previous thoughts, superstitions and false belief. One of Bacon’s 

most important works was connecting theoretical knowledge to practical knowledge via 

experimentation. The theoretical sciences such as maths and physics had previously been 

seen as completely separate to the practical ones of law and medicine. This linked the causes, 

as discovered in the theoretical realm with the effects, seen in the practical sphere. Bacon is 

described as having “…. the responsibility for reforming the law so that just principles of 

‘Policy’ could be established; in his philosophy he assumed responsibility for reforming 

scientific method so that true principles of ‘Nature’ could be established”.164 

It took another 300 years for this emphasis on experimentation to be wholeheartedly 

embraced within medicine with the birth of the ‘evidence based medicine’ movement. 

Evidence based medicine, in the early 1990s, set out to put an end to tradition, anecdote and 

theoretical reasoning by replacing it with trials and studies that were carried out with the 

highest standards of rigour. Recently there has been a call for a change in the way evidence 

based medicine is carried out to be more ‘all-inclusive’ in particular to include the patient’s 

“experience of illness and the real life clinical encounter”.165 

These positivist approaches, such as evidence based medicine, miss the feelings, experiences 

and interactions which can not necessarily be summed up or explained by facts. Medicine is 

often said to be as much an art as it is a science and it is that ‘art of medicine’ that is difficult 
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to contain or explain within a positivist mind-set.  I therefore will be using qualitative 

methods to begin to understand some of the nuances of the experiences of both medical 

staff and patients when it comes to diagnosing meningitis.  I wanted to scrutinise the actual 

practice and experiences of medical staff and patients rather than just analyse the outcomes. 

To anyone not used to social research many terms used can be confusing and in order to try 

and understand and explain them I am going to outline some of the historical and theoretical 

aspects of social research, and in particular my chosen theoretical framework.  

1.3.1 Origins of social theory 

Although there has been a huge expansion of sociology and social sciences over the last half 

century or so, the origins of ‘thinking socially’ stem much further back in history. It is 

important to understand these origins in order to fully comprehend both the reasons why I 

have used sociological approaches in my research and the approaches themselves. 

Auguste Comte (1798-1858) is often quoted as the father or founder of sociology and 

although he coined the term ‘sociology’ people were certainly thinking sociologically many 

centuries beforehand. Sociology is, in basic terms, the study of society and social interactions 

as opposed to just the study of individual entities. Before sociology could be ‘invented’, 

society had to be discovered. There needed to be an acknowledgement that a group of 

interacting individuals, or a ‘society’, has different attributes and influences than individuals 

alone or indeed the sum of those individuals. This society was discovered in ‘The 

Enlightenment’, an intellectual movement in Europe and America of the 17th and 18th 

centuries which led to transformations in the scientific, political and social spheres. The 

leaders of the enlightenment movement felt that knowledge, research and science would 

destroy ignorance and superstition, which it was felt was the “source of all human misery”.166 

This era is when the ‘scientific method’ came into being.   
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During this time there was also a general move away from the established church which up 

until then had dominated the general way of thinking. Following the collapse of the Roman 

Empire it was the Christian church that influenced most academic work and society in 

general. From the time of the Ancient Greeks until the enlightenment the church had a 

stronghold on all scholarly activity and knowledge. All knowledge was metaphysical, that is, 

speculative or based on belief, tradition, superstition and magic.166 It lacked a logical, 

reasoned approach, hence the move toward observation, experimentation and validation.  

Nobody could question the authority of the church as can be seen by the imprisonment of 

Gallileo for suggesting we lived in a heliotropic universe rather than a geocentric one. The 

enlightenment movement railed against this, rejecting what they saw as fantasies and 

mysticism, opposing authoritarian regimes and insisting that all established ideas had to be 

contested in the light of reason.166  This is when social theory, or sociology, really began to 

have an influence upon society.   

Although this is the start of what we now call sociology, social thinking has been around for 

many centuries. Early classical philosophers such as Plato and Aristotle identified the 

importance of different social networks and the effect they may have on everyday life. 

However, at the time of the enlightenment  individuals wanted more evidence and proof, 

than was provided by the church, to guide their views on life and this is where positivism or 

positive science was born. Crotty describes positive science as something that can be 

‘posited’ rather than ‘reasoned’.167 Comte wanted the scientific method to be the same for 

the human sciences as it was for the natural sciences, that is, experimental and validated. It 

was also important to Comte that the facts about the social were observed to be related to 

other social facts. They could not be an isolated social fact – this would just be anecdote. In 

the years following Comte, Emile Durkheim, Max Weber and Karl Marx would become the 

formative scholars on social theory as we know it today.  
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One of the fundamental tenets of the scientific method was that everything had to be proven 

by observation and experimentation. Karl Popper (1902-1994) took a very different view and 

suggested instead of trying to prove a hypothesis correct why not take a hypothesis and 

attempt to disprove it (falsification rather than verification). It is almost impossible to prove 

a hypothesis so that it will be true in every single circumstance. However, it only takes one 

instance to disprove it.  Popper’s falsification theory is the basis of the null hypothesis that 

lies at the centre of many clinical trials we carry out today where one will attempt to reject 

the hypothesis that the intervention will have no effect (as opposed to accepting the 

hypothesis that the intervention is efficacious). Whilst Crotty167 tells us this is completely at 

odds with the Baconian inductive scientific method Gower shows us that Bacon himself had 

similar ideas. Bacon was opposed to the idea that one could make a generalisation about all 

events by only examining a few. Instead he suggested that ‘a single negative instance is 

sufficient to eliminate a generalisation’.164 

Whilst positivism, and the enlightenment in general, arose from a criticism of the lack of 

logical thinking that the established church had on the current society there was also criticism 

of positivism itself. It takes little account of context, historically or culturally, and is 

reductionist in nature, that is the whole can be explained by the sum of its parts. An 

alternative to positivism came in the form of interpretivism. Interpretivism claimed that our 

observations are “culturally derived and historically situated”.167 Weber (1864) was a 

founding scholar of interpretivism and he was concerned with understanding of a 

phenomenon, or ‘verstehen’, rather than the explaining of Comte’s positive science.  

1.3.2 Constructionism, social constructionism and the construction of medical 
knowledge 

Constructionism states that reality and the meaning of that reality is constructed, not 

discovered. The converse of constructionism is objectivism which ascribes meaning to an 

object itself, independent of any interaction with it e.g. a chair is a chair irrespective of 
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whether anyone sits on it or even sees it. However, in constructionism, meaning, of an object 

or a phenomena, is constructed by interactions between human beings and the object. This 

means that as different human beings have different interactions they may, therefore, come 

to different meanings or realities. This is especially true in different cultures or eras of time.  

Constructionism does not state that there is a void beforehand, just that there is no meaning 

until one is ascribed to it by a human being. So, whilst the sea existed before it was called the 

sea – it has been ascribed meaning by being called ‘the sea’. The sea can also have different 

meanings for different people for the affluent Westerner it may mean holidays and a place 

to swim, for other people it is a source of livelihood and life being the source of many food 

stuffs, for others it will be a necessary means of transport. How we see things is influenced 

by our culture, by other human beings like what we are told of the sea or our experiences of 

the sea. This is how reality is socially constructed – social constructionism. These ideas are 

not new – David Hume in the 18th century described how human nature was influences by 

external forces and therefore could vary through history and from place to place.166  

Social constructionism came as a result of the work of Berger and Luckmann.168 It requires us 

to question the world around us, to question whether we can really explain all of the world’s 

problems by observation alone (the stance that might be taken by a pure positivist). Social 

constructionism also sees knowledge as historically and culturally specific so there can be no 

one universal truth apart from the only universal truth that the social world is constantly 

changing. In social constructionism our knowledge of the world comes from our social 

interactions between people. Because each of us will have different interactions, both 

geographically and temporally, through social constructionism we will see the world 

differently. And finally, with social constructionism comes social action – how we see the 

world determines how we then act toward it.169  
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Language and discourse can be integral parts of social constructionism and how language is 

used may have important consequences for people. For example if a doctor tells a patient 

‘you have meningitis’ this may be taken in different ways by different people. Take one 

person whose only knowledge of meningitis comes from what they have seen and heard on 

the television or newspapers, a second person who has had a child die from meningococcal 

meningitis and a third who has had previous viral meningitis. They are likely to respond to 

this diagnosis in different ways because of their different backgrounds. Whereas if a doctor 

tells a patient ‘you have an infection around your brain’, or ‘you have a mild form of 

meningitis’ these may be seen very differently. This concept of dialogue in diagnosis is hugely 

social in its origins and reliant on our cultures as to how different individuals will construct 

different diagnoses or meaning from the same information.  

One criticism of social constructionism might be that it denies reality. However others have 

said that social constructionism is both realist and relativist.167 Social constructionists do not 

claim that without an interaction something is not real, they just say the meaning ascribed 

to those things results from that interaction. For example, this thesis would be real even if 

you had never encountered it. By seeing it and reading it you ascribe meaning to it – it 

becomes a piece of research, it becomes a collection of words, theories, results and 

conclusions. It is the interaction that you have with it that gives it that meaning. Social 

constructionism is relativist because the constructions are contingent on time and culture. 

Constructions of meaning can also change throughout time and in different cultures. For 

example seizures in most of the Western world would be viewed through the biomedical 

model as a physical illness caused by electrical activity in the brain, however in some cultures 

seizures may be seen as demonic activity caused by spiritual forces. We can also see from 

biblical writings that this view point would have been prevalent in the first century and so 

can see how meanings change throughout time as well as cultures. Historically we also see 

changes in our acceptance of what is culturally acceptable, for example “buggery” or anal sex 
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in the 16th century (pre-enlightenment) was considered a crime worthy of the death penalty. 

Decriminalisation came along with the enlightenment but with that came the medicalization 

of homosexuality as a form of insanity. It wasn’t removed from ICD-10 (International 

Statistical Classification of Diseases and Related Health Problems 10th Revision) until 1992. 

In the context of meningitis different meanings can be ascribed by different populations or 

societies. For example to the lay person, meningitis refers to a disease of childhood; a disease 

that kills; a disease that is associated with a rash. Whereas to a doctor meningitis may mean 

an illness most often caused by a virus from which the patient makes a full recovery. Even 

within the realm of viral meningitis a patient who has suffered viral meningitis will often see 

this as a severe illness which has long lasting repercussions whereas the medical profession 

may see it as benign and self-limiting.170,171 

The social construction of health and illness is a major area within medical sociology. It can 

cover various areas including cultural interpretations of illness and disease, cultural 

enactment of the illness experience and how medical knowledge can be constructed 

culturally – this can be seen in the previous examples of homosexuality being ‘demedicalised’ 

and epilepsy being ‘medicalised’. Much of the area of medical social constructionism revolves 

around the patient or lay experience but very little about how the knowledge of medical staff 

may also be socially constructed.   

1.3.3 Symbolic interactionism 

I have previously described how interpretivism arose from a need to understand and not just 

explain phenomena. Symbolic interactionism is one such interpretivist approach. Culture is 

important in interpretivist viewpoints. In symbolic interaction it is our culture that guides our 

lives. We are as a result of our culture and not the other way round. In other approaches, 

such as phenomenology, culture can be seen as a hindrance and in order to really access the 
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phenomena one needs to somehow get beneath the cultural trappings and rid oneself of 

one’s own cultural ideas (bracketing). 

The work of Berger and Luckmann stems, in part, from symbolic interactionism (Mead 1934 

and Blumer 1969). Although he never wrote a large seminal piece of work it was the teachings 

of George Herbert Mead that were the foundations for symbolic interactionism. Mead was a 

social activist who taught social psychology in the United States around the beginning of the 

20th century. Following his death several of his students (including Herbert Blumer) put 

together books containing his teachings. Mead taught that humans communicate using 

‘symbols’ and it is only through social interaction that we learn to interpret these symbols.172  

Symbolic interactionism focuses on the everyday interactions between human and non-

human actors. Fundamental to symbolic interactionism is that we construct our own realities 

through our daily interactions with each other. Language is hugely important in both 

symbolic interactionism and social constructionism, “subjective meanings emerge from 

experience and change as experience changes”.173 Blumer, a student of Mead’s defines 

symbolic interactionism as having 3 tenets: 

1) People act toward things based on the meanings they have for those things 

2) The meaning arises from the social interaction one has with other people 

3) The meanings are identified and changed through the person’s interpretation of 

their encounters.174  

Charmaz then gives a further 3 premises to clarify the position 

1) The meanings are interpreted through language and communication 

2) The negotiation of meaning in social interactions is a continually emerging process 

3) The interpretation becomes more explicit when meanings or actions become 

problematic or situations change for people.175 
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Taking the third of these and applying it to the field of diagnosis we can see that diagnosis to 

the physician is primarily something to guide treatment whereas diagnosis to the patient is 

often something to legitimate their symptoms and provide an outlook for the future. 

Symbolic interactionists believe that how people name things affects what they know, how 

they know it and the actions they take. Naming constitutes a way of knowing and dealing 

with an event. Naming something normally leads to an evaluation of it and therefore a value 

judgement. Strauss in his book, the search for identity, recognises that renaming something 

will change one’s relationship with it.176  For example a patient might go to their doctor with 

a headache which until that point was just a headache. However, as soon as the doctor 

suggests that they need to ‘rule out’ meningitis the headache is no longer a simple headache 

it is ‘suspected meningitis.’ Renaming headache to meningitis allows a legitimation of the 

illness behaviour and probably a certain element of fear. That same patient may have a 

diagnostic lumbar puncture which may rule out meningitis as the cause for the headache but 

then the patient is left with uncertainty of what was causing the headache. Some of the fear 

associated with meningitis may be gone but another fear of uncertainty may have taken its 

place. Alternatively perhaps the patient is diagnosed with meningitis but is diagnosed as 

having viral meningitis, this then changes the relationship with the diagnosis from being one 

of fear to one of relief often. If however, that diagnosis is further refined to herpes meningitis 

the relationship may then become one of worry. “Where did I get herpes from?”, “Is my 

partner cheating on me?” From this example of a patient journey one can see the changing 

relationship as the name that is given to the symptoms that the patient is experiencing 

changes. 

1.3.4. Sociology of diagnosis 

The sociology of diagnosis is an emerging area and theoretical framework within medical 

sociology. Much of the sociology of medicine comes in response, and as a critique, to the 
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biomedical model and the sociology of diagnosis is no different. The biomedical model is the 

predominant viewpoint in Western medicine and has five main components: 

1) The body and mind are separate and should be treated as separate entities 
(body/mind dualism); 

2) The body can be repaired like a machine; 
3) There is an emphasis on technology (such as drugs or other interventions) to 

carry out those repairs; 
4) It is reductionist –explanations of disease focus solely on the biological changes 

and not the social or psychological components; 
5) Every disease is caused by a specific identifiable agent –the doctrine of specific 

aetiology. 

Diagnosis is an essential part of medicine. The purposes of a diagnosis are multiple. It allows 

investigation into the pathogenesis of an illness; it guides treatment and gives an indication 

of prognosis; it legitimates the sick role and allows certain benefits e.g. time off work; it can 

lead to measures to prevent others developing the same illness either through education, 

research or direct measures as in post exposure prophylaxis and finally it gives important 

information for epidemiologists on worldwide trends, this information can then be used to 

determine policy on what diseases efforts should be aimed at treating, researching or 

eradicating. Occasionally it seems in our cost conscious NHS that the only reason for a 

diagnosis is to determine treatment, if there is no treatment available then a diagnosis is not 

worth pursuing, the other reasons for having a diagnosis have been dismissed. Annemarie 

Jutel, who has been campaigning for the establishment of the sociology of diagnosis as a 

subspecialty of social constructionism, tells us that “diagnosis takes place at a salient juncture 

between illness and disease, patient and doctor, complaint and explanation”.177  

In addition to providing all those roles for the patient (or potential patient) diagnosis also 

plays a role within the medical profession. The ability to make a diagnosis separates the 

doctor from both the lay and other medical staff e.g. nurses. Authority, prestige and legal 

duties are given to the doctor because of that ability. Diagnosis also determines which 

medical profession looks after which patients. An example would be a patient admitted to 
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an infectious diseases ward with vomiting. They were admitted there as the hospital matron 

was confirmed the vomiting could be infectious and by being placed on the infectious 

diseases ward they could have a side room. However, careful history taking and examination 

revealed the patient to have jaundice. The vomiting was secondary to an obstructive tumour. 

The patient required urgent surgical intervention and the admission to the infectious 

diseases ward delayed that. Or perhaps two people come into hospital with chest pain, one 

is diagnosed with a myocardial infarction (or heart attack) – this patient is then looked after 

by the cardiologists. However, the second patient is found to have pneumonia and they might 

therefore, be looked after by the respiratory physicians. The care given to the patient is 

determined by the diagnosis made. The sooner the diagnosis is made the sooner the more 

appropriate care can be arranged.178  

Diagnosis can bring both order for example in categorising illness or in distributing care, but 

also conflict with different actors approaching diagnosis with different understandings, 

explanations and beliefs.177 There is often a mismatch between the patient’s approach and 

that of the doctor. We see this most markedly in the area of ‘medically unexplained 

symptoms’ where we, as doctors, are unable to provide a diagnostic label for patients. This 

then prevents the patient from fully occupying the sick role.179 

Mildred Blaxter, in 1978, describes how a diagnosis can exist as two entities, a category (the 

name that is given to a disease or illness) and a process (the motions that the health care 

professional and patient goes through to come to the categorical diagnosis).180 In the case of 

meningitis we could say that meningitis itself is a diagnosis, it certainly is a category. 

However, it is not specific enough to tell us about the pathogenesis, prognosis or what 

treatments might be useful. For that we need a more specific diagnosis, an aetiological 

diagnosis.  
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Diagnosis is also a process. The process starts before the patient even reaches formal 

healthcare. Many cases of illness or ill health will never reach a health care provider, there 

may be elements of self-diagnosis or lay-diagnosis. In order to obtain a professional 

diagnosis, and especially an aetiological diagnosis, an individual displaying symptoms of ill 

health needs to access some form of health care. This in itself is a journey from deciding to 

seek help and then being able to negotiate the healthcare system and finishing up in the 

correct environment for a diagnosis to be made (sometimes more by luck than judgement).  

As I have explained earlier social structures and culture play an important function in 

diagnosis, taking homosexuality as an example. A more modern example may be that of the 

increasing medicalization of infertility.181 Prior to the 1980s infertility was seen much as a 

social condition and carried with it stigmatisation and feelings of punishment within social 

and religious paradigms. However, when a technology became available in the form of in 

vitro fertilisation infertility rapidly became a medical illness which brought compassion rather 

than stigma. As Elizabeth Heitman says ‘medicalisation…provides a morally neutral 

explanation for stigmatised conditions’.182 

Despite the above and the clear interactions between ‘the social’ and ‘diagnosis’,  ‘sociology 

of diagnosis’ has never been formally established as a theoretical framework in itself. It has 

been incorporated into other theories such as medicalization, and science and technology 

studies. Brown183 and Jutel184 have begun the groundwork to establish the sociology of 

diagnosis as an entity in its own right. Jutel highlights the range of topics that might be 

covered by such a discipline: patient-doctor interaction, medicalization, illness experience, 

health social movements and disease recognition.177 In addition to that I would add that it 

could also include behaviour change models such as the theory of planned behaviour. By 

studying the diagnostic process one might identify areas where an intervention could lead to 

change. 
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1.2.4.1. Diagnosis as a category 
 

The ICD -10 is a classificatory system for disease or ill health. It originated in the late 19th 

century and undergoes a revision every decade or so. It has a Western slant and may be 

influenced by the need for insurance companies to have a classificatory system. Bowker and 

Star claim it is in fact, not a classificatory system at all, but merely a nomenclature. They also 

describe the many revisions of the ICD as ‘not a record of gradually increasing consensus but 

a panoply of tangled and crisscrossing classification schemes’. 185 

Within the ICD -10 we can see that even the globally accepted classification of diseases is not 

consistent in its approach. If we search for meningitis we can see that some disease 

classifications are based on specific aetiologies such as pneumococcal meningitis (G00.1), 

whilst others are more vague referring only to the broad causative agent for example, viral 

meningitis (A87). Still others do not refer to cause at all but are merely descriptions such as 

benign recurrent meningitis (G03.2). From this classification system we see the diseases or 

diagnoses range in specificity and certainty.  

Classification of disease is also complicated by history and changing cultures with each 

generation adding layers of understanding or uncertainty to previously classified diseases. 

Blaxter states “throughout the ages the system has proceeded from the parts to the whole, 

building layer upon successive layer and reorganising only partially and intermittently”.180  A 

good example of this would be chronic fatigue syndrome which has previously also been 

called ‘post viral fatigue’, ‘myalgic encephalomyelitis’ or ‘ME’ and ‘yuppie flu’. In the 9th 

edition of the international classification of diseases (published in 1975) there was no code 

for chronic fatigue syndrome. In the index there was ‘Syndrome, fatigue’ which was 

referenced under the code for ‘neurasthenia’ in the category of Mental Disorders. The term 

‘benign myalgic encephalomyelitis’ similarly was in the index but only referenced to another 

code for ‘Encephalitis of unknown source’ in the category of ‘Diseases of the Nervous 
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system’. ‘Post-viral syndrome’ was categorised under ‘symptoms, signs and ill-defined 

conditions’. In 1990 there was a request to create a specific code for ‘chronic fatigue 

syndrome’, however codes cannot be created if there is no specific aetiology for a condition 

so it couldn’t be done (although note the example of benign recurrent meningitis above). In 

ICD 10 (published in 1992) both ‘benign myalgic encephalomyelitis’ and ‘post-viral syndrome’ 

were incorporated under a new code under ‘Other disorders of the brain’, which is where it 

currently sits. ‘Chronic Fatigue Syndrome’ itself does not have a code associated with it.186 

Over the course of two decades chronic fatigue syndrome has had many pseudonyms and 

been categorised in 3 different categories within the ICD classification. Currently it sits in 

diseases of the nervous system which itself is contentious as the pathogenesis remains 

unknown. I am certain there will be further changes to come in both the classification of 

chronic fatigue syndrome but also in the manner in which we classify diseases. As more 

medically unexplained symptoms occur there may be an impetus to allow the categorisation 

of illnesses where no firm aetiological cause has been established. 

Within meningitis there is an often used term ‘aseptic meningitis’. This term was first coined 

in 1924 before the advent of viral diagnostics and essentially referred to a case of meningitis 

where no bacterial pathogen was found. The original criteria as described by Wallgren were: 

1) Acute onset with signs and symptoms of meningeal irritation 

2) Alteration of cerebrospinal fluid typical of meningitis 

3) Absence of bacteria in cerebrospinal fluid 

4) Short and benign  course of illness 

5) Absence of local or system disease which might present meningitis as a secondary 

manifestation 

6) Absence of an epidemic in the local community where meningitis was a feature.187 

Despite the fact that viral diagnostics, both culture and molecular, have made this diagnosis 

all but meaningless many papers still refer to ‘aseptic meningitis’ and define it differently 
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every time. The CDC define it as “A syndrome characterized by acute onset of meningeal 

symptoms, fever, and cerebrospinal fluid pleocytosis, with bacteriologically sterile cultures” 

and within their classification it is synonymous with ‘viral meningitis’.188 Aseptic meningitis is 

not, however, referenced in the ICD, presumably because of the lack of aetiology. 

Part of the movement in diagnostic categorisation has been to move from not only 

anatomical, biochemical or pathological causes but to include social and psychological 

causes. Z60.4 in the ICD10 is ‘social exclusion and rejection: exclusion and rejection on the 

basis of personal characteristics, such as unusual physical appearance, illness or 

behaviour’.189 This shows an understanding that diagnosis as a category can also have a social 

component.  

1.2.4.2 Process of diagnosis 
Diagnosis as a process is also significantly influenced by the social world in which we act and 

it is this that I am going to focus on. Blaxter describes the process of arriving at a diagnosis as 

a “movement down a branching tree with the testing of alternatives and the selection of 

probabilities at each stage”.180 Blaxter also recognises that when a doctor is treating 

symptomatically they may bypass the diagnostic category and go straight from symptoms to 

treatment. This also happens when one considers empirical treatment for potentially life 

threatening illnesses such as meningitis. A patient presents with symptoms that could be 

consistent with meningitis and so treatment is commenced before a diagnosis is made (or 

even attempted in terms of aetiological diagnosis). However, the process of diagnostic 

categorisation has begun.  

There might be a relationship between the accuracy of a diagnosis and whether an effective 

treatment for that condition is available. The discovery of a therapeutic agent may lead to a 

refinement of the diagnostic category.190 As there are no effective treatments in most cases 

of viral meningitis then a tentative diagnosis of viral meningitis may be sufficient, rather than 
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a more specific diagnosis of enteroviral meningitis for example. There is also the varying 

practices of individual doctors to consider. If one physician feels there is an appropriate 

treatment they will be more inclined to make a specific diagnosis whereas if another does 

not feel there is they will not. A good example of this is in herpes meningitis, where some 

doctors treat with aciclovir and others do not, believing there is no evidence for the efficacy 

of the treatment.88 If a doctor is of the school of thought that aciclovir is beneficial they may 

be more inclined to pursue an aetiological diagnosis, to confirm herpes simplex virus as the 

causative agent. Crombie also talks about the difference between hospital physicians and 

general practitioners (GPs) suggesting that often GPs may use more intuition  than scientific, 

logical method that is applied much more easily in a hospital setting. He also states ‘what 

better substitute is there….for clinical acumen, that vague and ill-defined attribute without 

which no man can be a good physician’.190 Although difficult to define I certainly subscribe to 

this viewpoint, even 50 years after it was written.  

Some of the main areas that sociology of diagnosis has centred on is that of medically 

unexplained symptoms,178,191 contested diseases such as chronic fatigue syndrome or gulf 

war syndrome192,193 and the medicalization of previously social deviances e.g. shyness.194 I 

wanted to use the sociology of diagnosis to look more at the process of diagnosis rather than 

the category of diagnosis and understand how the different actors involved, both lay and 

medical, arrived at a diagnosis and what factors were important in determining how far down 

the tree of possibilities they got; did they end up with a purely descriptive diagnosis or did 

they pursue a specific aetiological diagnosis? 

1.2.4.3. Social diagnosis 
Phil Brown and colleagues have sought to describe and define ‘social diagnosis’ in order to 

try and further the field in the sociology of diagnosis and look at the processes, outcomes 

and consequences of diagnosis. They tell us that a diagnosis is social because it connects an 

illness (the category) or the act of diagnosing that illness (the process) to external factors that 
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may be political, economic, cultural or social in nature. The process also involves several 

different actors whose actions will affect the actions of the others involved in the same 

process.183 The process of diagnosis is essential to a framework of social diagnosis. Other 

components of the framework include having a more holistic approach to health inequalities 

and causation of illness and disease and looking at what illness or disease may be heralded 

in the future as well as what is and what has been. 

Much of the empirical research within the sociology of diagnosis literature has taken place 

within an outpatient or chronic illness setting such as cancer or mental illness.195,196 There has 

been little research within acute medical conditions to explore the process of diagnosis. In 

this thesis I will use meningitis, as an example of an acute medical condition, to demonstrate 

the relevance of the sociology of diagnosis to acute conditions as well as chronic. 

I will look at the processes involved in the diagnosis of meningitis from both a lay and medical 

perspective. My aim was to explore the experiences of the process of diagnosis for both 

doctors and patients in order to try and better understand why and how medical staff 

manage patients with suspected meningitis. By understanding this we may be able to see 

where processes may be helped or changed in order to improve the diagnostic strategies. 

Including lay perspectives allows us to understand the importance, or not, of a diagnosis to 

patients and may provide some legitimacy to the findings.  

1.4 The scope of this thesis 

As bacterial meningitis has decreased, and molecular diagnostics have become established, 

viruses are identified increasingly in cases of meningitis in UK adults, yet there are very little 

data regarding the aetiology or incidence. The studies that do exist examine the incidence of 

meningitis from a laboratory viewpoint and so lack any clinical detail and don’t take into 

consideration the number of people who never have a pathogen identified. Despite viral 

meningitis being most common in the adult population not many studies focus on this group.  
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There are very few clinical observational studies examining the incidence of viral meningitis 

and none from the UK. There are also no studies looking at the whole cross section of patients 

who present with suspected meningitis. Understanding the burden of disease is important 

for determining allocation of both health care resources and research funding. Aetiological 

diagnoses are not made unless doctors perform the right investigations. Many studies 

highlight failures to do this, but few examine the determinants that guide a doctor toward 

making an aetiological diagnosis. Finally whilst multiplex PCR has been shown to be beneficial 

in other conditions it is unknown if it will increase the diagnostic yield in cases of meningitis 

with unknown aetiology. This thesis sets out to determine what the aetiology of meningitis 

is in adults in the UK and how can we improve the diagnosis, with a particular focus on viral 

meningitis. Initially I examined the incidence and aetiology of adult onset meningitis using a 

multicentre observational cohort study which aimed to answer the following questions: 

x What is the incidence of viral meningitis in adults in the UK and what viruses are 

responsible? 

x What are the clinical features of viral meningitis and how do they compare to 

patients with bacterial meningitis? 

x What is the impact of viral meningitis in the UK – to the patient and to the 

economy? 

Having answered these questions I then looked at how diagnosis might be improved by 

asking the following questions: 

x Does having an aetiological diagnosis matter? What are the effects on the patient 

and/or the wider health service?  

x How do medical staff approach the patient with suspected meningitis and what 

determines how they investigate and manage such patients? 
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x And finally can the diagnostic yield be increased by systematic PCR testing for a 

range of pathogens? 
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Chapter 2 - Methods and methodology 
 

2.1 Methodology 

Methodology is “the strategy, plan of action, process or design lying behind the choice and 

use of particular methods and linking the choice and use of methods to the desired 

outcome”.167 Carter and Little tell us that the methodology provides a justification for the 

methods that we use.197 A methodology will have an underlying theoretical perspective and 

that perspective will be informed by the researcher’s epistemologya. These terms are often 

used more overtly in qualitative research and can be confusing to the researcher more used 

to quantitative research, however they are not unique to qualitative work.  For example, 

quantitative research often uses methods of direct measurement, based on an objectivist 

epistemology, a positivist theoretical perspective and an experimental research 

methodology. This is the methodology, methods and theoretical perspective that is 

employed in chapters 3, 4 and 6. In contrast, the work in chapter 5 uses interviews as the 

basic methods which stem from an adapted grounded theory methodology. In choosing this 

methodology, I was informed by a constructionist epistemology and an interpretivist 

theoretical perspective. I have also utilised the emerging theory of the sociology of diagnosis 

which includes areas such as the patient doctor relationship and the process of diagnosis. 

The qualitative methodology and theoretical perspectives are expanded on in chapter 5. I 

have used mixed methods in this thesis as a way of examining the ‘what’ and ‘how much’ as 

well as the ‘why’ and ‘how’.  

 

 

                                                           
a Epistemology is a philosophical standpoint that underpins much research, more implicitly in social 
research. It is the theory of how we develop and produce knowledge. Green and Thorogood state 
that “as research is essentially about producing knowledge……some attention to epistemology is 
vital”198. Green J, Thorogood N. Chapter 1. Qualitative methodology and health research.  
Qualitative methods for health research; 2014: 3-34. 
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2.2 The UK Meningitis Study – a prospective observational cohort study 
 

I established a prospective observational cohort study entitled ‘The UK Meningitis Study’ 

which underpins all the work in my PhD. (The study was initially called the ‘Meningitis 

NorthWest study’ and later renamed to the ‘UK Meningitis study’). This study provided the 

clinical data for chapters 3 and 4, access to patients and medical staff to interview for chapter 

5 and the samples for the work in chapter 6.  

Methods 

Adults with suspected meningitis were identified from 41 hospitals throughout England 

between September 2011 and September 2014. All hospitals within the northwest region of 

England that admit acute medical patients participated in the study. Hospitals and principal 

investigators are listed in appendix 8.1. Incidence data were derived from recruitment in the 

Northwest hospitals using denominator data from the office of national statistics.  

Inclusion criteria 

Patients were eligible if they were 16 or over, had suspected meningitis, as documented in 

the clinical notes, and had a lumbar puncture. If patients could not have a lumbar puncture, 

but had suspected bacterial meningitis with positive blood culture or polymerase chain 

reaction (PCR) for a significant pathogen, or radiological features supporting a diagnosis of 

meningitis such as meningeal enhancement they were eligible. Patients with indwelling intra-

cerebral ventricular devices were excluded.  

Potential patients were identified by clinicians, when seeing a patient with suspected 

meningitis, or by the local laboratory when a cerebrospinal fluid (CSF) sample was received. 

Written informed consent was provided. If a patient lacked capacity, a personal consultee 

declaration was sought. Clinical data were recorded on electronic case record forms on a 

secure online database (OpenClinica™). Patients self-reported duration and severity of 
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symptoms over a three week period following admission using the total morbidity score 

(TMS) and returned it in a pre-paid envelope (appendix 8.2). Data were checked by myself 

and a data manager. The protocol for the UK Meningitis study can be found at   

www.braininfectionsuk.org/ukmeningitis.  

2.2.1. Statistical analysis 

Data were analysed using SPSS v21, R v3.1.1 and Graphpad prism v7. Categorical data were 

analysed using Chi Square test (or Fisher’s exact where expected counts were less than five). 

Data were checked for normality and non-parametric continuous data analysed using Mann 

Whitney U or Kruskal-Wallis tests. T tests were used for normally distributed data. 95% 

confidence intervals were calculated using the Byar’s method199 for incidence data and non-

parametric bootstrapping for economic estimates. Variables associated with symptom 

resolution were determined univariately using log-rank tests. Measures of diagnostic 

accuracy were analysed using 2 x 2 contingency tables for categorical variables and ROC 

curves for continuous data.  

2.3 Interview methods 
I used semi-structured interviews and a constructivist grounded theory methodology.200 I 

interviewed both medical staff and patients in order to understand both sides of the 

relationship that goes into making a diagnosis. All participants, patients and doctors, were 

identified via the UK Meningitis study.  Sampling was purposive and heterogenousb. I aimed 

to get a combination of patients in whom the aetiology was known and unknown. I aimed to 

get a mixture of male and female, although looking for slightly more females due to the 

condition generally being more common in the female population. The other aspect of the 

purposive sampling was the type of hospital that the patient had been in, whether it was a 

                                                           
b Purposive sampling is non-probability sampling where the researcher chooses the sample based on 
their own judgement of the research question. Heterogenous purposive sampling means that a 
diverse group of participants are chosen to represent variation within the population.  

http://www.braininfectionsuk.org/ukmeningitis
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large teaching hospital or a smaller district general hospital. With regard to the medical staff 

I aimed to get a mixture of grades of doctor ranging from first year post qualification to 

consultants, a mixture of specialities and a good geographical spread as well as a balanced 

gender distribution. The sampling was iterative and theoretical. For example, after I had 

interviewed some healthcare workers and patients I realised there were issues with delays 

in diagnostic tests. I had, at this point, not planned to interview any doctors from the 

emergency department (ED) who are often the first people to see the patient and develop 

the first management plan. Therefore I decided it would be good to get their perspective as 

well and so arranged to interview some doctors from the ED. 

The interview schedules were derived from a number of sources - the background and 

experiences of the authors; knowledge from the quantitative work leading up to this study; 

established literature; preliminary, informal discussions with patients who had had viral 

meningitis and discussions with colleagues. Both interview schedules were adapted after the 

first few interviews in an iterative process. The schedules can be seen in appendix 8.3.  The 

interviews started with a narrative where either the patient would tell me their story or the 

doctor told me their experience of a recent or memorable patient they had been involved 

with who had suspected meningitis, followed by a more structured interview to probe any 

issues that came from the narrative or explore areas that had not been covered. Two of the 

patient interviews (Elizabeth and Peter) were carried out with both the patient and their 

partner in the room. 

Identification of patients 

Utilising the UK Meningitis study network, patients were identified who had been 

hospitalised for acute meningitis within 3-6 months previously. These patients had all given 

consent to be in the UK Meningitis study and had consented to being contacted in the future. 

Letters were sent to the patients with an information sheet and an invitation to respond if 
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they were interested in taking part in an interview regarding their experiences of having 

meningitis. When a patient replied a mutually convenient time was arranged to carry out the 

interview, normally in the patient’s home. Further written informed consent was obtained at 

the time of the interview. In addition to contacting patients who were already enrolled in the 

study, patients were also recruited when they contacted the Meningitis Research Foundation 

expressing a wish to be involved in research. These patients were also sent the relevant 

information, either by post or by e-mail. All interviews were audio-recorded and transcribed 

by an experienced health services transcriber. Field notes were also recorded by hand after 

the interviews.  

2.3.1 Analysis 

The analytical process began as soon as the interviews commenced. Following each interview 

I recorded short notes where I jotted down what themes might be emerging and where 

certain ideas may link with other interviews already done or what questions I should 

concentrate on next time. Following this the next step in analysis was coding. As I was new 

to qualitative research I initially coded two interviews in parallel with my supervisor (PB). This 

helped to ensure I learnt the skill of coding whilst also helped to identify areas I might not 

have originally thought of. Although the patient interviews were largely performed prior to 

the medical interviews there was some overlap and each influenced the other. 

When the interviews were almost completed I continued the process of coding, starting with 

the patient interviews and moving on to the medical interviews. I was able to compare what 

I had found from the patient interviews with the medical interviews. I also compared 

between interviews in each set. Initially I listened to each interview whilst reading the 

transcript which allowed me to check for accuracy but also to remind myself of the nuances 

of the actual interview. This method allowed me to benefit from the speed of using a 

transcriber but yet I still gained from that initial analytical phase of listening to the interview. 
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As I became more used to the process and the codes and themes were beginning to show 

patterns I coded on the first listen rather than listening first and then coding. 

I commenced with a systematic coding or indexing process, initially coding short sections, 

akin to line by line coding.201 Following that I undertook axial coding, where I began to 

collapse and combine the initial codes into larger more conceptual categories comparing with 

other interviews and what I had read in the literature. The main themes were put into a 

framework matrix. Once in the framework I then began to write up the findings –as below. 

This process in itself allowed for further analysis, and subsequent coding. I used NVivo™ 

software to organise and manage my data. 

2.4 Ethics and governance 
Ethical approval for the UK Meningitis study was given by the North Wales multi-centre 

research ethics committee (11/WA/0218). Approvals were given by all NHS sites through 

their individual research and development departments. 

All but one of the patients (Heather) in the interview study had been recruited through the 

UK Meningitis study and had consented to be contacted again in the future. The other patient 

contacted the Meningitis Research Foundation expressing a wish to be involved in the study 

– ethical approval was sought, via an amendment, and granted for this. All patients were 

consented separately for the interview study. They received a patient information leaflet 

with an explanatory letter in the post. The onus was then on them to contact me if they 

wanted to take part, as such there was no coercion or feeling of duty on the part of the 

participant. Ethical approval was also given to interview medical staff and each NHS site that 

was involved in the study granted permission for me to interview staff on their grounds by 

issuing either an honorary contract or letter of access.  

The ethical issues surrounding qualitative medical research are not always as readily 

apparent as they might be in quantitative research, however, the same principles apply. The 
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declaration of Helsinki describes in detail the pillars that should govern all medical research. 

Some of the key areas it addresses are:  

x It is the duty of the physician to promote and safeguard the health, wellbeing and 

rights of patients, including those involved in research 

x It is the duty of physicians who are involved in medical research to protect the life, 

health, dignity, integrity, right to self-determination, privacy, and confidentiality of 

personal information of research subjects. 

x Risks and benefits to research subjects must have been carefully considered 

beforehand 

x Participation by individuals capable of giving informed consent as subjects in medical 

research must be voluntary. 

By giving the participants the option to respond to me helped to make sure that there was 

no perceived obligation or coercion to consent to be involved. One of the biggest ethical 

issues was that in my capacity as a doctor I am bound by the principles to “promote and 

safeguard the health, wellbeing and rights of patients“. This meant that if a patient, or a 

doctor, divulged information that I felt risked either the patient’s health that I was 

interviewing or the health of the patients under the care of the doctor I would be duty-bound 

to act. This could be seen as a conflict with my role as a researcher which might be seen to 

be more impartial. Also, because I was a doctor inevitably both patients and doctors asked 

me questions about meningitis. One school of thought would be that I should have stayed 

neutral and not divulged that I was a doctor and so distanced myself from getting involved. 

However, I believe that would go against the medical code of conduct and is verging on fraud. 

I think that as a doctor and by being able to respond, where possible, to these questions the 

rapport was enhanced. The role of being an ‘insider-researcher’ is considered more at the 

end of chapter 5. 
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Confidentiality has been attempted to be maintained as only pseudonyms are recorded here 

and any potential identifiers have been changed. However, even this is hard to ensure 

completely as the specialty is relatively small and people know people who have taken part 

(because they talk about it) and so if there is only one person of that grade in that specialty 

they know it is them. Risks, burdens and benefits are more difficult to ascertain. Potential 

risks include the use of a person’s time, and for the patients, potential remembrance of 

traumatic times in their lives. This should not always be seen as detrimental as it could be 

good for a patient to talk to an expert about their experiences and be able to ask questions 

that they wish to ask. Benefits are that the people being interviewed will get to discover more 

about their own experiences and practices whilst also being able to ask questions.   

There were ethical issues regarding the fact that I had access to most of the patients’ medical 

information, as in the information given by the research nurse when they were part of the 

original study. In view of this I deliberately refrained from looking up any medical information 

about the patients before I went to interview them. I did not want to come from any position 

of specific medical knowledge which meant if a participant asked me anything I could 

legitimately say I did not know.  

2.5 Funding 
The UK Meningitis Study was funded by both the Meningitis Research Foundation (through 

a grant to Professor Tom Solomon) and the National Institute for Health Research (through 

a personal doctoral research fellowship to myself). 
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Chapter 3 - The UK Meningitis study – an observational cohort 
study describing the incidence, aetiology, clinical features and 

outcome in patients with meningitis in the UK.  
 

3.1 Introduction 
Viral meningitis is increasingly being recognised as the most common form of meningitis in 

adults.5,6,15,16,202 If the incidence of bacterial meningitis continues to decline2,4,23,25 and 

improvements continue in viral diagnostics98,107,203 the proportion of cases of meningitis 

diagnosed as viral will continue to increase. As molecular diagnostics have been used more 

frequently, there has been a 7-fold rise, between 2004 and 2013, in reports of viral 

neurological infections in England and Wales, including meningitis.27 Recent trends in 

bacterial, fungal and mycobacterial meningitis in the UK have been published3 but there have 

been no attempts to determine the burden and causes of viral meningitis in the UK. These 

recent laboratory based studies lack significant corresponding clinical information and do not 

include patients where a pathogen was not identified, previously estimated between 34% 

and 42% in other countries.10,11,19 

Enteroviruses have traditionally been considered the commonest cause of viral meningitis 

but this is not always so - in a Finnish cohort herpes viruses were just as common.10,11,19 This 

is important as herpes meningitis may be amenable to treatment with aciclovir, although the 

effectiveness of this has not been evaluated in randomised trials.  

Health economic studies often utilise large databases such as hospital episodes statistics. This 

lacks the detail of a patient level analysis and there are concerns regarding the clinical validity 

of such databases.204 Understanding the burden of disease will allow for improved planning 

of resources for the health service and can guide future research policy. It will also aid the 

individual clinician to be better able to form a differential diagnosis for patients seen with 

suspected meningitis.  
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In order to ascertain the incidence of viral meningitis in the UK and determine what viruses 

contribute to the burden, I carried out a nationwide prospective observational study, the UK 

Meningitis Study, with the primary aim of determining the incidence and aetiology of viral 

meningitis in adults in the UK. Secondary objectives included describing the clinical features 

of patients with viral meningitis and estimating the burden imposed by the disease on both 

patients and the NHS. The incidence economic data were derived from a Northwest study 

nested within the national study. These data were then extrapolated to give UK wide 

estimates on incidence and direct healthcare costs. 

My specific aims for this chapter are: 

1) Estimate the incidence of viral meningitis in the UK and determine which viruses 

contribute to the disease burden; 

2) Estimate the cost of viral meningitis on the NHS in the UK; 

3) Determine the causes of meningitis in the UK adult population; 

4) Describe the demographic, clinical and laboratory features of all adult patients who 

present with suspected meningitis; 

5) Explore the clinical management of such patients with an emphasis on barriers to 

diagnosis; 

6) Review the early outcome in terms of length of symptoms in patients with 

meningitis. 

3.2 Methods 
The UK Meningitis study, as described in the previous chapter, provided the data for this 

chapter. Case definitions are given in table 3.1.
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Table 3.1. Case Definitions 

Meningitis Patient with symptoms consistent with meningitis and a cerebrospinal fluid leukocyte 

count >4 x 106 cells/L* 

OR 

Patient with symptoms consistent with meningitis, CSF leukocyte count ≤4 x 106 cells/L 

and positive culture or PCR or serology for an appropriate pathogen from CSF or blood 

Viral meningitis  Meningitis 

AND 

Positive CSF PCR for a viral pathogen 

OR 

Detection of an appropriate pathogen by either throat swab, rectal swab or serology 

Bacterial meningitis Meningitis 

AND 

Detection of an appropriate pathogen from either blood or CSF by PCR, culture or 

Gram stain. 

OR 

Patient with symptoms consistent with meningitis  

AND 

Detection of an appropriate pathogen from blood by PCR, culture or Gram stain 

OR 

Radiological evidence of meningitis 

Lymphocytic meningitis – 

unknown aetiology 

Meningitis 

AND 

CSF lymphocytes > 50% of total leucocyte count 

AND 

No cause identified 

Purulent  meningitis – unknown 

aetiology 

Meningitis 

AND 

CSF lymphocytes ≤ 50% of total leucocyte count 

AND 

No cause identified 

Undifferentiated meningitis Meningitis 

AND 

No CSF leucocyte differential was performed and no cause identified 

Encephalitis Altered consciousness for >24 hours (including lethargy, irritability or a change in 

personality) With 2 or more of the following · Fever or history of fever (≥38 degrees 

Celsius)during the current illness · Seizures and/or focal neurological signs(with 

evidence of brain parenchyma involvement) · CSF pleocytosis (>4 x 106 cells/L) · EEG 

suggesting encephalitis · Neuroimaging suggestive of encephalitis (CT or MRI) with no 

other cause found 

Tuberculous meningitis Identification of Mycobacterium tuberculosis in the CSF or treated as tuberculous 

meningitis for ≥ 2 months 

Meningitis – other cause Meningitis with a cause identified other than meningeal infection 

*corrected for CSF red cell count by 1:700 

CSF – cerebrospinal fluid; PCR – polymerase chain reaction; EEG – electroencephalogram; CT – computed tomography; 

MRI – magnetic resonance imaging 
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3.2.1 Estimation of meningitis incidence 
 

Incidence rates were estimated by dividing the number of patients recruited in the Northwest 

in one year by the total adult population of the region. To estimate how many cases of 

meningitis were missed by the methods described above, and therefore not recruited, a 

retrospective review of laboratory records, over one year, was performed in four hospitals 

within the Northwest. These hospitals were selected to represent variation in recruitment 

rates throughout the whole study.  CSF samples with a white cell count of >4 x 106 cells/L 

were identified from laboratory records in these four centres and classified according to 

pathogens identified (or unknown if none found).  A proportional uplift, based on the total 

number of cases (those recruited and those missed from the representative sites) divided by 

the actual number recruited into the study, was applied to the initial Northwest incidence 

data.  This was extrapolated to estimate the population-standardised number of cases in the 

UK. Population data were sourced from the office of national statistics205. The data obtained 

from this retrospective review were used to estimate only the incidence data. All other data 

were obtained directly from patients recruited into the study. 

3.2.2 Detailed health care cost estimation 
 

To estimate the economic burden I employed a perspective focused purely on direct 

healthcare costs. We investigated the consumption of those resources contributing most to 

the costs of viral meningitis, namely hospitalisation, neurological imaging, LPs and 

antimicrobials.206 Appropriate unit costs were applied, sourced from NHS reference costs, 

the British National Formulary and local diagnostic laboratories. Unit costs were sourced 

from NHS reference costs207, the British National Formulary208 and diagnostic laboratories. 

Costs were calculated from northwest patient level data, annualised and then generalised to 

the UK. 
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3.2.3 Symptom resolution 

Viral meningitis is often quoted to be a benign and self-limiting condition.170,171 There are 

some reports of persistent problems however such as neurocognitive dysfunction and 

prolonged headaches.19,209,210 To assess any ongoing problems patients self-reported 

persistent symptoms over three weeks following admission using the total morbidity score  

– previously used in enteroviral meningitis studies (appendix 8.2).149 The total morbidity 

score documented the course of symptoms over a three week period following admission to 

hospital. Day one of the score was the day of hospital admission. This is a questionnaire based 

score that is filled in by the patient. It documents a score for headache (0-6), nausea and 

vomiting (0-3), neck stiffness (0-3), photophobia (0-3), myalgia (0-3) and fever (0-3). 

Complete resolution of a symptom was defined as a score of 0 with no further increase. 

Resolution to mild was defined as a score of 1 or less for 2 or more days and no subsequent 

increase for all symptoms except headache where it was a score of 2 or less for 2 or more 

days with no subsequent increase. The total score was defined as mild when the total score 

was 6 or less for 2 or more days and no subsequent increase. Patients in whom their scores 

never exceeded the outcome score, that is, 0 for complete symptom resolution and 1 (or 2 

for headache and 6 for total score) for resolution to mild were excluded from the analysis. 

The majority of patients did not have a fever at the outset and therefore temperature was 

not evaluated. 

3.2.4 Statistical analysis 

Data were analysed using SPSS v21 and R v3.1.1. Data were checked for normality and non-

parametric continuous data analysed using Mann Whitney U or Kruskal-Wallis tests, t-tests 

were used for parametric data. Categorical data were analysed using Chi Square test (or 

Fisher’s exact where expected counts were less than five). 95% confidence intervals (CI) were 

calculated using Byar’s test for incidence data and non-parametric bootstrapping for 

economic estimates. 95% CI were extrapolated from Northwest data to estimate the UK 
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incidence and costs.  Variables associated with symptom resolution were determined 

univariately using log-rank tests.  

3.3 Results 

Missing data 

Results are recorded as n/number available. The number available is not always 

representative of the total number of patients due to missing data. Although the median 

percentage for missing individual variables is low (4%), only 427/1117 patients (38%) had a 

complete data set. This is similar to other large cohort studies.44 

3.3.1 Aetiology, demographics and incidence 

The flow and overall distribution of patients is presented in figure 3.1. 2119 patients were 

screened as potentially eligible for the study over the 3 year period. 1126 patients were 

enrolled and sufficient data were available for 1117 to be analysed. 638 (57%) had meningitis, 

231/638 (36%) had viral meningitis and 99/638 (16%) had bacterial meningitis (excluding 

those with tuberculous meningitis). Enteroviruses were the most frequently identified viral 

cause and the single most common aetiology overall.   They accounted for 127 (55%) of the 

231 episodes of viral meningitis; 19% of all meningitis cases. 101 (44%) cases were caused by 

herpes viruses (Herpes Simplex Virus (HSV) type-2 (52), Varicella Zoster Virus (43), HSV type 

1 (3), Epstein Barr Virus (2) and cytomegalovirus (1)). Herpes viruses were responsible for 

15% of all meningitis cases. Streptococcus pneumoniae was the most common bacterial 

pathogen, responsible for 53 bacterial cases (54%). This equated to 8% of all meningitis cases. 

There were 29 cases of meningococcal meningitis (29% of bacterial meningitis). 48% of the 

meningococcal cases were due to serogroup B, 21% serogroup Y, 3% W and in 28% the 

serogroup was unknown. There were also 4 cases of cryptococcal meningitis (all HIV positive), 

and 11 cases of tuberculous meningitis. 267 patients (42%) with meningitis did not have a 

cause identified, 200/267 (75%) had a lymphocyte predominance in their CSF, classified as 
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lymphocytic meningitis – unknown aetiology, and 41/267 (15%) had a neutrophil 

predominance, classified as purulent meningitis – unknown aetiology. The predominant cell 

count was unknown in 26/267 (10%). 26/638 patients (4%) had an alternative cause of 

meningitis identified (figure 3.2). 454/1117 (41%) did not have meningitis and had a variety 

of final diagnoses, commonly headache, migraine and unspecified viral illnesses. 
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1126 patients enrolled 

1117 patients 

9 patients excluded as insufficient data 

993 patients ineligible or did not consent 

No LP (1) or no CSF WCC (4) 

2119 patients screened 

No LP - unknown diagnosis (21) 

Meningitis confirmed by 
microbiological and 
radiological means (5) 

Streptococcus pneumoniae 
(3) 
Neisseria meningitidis (1) 

 

Unknown aetiology (200) 

Lymphocytic meningitis (>50%) 
(433)  

Unknown aetiology (41) 

Purulent meningitis (≥50% 
neutrophils) (130) 

Unknown aetiology (26) 

Enterovirus (105) 
Herpes Simplex Virus (54) 
Varicella Zoster Virus (43) 
Other  (4) 

Streptococcus pneumoniae (8) 
Neisseria meningitidis (4) 
Other bacteria (6) 
 

Enterovirus (14) 
Herpes Simplex Virus (1) 
Other virus (1) 
 

Other bacteria: 5 x Haemophilus influenzae, 3 x Listeria monocytogenes, 1 each of Group A Streptococci, Group B Streptococci, Streptococcus oralis, Mycoplasma pneumoniae, Fusobacterium species, 
Escherichia .coli, mixed gram negative meningitis (Pseudomonas species and Klebsiella species – possibly contaminants), 2 x positive 16S with no product identified. Other viruses: 2 x Epstein Barr virus, 1 x 
cytomegalovirus, 1 x measles, 2 x mumps.  Not meningitis (n = 454): 123 Non-specified viral illness, 18 Urinary tract infection, 94 other infection, 95 headache/migraine, 124 other/unknown 

 

Streptococcus pneumoniae(38) 
Neisseria meningitidis(24) 
Other bacteria (10) 

 

Undifferentiated meningitis - 
no CSF leukocyte differential 
performed* (41) 

Enterovirus (8) 
Other virus (1) 

Streptococcus pneumoniae (3) 
Other bacteria (1) 

Streptococcus pneumoniae (1) 

Enterovirus (127) 
Herpes Simplex Virus (55) 
Varicella Zoster Virus (43) 
Other virus (6) 
Viral meningitis (231) 

Mycobacterium tuberculosis (1) Mycobacterium tuberculosis (8) 
 

Mycobacterium tuberculosis (1) 
 

Streptococcus pneumoniae (53) 
Neisseria meningitidis (29) 
Other bacteria (17) 
Bacterial meningitis (99) 

 

Other causes of meningitis (26) 
(box 3.2) 

 

Cryptococcal meningitis (4) Cryptococcus neoformans (1) Cryptococcus neoformans (1) Cryptococcus neoformans (2) 

Total number of patients with 

meningitis by aetiology (638) 

Encephalitis (4) 

Unknown aetiology (267) 

Figure 3.1 Flow chart of study and final 

diagnoses of patients recruited (n) 

CSF white cell count >4 x 106 cells/L (630) 

Mycobacterium tuberculosis 
(1) 

Tuberculous meningitis (11) 

CSF white cell count ≤4 x 106 cells/L 

(457) 

Non- meningitis illness (454) 
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Figure 3.2. Other causes of meningitis in the study population (n)* 

Infective (6) 
Neurosyphilis (2) 
Staphylococcus aureus endocarditis with cerebral emboli/epidural collection (2) 
Infected spinal stimulator (bacteria grown from wound swab) 
Subdural empyema 
 
Non-infective (20) 
Cerebral haemorrhage (3) 
Cerebral infarct (2) 
Idiopathic intracranial hypertension (2) 
Malignancy (2) 
Post-surgical meningitis (2) 
Cluster headache 
Epidural haematoma 
Lymphocytosis hypophysitis 
Migraine 
Miller Fisher Syndrome 
Multiple Sclerosis 
Neurosarcoidosis 
Seronegative uveomeningeal syndrome 
Sjogren’s syndrome 
 
*Diagnoses are as the attending physician recorded them. 

 
 
 
 



74 
 

Patient characteristics are shown in table 3.2. Patients with viral meningitis were younger 

(median age - 32 years versus 55.5 years, p=<0.0001) and more likely to be female (152/231 

(66%) versus 49/99 (50%), p= 0.007) than those with bacterial meningitis. Enteroviral 

meningitis predominated in the younger age groups with 106/127 (83%) cases occurring in 

the under 41’s.  42/53 (79%) cases of pneumococcal disease occurred in the over 40’s. The 

highest proportion of meningococcal disease was seen in the 16-25 age group (11/29 (38%)) 

but there were similar amounts in older age groups too, 9/29 (31%) in the 41-60’s and 6/29 

(21%) in the over 60’s (p=1.0, figure 3.3). 

There was seasonal variation in the aetiology of meningitis (figure 3.4). 50/127 (39%) of 

enteroviral cases were admitted in the summer months compared with 22/127 (17%) in the 

winter, 19/127 (15%) in the spring and 36/127 (28%) in the autumn.  There also seemed to 

be a predominance of herpes cases in the summer with 20/55 (36%) of HSV meningitis and 

18/43 (42%) of VZV meningitis presenting in the summer. Bacterial meningitis was more 

common in the winter with 20/53 (38%) of pneumococcal cases and 13/29 (45%) of 

meningococcal cases presenting then.  

The incidence of viral meningitis and bacterial meningitis, incorporating the proportional 

adjustment for missing cases, was estimated to be 2.73 (95% CI 2.13-3.44) and 1.24 (95% CI 

0.76-1.77) per 100,000 adults per year respectively (table 3.3). When all cases were 

considered, including those where no specific aetiology was established, the annual 

incidence of all causes of meningitis was 13.47 (95% CI 11.55-15.59) per 100,000 population. 
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Table 3.2. Demographic and clinical features of patients with suspected and confirmed meningitis in the UK meningitis study 

          Bacterial meningitis      Viral meningitis      Unknown aetiology 

          ----------------------------------------------------------------------   -------------------------------------------------------------------------------------------------   ------------------------ 

  All patients 
(n=1117) 

Not meningitis 
(n=454) 

All meningitis 
(n=637) 

p value    
* 

All bacterial 
meningitis (n=99) 

Pneumococcal 
meningitis (n=53) 

Meningococcal 
meningitis (n=28) 

P value 
** 

All viral meningitis 
(n=231) 

Enteroviral 
meningitis 

(n=127) 

HSV meningitis 
(n=55) 

VZV meningitis 
(n=43) 

P value 
*** 

Purulent 
meningitis 

(n=41) 

Lymphocytic 
meningitis 

(n=199) 

Age 34 (25,49) 36 (25,48) 34 (25,49) 0.788 56 (34,65) 60 (42.5,65.5) 44 (19.5,57) 0.002 32 (24,42) 30 (24,36) 34 (26,50) 37 (25,53) 0.004 33 (23,48.5) 33 (27,45.5) 

Percentage female  704/1117 (63) 302/454 (66) 388/637 (61) 0.065 49/99 (49.5) 29/53 (55) 11/28 (39) 0.15 152/231 (66) 79/127 (62) 45/55 (82) 24/43 (56) 0.01 24/41 (58.5) 128/199 (64) 

 

Neck stiffness   603/1079 (56) 238/436 (55) 348/616 
(56.5) 0.571 39/92 (42) 19/47 (40) 11/29(38) 0.83 149/229 (65) 80/126 (63.5) 43/54 (80) 22/42 (52) 0.01 20/36 (56) 100/179 (56) 

Headache   
1025/1096 

(93.5) 415/446 (93) 587/623 (94) 0.445 82/92 (89) 43/47 (91.5) 26/29 (90) 1 229/231(99) 127/127 (100) 54/54 (100) 42/43 (98) 0.19 36/41(88) 190/197 (96) 

Photophobia   747/1083 (69) 320/443 (72) 415/613 (68) 0.119 39/91 (43) 18/47 (38) 14/29 (48) 0.39 185/231 (80) 111/127 (87) 42/55 (76) 28/43 (65) 0.004 20/35(57) 121/178 (68) 

History of rash  139/974 (14) 75/437 (17) 78/607 (13) 0.062 21/93 (23) 5/48 (10) 14/29 (48) <0.001 29/228 (13) 11/125 (9) 6/54 (11) 11/43 (26) 0.02 2/33 (6) 14/175 (8) 

Confusion  217/1077 (20) 65/436 (15) 145/615 (24) <0.001 54/95 (57) 36/50 (72) 10/29 (34.5) 0.001 22/227 (10) 10/125(8) 5/53(9) 7/43(16) 0.28 12/38 (32) 35/159 (18) 

Sore throat  189/1048 (18) 109/427 (25.5) 77/594 (13) <0.001 12/90 (13) 4/46 (9) 5/28 (18) 0.285 31/221 (14) 22/124(18) 6/50(12) 1/41 (2) 0.04 8/36 (22) 23/189 (12) 

Vomiting  601/1088 (55) 229/441 (52) 359/622 (58) 0.061 62/94 (66) 28/48 (58) 24/29 (83) 0.03 123/229 (54) 66/126 (52) 26/54 (48) 29/43 (67) 0.14 24/39 (62) 118/196 (60) 

Diarrhoea  107/1049 (10) 42/429 (10) 63/596 (11) 0.684 17/92 (18.5) 6/47 (13) 5/29 (17) 0.59 25/220 (11) 13/120 (11) 4/53 (8) 7/42 (17) 0.4 4/33 (12) 14/190 (7) 

Myalgia  363/1029 (35) 173/420 (41) 182/585 (31) 0.001 21/90 (23) 4/46 (9) 12/29 (45) <0.001 73/221 (33) 38/124 (31) 22/51 (43) 9/40 (23) 0.1 16/36 (44) 57/179 (32) 

Genital Ulcers  8/941 (1) 3/369 (1) 5/550 (1) 0.878 0/88 (0) 0/44 (0) 0/29 (0) n/a 5/206 (2) 0/112 (0) 5/48 (10) 0/40 (0) 0.001 0/32 (0) 0/167 (0) 

Seizures  46/1069 (4) 25/432 (6) 20/613 (3) 0.048 8/96 (8) 6/51 (12) 1/29 (3) 0.41 0/226 (0) 0/126 0/51 0/43 n/a 4/35 (10) 3/189 (2) 
Previous history of 

meningitis   
117/1077 (11) 44/437 (10) 72/615 (12) 0.396 11/95 (12) 9/50 (18) 1/29 (3) 0.08 24/226 (11) 7/126 (6) 15/53 (28) 2/41 (5) <0.001 2/39 (5) 24/193 (12) 

 

Fever (>38⁰C) 260/1117 (23) 110/454 (24) 143/618 (23) 0.511 39/99 (39) 26/53 (49) 7/29 (24) 0.03 43/226 (19) 28/127 (22) 8/55 (14.5) 6/43 (14) 0.33 8/38 (21) 39/154 (20) 

Kernig’s positive  104/472 (22) 51/203 (25) 49/259 (19) 0.113 9/25 (36) 4/12 (33) 2/7 (29) 1 27/116 (23) 14/70 (20) 11/31 (35.5) 2/11 (18) 0.269 1/17 (6) 7/78 (9) 

Brudzinski’s positive  30/184 (16) 11/72 (15) 18/108 (17) 0.839 4/12 (33) 2/6 (33) 1/3 (33) 1 10/41 (24) 5/26 (19) 5/10 (50) 0/4 (0) 0.123 0/11 (0) 3/34 (9) 

GCS  15 (15,15) 15 (15,15) 15 [15,15] 0.004 14 [10,15] 11 (9,14) 15 (14,15) <0.001 15 [15,15] 15 (15,15) 15 (15,15) 15 (15,15) 0.25 15 (15,15) 15 (15,15) 

Blood WCC (x 10
9
/L) 9.4 (7.1,12.9) 9.3 (6.8,12.9) 9.45 (7.4,13) 0.252 16.39 (12.52,21.9) 16.9 (13.7,21.5) 17.8 (11.1,24.4) 0.74 8.8 (7.1,10.6) 8.8 (6.9,10.6) 9.4 (7.9,12) 8.6 (6.4,10.3) 0.07 9.6 (7.9,13.9) 8.9 (7.1,11.8) 

Blood neutrophil count 

(x 10
9
/L) 

7.1 (4.7,10.5) 7 (4.4,10.5) 7.2 (5,10.6) 0.06 14.34 (11,19.4) 15.3 (12.2,18.7) 15.6 (9.5,23.1) 0.64 6.55 (4.9,8.23) 6.9 (5.1,8.3) 7.2 (5.7,9.1) 6 (4.2,7.7) 0.03 7.7 (5.7,11.7) 6.2 (4.6,9.5) 

CRP  (mg/L) 49.5 (22,122) 55 (28,120.5) 42.5 (19,123) 0.034 164 (67,261) 169 (69,263) 184 (111,295) 0.34 20 (14.5,37.5) 20 (16,38.5) 11 (10,28) 25.5 (18.5,76) 0.02 38 (15,148) 31 (18,82) 

CRP <10 41% 163/454 (36) 278/637 (44) 0.006 6/99 (6) 10% 0% 0.15 125/231 (54) 35% 83% 90% <0.001 24% 53% 
CSF Opening 

Pressure  (cm CSF) 
20 (15,25.5) 18 (15,21) 22 (16,28) 1 30 (21,40) 36 (26,40) 30 (18,35) 0.07 21 (16.25,27) 21 (15,26) 22 (20,29) 25 (16,30) 0.34 23.5 (21,29.5) 20 (15,25) 

CSF leukocyte count 

(x10
6
/L) 

77 (5,306) n/a 155 (44,450) <0.001 1800 (377,4850) 2180 (668,4340) 2000 (480,7175) 0.81 188 (67,355) 118 (44,218) 374 (225,718) 249 (106,450) <0.001 133 (29,730) 102 (34,255) 

CSF neutrophil 

percentage 
5 (0,37) n/a 10 (0,47) <0.001 90 (66,95) 90 (68,96) 90 (79,98) 0.62 5 (0,14.25) 8 (2,22) 1 (0,10) 0 (0,10) <0.001 80 (60,90) 4 (0,10) 

CSF protein (g/L) 0.53 (0.32,0.98) 0.32 (0.25,0.45) 0.81 (0.53, 
1.38) <0.001 4 (2,6.68) 5.63 (3.1,8.12) 3.0 (1.17,6.67) 0.03 0.76 (0.54,1.12) 0.57 (0.45,0.75) 1.14 (0.9,1.32) 1.18 (0.89,1.4) <0.001 0.8 (0.5,1.44) 0.68 (0.49,1.0) 

CSF glucose (mmol/L) 3.2 (2.8,3.7) 3.5 (3.2,3.9) 3 (2.5,3.5) <0.001 1.1 (0.3,2.7) 0.5 (0.2,1.7) 1.1 (0.4,2.8) 0.02 3 (2.7,3.4) 3.1 (2.8,3.5) 3.0 (2.7,3.4) 2.85 (2.5,3.23) 0.009 3.3 (2.7,3.9) 3.1 (2.8,3.4) 

CSF:serum glucose ratio 0.58 (0.46,0.67) 0.63 (0.57,0.7) 0.52 
(0.4,0.62) <0.001 0.12 (0.03,0.41) 0.04 (0.01,0.26) 0.15 (0.05,0.42) 0.02 0.56 (0.49,0.63) 0.58 (0.53,0.64) 0.52 (0.48,0.61) 0.54 (0.45,0.63) 0.104 0.57 (0.41,0.66) 0.57 (0.46,0.66) 

Values are median [IQR] for continuous data and N/n. evaluable (%) for categorical data. *Significance values comparing all meningitis and not meningitis**Significance values comparing pneumococcal and meningococcal. 
***

Significance values comparing HSV, VZV and enteroviral 

GCS – Glasgow Coma Scale; WCC – White cell count; CRP – C-reactive protein; CSF – cerebrospinal fluid; HSV – Herpes Simplex Virus; VZV –Varicella zoster virus. 
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Table 3.3. Estimated incidence of community acquired meningitis in UK adults by aetiology 

Aetiology Total number of patients 

recruited in Northwest 

sites over duration of 

study 

Estimated 

number of 

patients in one 

year~  

Estimated annual 

incidence (95% CI) in 

Northwest* based on 

numbers recruited (per 

100,000)  

Proportional 

increase # 

Estimated annual 

corrected Incidence 

(95% CI) (per 100,000 

population) 

Estimated number 

of cases a year in 

the UK (95% CI) 

             

Enteroviral 85 39 0.70 (0.49-0.95) 2.25 1.57 (1.11-2.14) 802 (567-1091) 

Herpes Simplex  38 18 0.31 (0.19-0.51) 2.5 0.78 (0.48-1.27) 399 (242-647) 

Varicella Zoster  29 13 0.24 (0.12-0.4) 1.5 0.36 (0.19-0.59) 182 (94-303) 

Total confirmed viral meningitis 154 71 1.27 (0.99-1.6) 2.15 2.73 (2.13-3.44) 1389 (1084-1750) 

Streptococcus pneumoniae  26 13 0.23 (0.12-0.39) 4.5 1.04 (0.53-1.73) 529 (268-884) 

Neisseria meningitidis 15 7 0.12 (0.04-0.25) 1 0.12 (0.04-0.25) 63 (23-125) 

Total confirmed bacterial meningitis 47 22 0.39 (0.24-0.58) 3.2 1.24 (0.76-1.87) 631 (390-951) 

Meningitis – unknown aetiology 176 81 1.45 (1.15-1.8) 7.3 10.58 (8.4-13.14) 5390 (4277-6695) 

All meningitis** 385 178 3.17 (2.72-3.67) 4.25 13.47 (11.55-15.59) 6864 (5886-7944) 

~based on sites recruiting patients for a median duration of 26 months *Calculated using ONS mid-2012 population data and the Northwest having 11% of the UK population # based on number 

of cases missed in one year in Northwest sentinel sites **Includes unknown aetiology and causes other than bacteria and viruses 
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3.3.2 Clinical and laboratory features 

There were very few differences in the frequency of symptoms and signs between patients 

who did not have meningitis and those who did. None of neck stiffness, photophobia, 

Kernig’s sign or Brudzinski’s sign were significantly associated with a final diagnosis of 

meningitis (table 3.2). The classic triad of fever, neck stiffness and altered consciousness was 

present in only 12/623 (2%) patients with meningitis and 9/99 (9%) patients with proven 

bacterial meningitis. 83/99 (83%) patients with proven bacterial meningitis had two 

symptoms out of headache, neck stiffness, fever and altered consciousness. 170/231 (74%) 

of patients with viral meningitis and 321/454 (71%) of patients without meningitis also had 

two of those symptoms. Patients with meningitis were more likely to have confusion than 

those who didn’t but this only occurred in 145/617 (24%) patients with meningitis.  

Patients with viral meningitis were significantly more likely to present with headache 

(229/231 (99%) vs. 83/93 (89%)), photophobia (185/231 (80%) vs. 39/92 (42%)) and neck 

stiffness (149/229 (65%) vs. 40/93 (41.5%)), compared with those with bacterial meningitis 

(p=<0.001 for all). In contrast patients with bacterial meningitis were significantly more likely 

to have fever (68/98 (69%) vs 127/227 (56%), p=0.023), rash (21/94 (22%) vs. 29/228 (13%), 

p=0.03), vomiting (63/95 (66%) vs. 123/229 (54%), p=0.04), seizures (8/100 (8%) vs 0/226 

(0%), p=<0.001) and coryzal symptoms (20.92 (22%) vs 25/221 (11%), p=0.02).  

 Within bacterial disease rash, vomiting and myalgia were more common in meningococcal 

disease (14/29 (48%) vs 5/48 (10%), p=<0.001; 24/29 (83%) vs 28/48 (58%), p=0.03; 12/29 

(45%) vs 4/46 (9%), p=<0.001) whereas confusion was the only clinical feature significantly 

associated with pneumococcal disease (36/50 (72%) versus 10/29 (34.5%), p=0.001). 

Seizures were more common in pneumococcal meningitis (6/51 (12%)) than meningococcal 

(1/29 (3%)) but the results were not significant (p=0.41). Only 5/48 (10%) patients with HSV 

meningitis had current genital ulcers, 10/46 (22%) had a history of previous genital ulcers 
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and 15/53 (28%) had a previous episode of meningitis. This compares with 32/946 (3%) of 

the total cohort who had a history of previous genital ulcers and 117/1077 (11%) who had 

suffered a previous episode of meningitis. Only 11/43 (26%) patients with VZV meningitis 

had a rash.  

Most of the routine observations such as blood pressure, heart rate and early warning scores 

were similar within the viral meningitis groups. However, those patients with enteroviral 

meningitis did have a mildly higher median temperature than those with herpes meningitis 

(HSV and VZV) (37.4⁰C versus 36.9⁰C, p=0.003). There was no difference between HSV and 

VZV meningitis (36.9⁰C and 37.0⁰C respectively, p=0.652). 

The plasma leukocyte count, and CRP were significantly higher in patients with bacterial 

meningitis compared to viral (p=<0.0001 for both). As might be expected, the CSF was 

markedly different between the bacterial and viral groups.  The utility of the CSF: serum 

glucose ratio was reduced by the fact that only 526/1117 (47%) patients had a serum glucose 

taken at the same time as LP. Patients with herpes (HSV and VZV) meningitis had a 

significantly higher CSF leukocyte count (p=<0.0001) and protein (p=<0.0001) along with a 

lower CSF: serum glucose ratio (p=0.03) than those with enteroviral meningitis (figure 3.5). 

Additionally those patient with enteroviral meningitis were much more likely to have a raised 

CRP than those with herpes meningitis (87% vs 31%, p=<0.0001). 
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Figure 3.5 Differences in cerebrospinal fluid parameters between herpes meningitis and 
enterovirus meningitis 
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3.3.3 Clinical management 
 
The frequency of investigations and treatment varied considerably between patients (figure 

3.6). Only 718/1110 (65%) patients had a blood culture performed. This proportion increases 

to 97% (96/99) in those with proven bacterial meningitis but was only 72.5% (29/40) in those 

with purulent meningitis – unknown aetiology and 59% (116/197) in those with lymphocytic 

meningitis – unknown aetiology. Molecular tests are more commonly performed for viral 

pathogens but not done universally. 220/228 (96%) of patients with proven viral meningitis 

had an HSV-2 PCR performed but it was only done in 158/196 (81%) of those with a 

lymphocytic meningitis – unknown aetiology. HSV-2 was the commonest pathogen to be 

tested for by CSF PCR, followed by enterovirus and then VZV. Enterovirus PCR on specimens 

other than CSF was very rarely performed. When it was done it performed reasonably well. 

A throat swab was tested for enterovirus by PCR in 70/618 (11%) patients who had a CSF 

pleocytosis. It was positive in 9/23 (39%) patients, where it was tested, with enteroviral 

meningitis. It had a sensitivity of 0.39, a specificity of 1.0, a diagnostic accuracy of 0.82, NPV 

of 0.79 and a PPV of 1.0. Stool or rectal swabs were tested for enterovirus even less often 

than throat swabs. They were tested in only 25/617 (4%) patients with a CSF pleocytosis. 

However, in this small cohort of patients stool enteroviral PCR had a sensitivity of 0.67, a 

specificity of 1.0, a diagnostic accuracy of 0.92, NPV of 0.9 and a PPV of 1.0. Viral PCRs were 

performed on the CSF of 44-47% of patients who did not have a CSF pleocytosis. Two patients 

had positive viral PCR without a pleocytosis – one for enterovirus and one for VZV. The 

patient with enterovirus positive PCR had a very prolonged history (over 3 years of 

symptoms) so may have been a case of chronic enteroviral meningitis, although there was 

no documented history of immunocompromise. The patient with VZV in their CSF had 

chickenpox with an otherwise normal CSF. 
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Blood cultures and CSF PCR were the main ways in which patients with bacterial meningitis 

were diagnosed (figure 3.7). 35/53 (66%) patients with pneumococcal meningitis had a 

positive blood culture with slightly less in meningococcal (16/29 (55%)). 16/28 (57%) of 

patients with meningococcal meningitis had a positive CSF PCR and 24/51 (47%) patients with 

pneumococcal meningitis had a positive pneumococcal CSF PCR. If patients that didn’t have 

molecular tests performed are excluded the proportion of positive tests goes up 

considerably. 10/15 (67%) patients with pneumococcal meningitis and 12/16 (75%) with 

meningococcal meningitis had a positive blood PCR and 24/26 (92%) of pneumococcal 

meningitis and 16/18 (89%) of meningococcal meningitis had a positive CSF PCR. This makes 

CSF PCR the most sensitive and accurate method of diagnosis (table 3.4). Many patients had 

more than one positive diagnostic test but 24/99 (25%) were diagnosed by molecular 

methods alone. This was higher in meningococcal disease at 10/28 (36%). Two patients had 

a positive pneumococcal latex antigen but both had other positive diagnostic tests as well. 

One was positive in blood culture and CSF Gram film, the other had a positive CSF culture 

and CSF PCR. 
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Table 3.4 Performance of diagnostic tests for bacterial meningitis 

All patients 

Pneumococcal meningitis 

  Sensitivity Specificity Diagnostic Accuracy NPV PPV 

Blood culture 0.66 0.99 0.97 0.97 0.9 

Blood PCR 0.67 1 0.96 0.96 1 

CSF culture 0.3 0.99 0.97 0.97 0.94 

CSF PCR 0.92 0.99 0.99 0.99 0.96 

Meningococcal meningitis 

Blood culture 0.57 1 0.98 0.98 1 

Blood PCR 0.75 1 0.97 0.97 1 

CSF culture 0.11 1 0.98 0.98 1 

CSF PCR 0.89 1 0.99 0.99 1 

Patients with CSF pleocytosis 

Pneumococcal meningitis 

Blood culture 0.67 1 0.96 0.96 1 

Blood PCR 0.58 1 0.94 0.94 1 

CSF culture 0.29 0.99 0.94 0.94 0.93 

CSF PCR 0.92 0.99 0.98 0.99 0.96 

Meningococcal meningitis 

Blood culture 0.56 1 0.97 0.97 1 

Blood PCR 0.75 1 0.96 0.95 1 

CSF culture 0.11 1 0.96 0.86 1 

CSF PCR 0.89 1 0.99 0.99 1 
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Neurological imaging was associated with delays in antibiotics and LPs: 901/1117 patients 

(81%) had a CT scan of their brain and 776/1117 (69%) had it before LP. Only 90/776 (12%) 

had a recognised indication for neuroimaging prior to LP211 (figure 3.8). The commonest 

justified reason was low GCS (≤12) in 54 patients (7%), followed by seizures in 36 (5%). Five 

patients had papilloedema and eight had focal neurology. The median time to antibiotics and 

LP was two hours and ten hours respectively in those who did not have imaging prior to LP, 

compared with three and eighteen hours in those who did (p=0.002 and <0.001 respectively). 

The median time to LP for all patients was 16 hours. There was no difference in outcome 

between those who did and did not have a preceding scan: a poor outcome (Glasgow 

outcome score of 1-3) occurred in 3 patients who did not have scans (1%) compared with 19 

(3%) (p=0.281) of those who did.  

 

 

 

 

 

832/1117 (75%) patients received at least one dose of antibiotics and 494/1117 (44%) 

patients received at least one dose of antivirals (aciclovir or valaciclovir). There was large 

variation in practice with regard to treating HSV and VZV meningitis. 139 patients with viral 

meningitis (60%) had at least one dose of either aciclovir or valaciclovir; 51 (37%) of whom 

received antivirals for five or more days. 42 patients with herpes (HSV and VZV) meningitis 

received at least 5 days of antivirals (43%) with a median duration of ten days (range 5 to 30). 

More patients with VZV meningitis had a course of antivirals than those with HSV (24 (56%) 

versus 18 (33%), p=0.026), there was no difference in duration. 107 patients with lymphocytic 

Figure 3.8 Justified indications for neuroimaging prior to lumbar puncture 
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meningitis – unknown aetiology (54%) had at least one dose and 41 (38%) had five days or 

more, the median duration was slightly shorter at nine days. A small number of patients with 

enteroviral meningitis (6%) also received ≥ five days of antivirals indicating that identifying a 

pathogen may reduce unnecessary antivirals being given. 

Corticosteroids were given to 114/1050 (11%) patients. In patients with bacterial meningitis 

39/91 (43%) received steroids and the highest proportion was in those with pneumococcal 

meningitis – 25/39 (64%). This accounted for just over half of all patients with pneumococcal 

meningitis (where data was available). 25/49 (51%) received steroids whilst 24/49 (49%) did 

not.   

The median length of stay for patients with viral meningitis was 4 days. Patients with 

HSV/VZV meningitis stayed in hospital longer than patients with enteroviral meningitis (6 

days vs 3.5 days, p=<0.0001) and those with VZV meningitis stayed longer than those with 

HSV (8 days vs 5 days, p=0.02). Those who received antivirals were in hospital longer than 

those who did not (8 days vs. 3 days, p=<0.001). The majority of patients who had antivirals 

had intravenous treatment, necessitating an inpatient stay.  Only four patients (4%) had 

solely oral treatment. There was a trend toward those with viral meningitis being discharged 

quicker than those with lymphocytic meningitis – unknown aetiology (duration of 

hospitalisation 4 days and 5 days respectively (p=0.09)).  

3.3.4 Outcome 

No patients with viral meningitis had a poor outcome (serious disability or death) at discharge 

from hospital. 7/99 (7%) of patients with bacterial meningitis had a poor outcome. No 

patients with viral meningitis died or required critical care during their hospital stay. 3 

patients with proven bacterial meningitis died (3%) (all pneumococcal) and 45 required 

critical care (45%) (37/45 (82%) pneumococcal).  
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257 patients returned the TMS; 185 (72%) had meningitis – 71 (38%) viral, 42 (23%) bacterial, 

50 (27%) lymphocytic – unknown aetiology and 12 (6%) purulent – unknown aetiology. The 

remaining ten had other causes of meningitis. 27 patients with viral meningitis (35%) and 6 

patients with bacterial meningitis (14%) still complained of a significant headache (score of 

≥3) three weeks after admission. There was no difference in time to resolution of headache 

(score of ≤2 for ≥two days with no subsequent increase) between those with  viral meningitis 

and those with  bacterial meningitis (7 days vs. 8 days, p= 0.09).  

There was no difference in the duration of headache in patients with HSV/VZV meningitis 

who were treated with aciclovir for ≥5 days  (n=12) compared to those who were not treated 

(n=16) (six days versus eight days, p=0.9 (figure 3.9)). The remaining results for the TMS are 

shown in table 3.5. 

 

 

 

Figure 3.9. Time to achieve resolution of headache in patients with HSV/VZV meningitis 
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Table 3.5  Median number of days for symptoms to resolve* according to differing aetiologies [percentage not achieving resolution of symptoms by 21 days following admission] 

  

Not meningitis Viral meningitis Bacterial meningitis Lymphocytic meningitis – unknown 

aetiology 

Purulent meningitis – unknown 

aetiology 

Headache 7 [27] 7 [14] 8 [14] 11 [18] 9 [33] 

Nausea/vomiting 3 [4] 3 [0] 4 [5] 4 [0] 5 [0] 

Photophobia 5 [12] 4 [4] 8 [3] 8 [8] 7  [18] 

Myalgia 6 [35] 6 [16] 12 [36] 10 [26] 9 [33] 

Neck Stiffness 7 [22] 5 [17] 8 [20] 10 [13] 8 [0] 

Total Score 8 [23] 6 [8] 7 [31] 10 [17] 9 [20] 

  
*Duration is until resolution of symptoms to mild according to the total morbidity score (score of 6 or less for total score, 2 or less for headache and 1 or less for all other symptoms) for 2 or more days with no subsequent increase 
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3.3.5 Direct costs of meningitis to the NHS 

The resource burden imposed on the NHS by all patients with meningitis in the UK (whether 

a pathogen was found or not) was estimated to be £30,675,497 per year (95% CI 

£24,820,493- £37,940,889). The mean cost per patient with viral meningitis was £2149 (95% 

CI £805-2948), significantly less than that for bacterial meningitis at £7139 (95% CI £5477-

9340) p=<0.001. However the total annual costs for all patients with viral meningitis, based 

on the estimated incidence above, is similar to that of bacterial meningitis (£3,220,343 

(95%CI £1,206,963 – £4,418,424) and £4,860,218 (95%CI £3,728,598– £6,358,419 

respectively, p=0.57)). Full details of the resource analysis are provided in table 3.6. 
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Table 3.6  Direct healthcare costs of community acquired meningitis for the NHS according to aetiology (total number of patients recruited from Northwest hospitals).  

    I----------------Viral Meningitis (154)--------------I I-----------------Bacterial Meningitis (47)-------------I I-------------------All meningitis* (402)---------------------I 

Unit of resource Cost per 

unit (£) 

Mean cost per 

patient (£) (95% CI) 

Total number 

of units used^^ 

Total cost of resource 

unit per year (£)** 

Mean cost per 

patient (£) (95% CI) 

Total number of 

units used^^ 

Total cost of resource 

unit per year (£)** 

Mean cost per 

patient (£) (95% CI) 

Total number of 

units used^^ 

Total cost of resource unit per 

year (£)** 

Bed Day~ 265 1968  

(1442 -2012) 

990 130,228  

(110,576-154,245)  

4149  

(3293-5182)  

737 97,097  

(77,059-121,266) 

2,907  

(2,206-3,757)  

4153 581,928  

(441,528-751,961)  

Critical Care Bed Day^ 619 0.00 

(0.00-0.00) 

0 0.00  

(0.00-0.00) 

2352  

(1,342-3,582)  

180 55,037  

(31,415-83.835) 

482 

(163-899)  

307 96,575  

(32,650-180,036)  

CT scan 92 75  

(70-81) 

128 5,764 

 (5337-6,197) 

82  

(72-90)  

42 1,926 

(1,695-2,107)  

77  

(71-81)  

319 15,315 

 (14,185-16,303)  

MRI scan 169 17 

 (9-24) 

15 1,270  

(700-1,839) 

25  

(11-43)   

7 583  

(252-1,010) 

30  

(21-41)  

68 6,062  

(4,114-8,228) 

Viral CSF PCR# 64.52 64  

(62-65) 

154 4,881 

 (4,780-4,947) 

22  

(14-30) 

32 508  

(320-707)  

51  

(47-55)  

154 10,189  

(9,337-10,995) 

Antibiotics various*** 57  

(45-68) 

n/a 4343  

(3472-5243) 

345  

(292-405)  

n/a 8,067 

(6,824-9,480)  

140  

(104-182)  

n/a 27,977  

(20,827-36,492) 

Antivirals various*** 221  

(164-290) 

n/a 16,951 

 (12,610-22,215) 

 124  

(57-209) 

n/a 2,902  

(1,336-4,902) 

202  

(148-268)   

n/a 40,462  

(29,656-53,563) 

Total direct costs in the NW 2,149  

(805-2,948) 

n/a 164,762  

(61,752-226,059) 

7,139  

(5,477-9,340) 

 167,070  

(128,171-218,571) 

3,967 

(3,209-4,906) 

 793,957  

(642,413-981,999) 

Total direct healthcare costs annually in the UK based on number of patients recruited 

only~~ 

1,497,834 

(561,378-2,055,081) 

  1,518,818  

(1,165,187-1,987,006) 

 

  7,217,794  

(5,840,116-8,927,268)  

Estimated total UK costs based on proportional uplift for missed cases 3,220,343 

(1,206,963-4,418,424) 

  4,860,218  

(3,728,598-6,358,419) 

  30,675,497  

(24,820,493-37,940,889) 

* includes lymphocytic - unknown aetiology, purulent - unknown aetiology, tuberculous meningitis and meningitis of another cause.^^ by patients in the Northwest during the entire study, **Calculated by adjusting for mean duration of recruitment per hospital (24months),~based 

on excess bed day cost;. ^based on one organ support only; # mean of costs charged in diagnostic laboratories within the UK meningitis study; ***as per BNF,~~ Based on the Northwest region comprising 11% of the UK population 
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3.4 Discussion 
In this chapter I have shown that viral meningitis in adults imposes a significant burden within 

the UK, both on patients and in terms of healthcare resource consumption. The UK 

meningitis study is the largest cohort to date that has undertaken a detailed analysis of the 

whole cross-section of adult patients presenting to hospital with clinical features suggestive 

of meningitis. It provides an estimate of the incidence of viral meningitis in an era of declining 

rates of bacterial meningitis along with the associated direct healthcare costs on the NHS. I 

have also given a description of the clinical features, management and outcome of all causes 

of meningitis.  

Estimates of the incidence of viral meningitis from other countries range between 0.26 - 2 

cases per 100,000 population per year12,15,85 and up to 7.6 cases per 100,000 when all cases 

without a proven cause are included.11 My findings estimate the annual incidence of 

confirmed viral meningitis in UK adults to be almost 3 cases per 100,000. Recent studies of 

meningitis in the UK are based on laboratory reports only, thus missing the large number 

without a proven microbiological cause.3,27 42% of meningitis cases in my study never had a 

cause identified, consistent with previous studies where the proportion varies from 34% to 

74% depending on the diagnostic strategy.10,11,19, 16,20,21 If we include these unknown cases 

the total incidence of all causes of meningitis in UK adults is 13.5 cases per 100,000 people. 

Like others I found that viral meningitis was the most frequent form of meningitis in adults, 

where a cause is identified. Enteroviruses were the most common aetiology although herpes 

viruses also account for a significant proportion - twice that of the commonest bacterial 

cause, S. pneumoniae.   Other studies have found herpes viruses (HSV and VZV) to be the 

predominant aetiology in viral meningitis.11 Omland et al estimated the incidence of HSV-2 

neurological infection in Denmark to be 0.26 per 100,000 adults. The majority of these 

patients had meningitis but 12% (6/49) were described as having encephalitis.85 My annual 

estimated incidence of HSV-2 in the UK is slightly higher at 0.78 per 100,000 population. This 
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may be in part due to improved detection but may also be due to a true increase in incidence 

– possibly due to increasing prevalence of HSV-2 globally.212  

Consistent with other studies, I found pneumococcal meningitis was the most common 

bacterial aetiology and most frequently occurring in older adults.44 Meningococcal disease 

has commonly been described as a disease of children and young adults. However, in this 

study I have shown that there is also a significant amount of disease in older adults. Recently 

there has been a rise in meningococcal serogroup W disease in the UK. Only 3% of cases in 

my study were associated with serogroup W but recent data suggests that serogroup W is 

responsible for 15% of all cases of invasive meningococcal disease in the UK currently.213  

The female predominance in HSV-2 meningitis is consistent with previous studies.88 

However, the marked number of females in enteroviral disease is unusual. This may reflect 

the fact that women are more likely to come into contact with young children who might 

transmit the virus. Alternatively it may be that women are more likely to seek medical help 

than men as there was also a majority of females in the non-meningitis cases. The seasonal 

variations of enteroviral, pneumococcal and meningococcal disease were also not surprising. 

However, the increased incidence of herpes meningitis in the summer is unusual and as far 

as I am aware has not been reported before. This may be merely a reflection of small 

numbers as in a larger laboratory based study no seasonal variation was seen214.  

Clinical features 

The classic triad of neck stiffness, fever and altered consciousness are not common in cases 

of bacterial meningitis.44 Significantly more patients will have two out of neck stiffness, 

headache, altered consciousness and fever.44 One of the novel aspects of my study is that it 

looks at the whole cross section of patients presenting with suspected meningitis. The 

majority of previous studies look specifically at either bacterial meningitis or viral meningitis 

or sometimes both, but they do not consider those patients that present with similar 
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symptoms but are later found to have an alternative diagnosis. Clinical features could not 

differentiate patients who had meningitis (either viral or bacterial) from other patients who 

presented with similar symptoms and signs. There were differences in blood parameters but 

none of them were sufficiently diagnostic to either differentiate between viral and bacterial 

meningitis or between meningitis and not. This highlights the fact that a LP is essential for 

the diagnosis of meningitis. Despite antibiotics being given within a few hours the LP was 

often delayed for several hours further. This may be a reflection of the mandate within the 

NHS to discharge patients from the emergency department within four hours of first being 

seen, thus the LP gets postponed until the patient is settled on a medical ward.  

In terms of specific symptoms the high incidence of myalgia in meningococcal meningitis is 

of interest. Thompson and Ninis have previously described the symptoms associated with 

meningococcal disease in children and they showed that one of the most common symptoms 

was limb pain occurring in 31-63% of children (excluding infants).215 They postulate that this 

may occur because of the release of pro-inflammatory cytokines. The inflammation in 

pneumococcal disease is generally of a greater magnitude than meningococcal disease and 

so the fact that I have found myalgia to occur in a greater proportion of patients with 

meningococcal disease might suggest an alternative hypothesis. Another explanation may 

be the fact that more patients with pneumococcal meningitis have impaired consciousness 

and cannot reporting specific symptoms. This may also explain the low rates of headache 

and neck stiffness in those patients.  

In keeping with other studies most patients with HSV-2 meningitis did not have concurrent 

or previous genital disease.88 Additionally, although HSV-2 was the most common form of 

meningitis to present as a recurrence, for most patients it was their first episode. Only a 

quarter of patients with VZV meningitis had a rash. Unfortunately, data collection did not 

define whether this was chickenpox, shingles or something else in all cases. Although VZV 
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meningitis occurring in the absence of a rash is well recognised – termed zoster sine herpete 

- previous studies show a wide range of figures between 23% and 88% of patients with 

varicella meningitis having co-existing dermatological disease.86,90,91,216,217 The largest 

number of patients with VZV meningitis previously studied was 34 and so my cohort 

represents the largest number of patients with VZV meningitis to be studied. The fact that 

we found less patients with rash may be due to an increase in testing for VZV among patients 

with meningitis. Recently in a South Korean study, that tested all patients with aseptic 

meningitis for enterovirus, HSV-1 and 2 and VZV, 84% of patients (21/25) had zoster sine 

herpete.218 

Another novel area of interest is that of the differences in laboratory parameters between 

the different causes of viral meningitis. The herpes viruses presented with a picture of a much 

more inflammatory CSF with a higher leukocyte count and protein level along with a lower 

CSF: serum glucose ratio. Patients with enteroviral meningitis had a much more systemic 

picture with higher temperature and higher CRP. This correlates with the likely pathogenesis 

that herpes viruses are reactivating from the nervous system (also correlates with the clinical 

picture that very few patients had co-existing dermatological or genital lesions) and 

enteroviral meningitis has a systemic phase when the virus can be found in the 

bloodstream.108 Han and colleagues have also shown recently a higher CSF leukocyte count 

and protein level in VZV meningitis when compared with enteroviral.218 Traditionally viral 

meningitis has been said to have a normal CSF:serum glucose ratio,219 however, I have shown 

that, although the level is much higher than in bacterial meningitis, it is lower than in patients 

who do not have meningitis.  

Clinical management 

The clinical management of patients in the study differed dramatically between patients, in 

particular, in relation to investigations and treatment strategies. There were clinical 

guidelines for the management of patients with bacterial meningitis in the UK, but these are 
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known to be poorly adhered to.211,220 Certain diagnostic investigations were requested 

infrequently and may contribute to the large number of patients who did not have a 

pathogen identified. CSF PCR for bacterial meningitis was the most accurate diagnostic test 

when it was performed, but it was only done in less than half the patients. A recent dual 

centre study spanning 1999-2013 in the United States has shown the improvement in 

diagnosis of patients with a negative Gram film since the introduction of PCR but also the 

lack of uptake with only 70% of patients having any CSF PCR done and only 60% of patients 

had blood cultures taken. Consistent with my study CSF PCR and blood cultures had a high 

diagnostic yield in their cohort.221  

PCR from non-CSF sites was particularly badly utilised such as blood for bacteria and stool or 

throat specimens for enteroviral PCR, despite showing good diagnostic utility. If symptoms 

have been prolonged (longer than 48 hours) throat specimens will be more likely to be 

positive by PCR for enterovirus than CSF.108  

The use of neuroimaging before LP has generated considerable debate with some 

recommending cerebral imaging is performed before LP for all patients. However this has 

been associated with delays in antibiotic administration, reduced likelihood of identifying a 

pathogen and an increase in mortality.104,151,222,223  The reason for neuroimaging is to detect 

cerebral herniation syndromes, or shift of brain compartments. If these are present and an 

LP is performed, there is the theoretical concern that a reduction in pressure caused by the 

LP can precipitate a further brain shift which may lead to fatal herniation. Neuroimaging 

should therefore be performed on patients who have clinical signs which may suggest brain 

shift and, if shift of brain compartments or herniation is found, LP should be delayed or not 

performed at all. Indications that brain shift might be present include focal neurological signs 

and reduced level of consciousness. The exact level of consciousness at which an LP is safe is 
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debated and different authorities recommend different cut-off points ranging between 8 and 

13 on the Glasgow coma scale.224-226 

No study has identified features associated with an increased risk of herniation post-LP. One 

study found certain features (age over 60 years, immunocompromise, history of neurological 

disease, recent seizure, and  certain abnormal neurological examination findings) were 

associated with abnormalities on imaging, but the risk of herniation or brain shift was not 

assessed.222   A recent retrospective study found that removing impaired mental status as a 

contraindication for LP was associated with significantly earlier treatment and a favourable 

outcome however there are several limitations to this study and cause and effect cannot be 

attributed.227 Every patient with suspected bacterial meningitis must be carefully assessed 

to ascertain whether they have signs or symptoms consistent with brain shift. If they do not, 

LP should be carried out as soon as possible without prior neuroimaging. A large proportion 

of patients in my study had neurological imaging without a recognised indication. This was 

associated with delays in both the diagnostic lumbar puncture and treatment. There was also 

a long delay between antibiotics being given and the lumbar puncture being performed. My 

study highlights the fact that the vast majority of patients are having CT scans before their 

LP, mostly without a recognised indication. Recent guidelines have been published in both 

the UK and Europe stressing the indications for a CT scan prior to LP.228,229 

Despite the absence of trial evidence to support the use of aciclovir in herpes meningitis 43% 

of patients received this treatment, resulting in longer hospital admissions. Landry and 

colleagues previously highlighted the lack of consistency in the treatment of HSV-2 

meningitis.88 More patients with VZV meningitis were treated, possibly due to concern of 

vascular complications.230 The fact that approximately half of the patients received a course 

of antivirals whilst the other half didn’t represents real clinical equipoise when it comes to 

treating herpes meningitis. Those receiving treatment had longer hospital admissions. 
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Evaluation of duration of headache in a small number of patients suggested those patients 

who received treatment had a quicker recovery although by three weeks post-admission 

there was no statistically significant difference.  

There is a real need for a clinical trial to answer once and for all whether there is a role for 

aciclovir/valaciclovir in the treatment of HSV-2 or VZV meningitis. This issue has recently 

been highlighted again and whether treatment was given or not, no patient with HSV-2 

meningitis had an adverse clinical outcome.217 Studies looking at more subtle 

neuropsychological outcome may be appropriate to evaluate the efficacy of antivirals in 

herpes meningitis. If oral valaciclovir were shown to be efficacious in a trial this could 

improve the outcome for patients and reduce costs by allowing an earlier discharge on oral 

therapy.  

There is no specific treatment for enteroviral meningitis and once the diagnosis is made 

efforts should be made to expedite discharge. However, the median length of stay was 3.5 

days. The exact cause of this is not clear but one potential reason could be the requirement 

for many centres to send CSF samples to reference laboratories for viral PCR. Diagnosing 

enteroviral meningitis in children within 24 hours significantly decreased both antibiotic 

consumption and hospitalisation costs.100 It has been suggested previously that earlier 

diagnosis in UK adults could save the NHS £256,000 a year if diagnosis was made within 36 

hours of admission.98 Using my data I estimate that if every patient with viral meningitis were 

discharged 48 hours earlier there could be a saving of at least £1,318,640 annually. 

If an LP could be performed in the emergency department, and rapid on-site diagnostics 

were available, patients may be able to be discharged quicker, thus reducing some of the 

costs associated with hospitalisation. The publication of new national guidelines since this 

study began call for earlier investigation and treatment in patients with suspected meningitis 
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as well as clearly stating when a preceding scan is necessary.228 Concurrent new European 

guidelines echo these sentiments.229 

Economic burden 

The financial cost of viral meningitis in the UK has not previously been studied. Studies from 

the US have estimated the direct costs to be $5093 - $8313 per episode.17,231 The detailed 

resource analysis undertaken in this study allows us to show the total annual costs for 

patients with viral meningitis is similar to those with bacterial meningitis. The costs within 

the Northwest were almost identical between bacterial and viral meningitis, however, as we 

missed more patients with bacterial meningitis than viral meningitis the estimated UK costs 

were slightly greater for bacterial meningitis. Resource use was dominated by hospitalisation 

accounting for 79% of the total costs in viral meningitis. Any intervention that reduces the 

length of hospital stay offers the potential to significantly decrease the burden imposed on 

both patients and the health service.  

This patient level health resource analysis has not been conducted in patients with meningitis 

in the UK before. It allows a more detailed and nuanced cost assessment than other more 

generalised methods such as using healthcare resource groups (HRGs). HRGs are generalised 

groups of similar clinical conditions used for payment in the NHS and to understand activity 

in terms of types of patient care and treatment undertaken. Both viral meningitis and 

bacterial meningitis would be grouped within the same code using this method. Our more 

individual analysis shows that there are differences in health resources used by patients with 

bacterial and viral meningitis although total costs are similar due to large numbers of patients 

with viral meningitis.  Similar patient level methods have been demonstrated to be 

comparable to alternative measures and a more accurate method for calculating the cost of 

healthcare resource use.232 
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The perspective I employed focussed the economic analysis entirely on the costs imposed on 

the health service. This restricted economic analysis implies that indirect costs such as loss 

of earnings or privately borne costs have not been analysed. Also, no attempt has been made 

to incorporate any decrements in quality of life imposed on patients by viral meningitis. 

Given the length of persistent symptoms it is likely that the incorporation of such costs would 

significantly increase the estimates of the resource burden associated with viral meningitis.  

Viral meningitis imposes a significant burden to the NHS with the number and length of 

hospital admissions contributing by far the dominant portion of that cost. Enhancing the 

speed of diagnosis by a combination of reducing unnecessary investigations such as 

neuroimaging, and more rapid performance and reporting of necessary diagnostic tests such 

as LPs would facilitate early discharge from hospital. Currently there is no treatment 

available for enteroviral meningitis and aciclovir has never been subjected to a randomised 

controlled trial in herpes meningitis. In addition many cases of presumed viral meningitis 

never have a pathogen found. Given the burden that viral meningitis places on the patients 

and the health service there is a crucial need to improve diagnostic techniques and develop 

or evaluate treatments that allow more effective and efficient therapies to be provided to 

patients.  

Due to the prospective nature of this study one of the main limitations is the risk of missing 

patients. I have attempted to account for this by doing a retrospective laboratory analysis of 

samples in a proportion of the laboratories involved in the study and then extrapolated the 

findings. Using this method the incidence of pneumococcal and meningococcal meningitis 

was similar to Okike’s recent study3 and as such most likely also gives a valid estimate of viral 

meningitis in the UK. Another limitation is that I have probably not collected information on 

the sickest patients. The mortality rate of 3% for bacterial meningitis (6% in pneumococcal) 

is much lower than other studies where the rate for meningococcal disease is around 5-10% 
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and 20-30% in pneumococcal disease.23,44 This might be due to a reluctance to approach 

relatives of severely sick patients about an observational study. I also did not have any ethical 

approval to approach relatives after the death of a loved one.  

3.5 Conclusion 
Having identified that almost half the patients with meningitis never have a cause found I 

then was interested to see if these patients were in any way different to those who did have 

a pathogen found. The number of patients without an aetiological cause is not unusual and 

consistent with other studies, however, no-one has gone on and looked further at these 

patients.10 Often they are just ‘assumed’ to have viral meningitis. This may stem partly from 

when the only method of diagnosis was viral culture and it was accepted that many patients 

with viral diseases would not have a cause identified. However, with PCR we now have 

sensitive and potentially rapid diagnostic methods. Secondly, it may be due to the fact the 

viral meningitis is often considered a benign and self-limiting condition.170 However, there is 

also mounting evidence that this might not be the case.209,210,233 Previous research has shown 

that identifying a pathogen can decrease hospital admission, antibiotic use and reduce the 

amount of unnecessary investigations.98,234,235 However, this research is mainly conducted in 

children and in countries other than the UK. From my data I wanted to see if the same was 

true for adult patients with meningitis. Were there any advantages to having an aetiological 

diagnosis?  In the next chapter I therefore look at the clinical features and factors associated 

with not having a pathogen identified asking the questions: Are there particular 

characteristics that are associated with not having a cause found? Are any of these amenable 

to intervention? Additionally I investigated whether those patients had prolonged hospital 

admissions and antibiotics as in the paediatric studies.100 Finally I looked to see if there was 

any difference in early outcome, using the total morbidity score, between those who had a 

cause found and those who didn’t. 



102 
 

Chapter 4 - Having an aetiological diagnosis – why does it 
matter? 

 

4.1 Background 

In the Chapter 3 I showed that 42% of patients with meningitis, defined by a CSF white cell 

count of over 4 x 109 cell/litre and symptoms consistent with meningitis, had no cause found. 

This is similar to previous studies where viral PCR is used.10,11 Not having a specific pathogen 

diagnosed can lead to longer hospital stays and unnecessary antibiotics. I wanted to review 

if there were any specific variables contributing to the failure to diagnose a cause that might 

be amenable to intervention. I also wanted to describe the patients in terms of clinical 

features and outcome. This would allow us to see if the patients without a cause were similar 

to those where an aetiology was found, and therefore, if they were likely to have the same 

aetiology or not. Before going on to investigate the characteristics and outcomes of these 

patients I first evaluated the utility of various diagnostic scores and other parameters in 

diagnosing bacterial or viral meningitis. This allowed me to then categorise the patients into 

suspected viral meningitis or suspected bacterial meningitis. 

It has long been recognised that diagnostic tests in meningitis are suboptimal with many 

people not having a definitive diagnosis. This can lead to uncertainty and patients may be 

admitted to hospital and have antibiotics in order to not miss a potentially lethal bacterial 

cause. In addition to the uncertainty there have been little efforts to identify what factors 

might be associated with either diagnosing a pathogen or not. There have been numerous 

attempts to design scoring systems to identify patients that might be at high (or low) risk of 

bacterial meningitis.130-132,134,136,137,236 These could then aid decision making regarding 

antibiotic use or discharge from hospital. Most of these scores have been developed in the 

paediatric population and have not been verified in different cohorts to those in which they 
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were developed. The benefits of diagnosing a pathogen can be to reduce the number and 

length of hospital admissions and decrease antibiotic use.100  

I validated two diagnostic scoring systems using the UK meningitis cohort. The first, the 

Meningitest,134 is one of the few scores that were developed in an adult population. The 

second, the Bacterial Meningitis Score was developed in paediatrics but is probably the most 

validated score in the literature.137,138,237-240 Both scores are shown in table 4.1. Following 

validation of the scores I will then assess the diagnostic accuracy of various single clinical or 

laboratory parameters. Using the scores or parameters with the best diagnostic ability I will 

then categorise the patients without a cause identified from chapter 3 into suspected viral 

meningitis and suspected bacterial meningitis.  

A score of six or more had a positive and negative predictive value of 97% and 94% 

respectively for diagnosing bacterial meningitis in the initial development of the 

Meningitest.134 A score of ≥ 2 on the bacterial meningitis score had a sensitivity of 87% for 

predicting bacterial meningitis.137 

Using these categorisations I will then be able to investigate any factors that were associated 

with not finding a pathogen. In particular I will assess any potential benefits of diagnosing a 

pathogen in terms of the length of hospital stay and antimicrobial use. I will also look at the 

duration of persistent symptoms using the total morbidity score (as described in chapter 3). 
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Table 4.1 Meningitest and Bacterial Meningitis Scores 

Parameter Value                                            Score 

Meningitest  

Leucocytosis (cells/ml) >15,000 3 
CSF leucocytes (cells/ml) >1700 

<1700 

≤250 

4 

2 

1 

CSF percentage polymorphs >90 

>80 ≤90 

>25 ≤80 

4 

2 

1 

CSF protein (g/l) >2.3 

>0.8 

5 

2 

CSF/blood glucose ratio ≤0.35 4 
 

Bacterial Meningitis Score   

Gram stain Positive 2 

CSF Protein (g/l) ≥  0.8 1 

Peripheral absolute neutrophil count 

(cells/ml) 

≥ 10,000  1 

Seizures at or before presentation 1 

CSF absolute neutrophil count 

(cells/ml) 

≥ 1000 1 
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My aims for this chapter are: 

1) To validate the Meningitest and the Bacterial Meningitis Score; 

2) To evaluate the diagnostic accuracy of other simple clinical parameters; 

3) Categorise the patients from the UK meningitis study without an aetiological cause using 

the findings from aims 1 and 2; 

4) Assess any factors that were associated with not finding a pathogen; 

5) Determine if identifying a pathogen led to a reduction in hospitalisation or antimicrobial 

use; 

6) Explore the length of illness in patients without a definitive aetiological diagnosis. 

4.2 Methods 

I assessed two published diagnostic scoring algorithms – the Meningitest134 and the Bacterial 

Meningitis Score.137 I validated these scores initially using only proven viral meningitis and 

proven bacterial meningitis cases. These were the populations the scores were developed 

in. This is slightly unrealistic however, as some patients who have a pleocytosis will not have 

either bacterial or viral meningitis. Previously, in chapter 3, I showed that 39 patients out of 

630 with a CSF pleocytosis had an alternative cause of meningitis identified – 3 cryptococcal 

meningitis, 10 tuberculous and 26 other causes. I, therefore, also assessed the scoring 

algorithms in all patients with a CSF pleocytosis and a cause identified. A score of 6 or over 

was considered to be indicative of bacterial meningitis in the Meningitest. A score of 2 or 

more in the Bacterial Meningitis Score was considered high risk of bacterial meningitis. In 

addition to the scores CSF neutrophil percentage, CSF: serum glucose ratio, CSF protein, CSF 

total leukocyte count, CSF glucose and CSF opening pressure were assessed for their 

diagnostic accuracy. Sensitivity, specificity, negative and positive predictive values and 

diagnostic accuracy were calculated using 2 x 2 contingency tables for categorical variables 



106 
 

and receiver operator characteristic (ROC) curves for continuous variables where area under 

the curve (AUC) was also calculated. A ROC curve plots the sensitivity of a diagnostic test on 

the y axis against 1-specificity on the x axis. This allows an estimate of diagnostic accuracy 

for different sensitivity/specificity values. The area under the curve is calculated and the 

higher it is the more accurate the test. The total morbidity score was evaluated as described 

in chapter 3.  

4.3 Results 
4.3.1. Diagnostic scoring systems 

The Meningitest was initially evaluated using a cut off of 6 or more to indicate bacterial 

meningitis. When applied to the proven viral and proven bacterial meningitis cases it had a 

sensitivity and specificity of 91% (95% CI 83%-95%) and 96% (95% CI 93%-98%) respectively. 

The PPV was 91% (95% CI 83%-95%) and the NPV 96% (95% CI 93%-98%). When the test was 

applied to all patients with a CSF pleocytosis (excluding those patients where no cause was 

found) the sensitivity remained the same at 91% (95% CI 83%-95%) but the specificity of the 

test to diagnose patients with bacterial meningitis decreased to 92% (95% CI 88%-95%). The 

PPV and NPV were 81% (95% CI 72%-87%) and 96% (95% CI 93%-98%) respectively. The 

overall diagnostic accuracy was 92%. I then retested using a cut off of 7 or over to indicate 

bacterial meningitis. This gave a lower sensitivity of 86% (95% CI 77%-91%) but a higher 

specificity of 98% (95% CI 95%-99%) in the groups with a proven cause. The PPV was 95% 

(95% CI 88%-98%) and the NPV 94% (95% CI 90% - 97%). When applied to all patients with a 

CSF pleocytosis the sensitivity was the same but the specificity had dropped to 94% (95% CI 

90%-96%) and the PPV dropped to 84% (95% CI 75%-90%). The cut off of ≥7 gave the best 

diagnostic value to diagnose bacterial meningitis with a likelihood ratio of 14.7. However, I 

was interested in the ability of the score to diagnose viral meningitis as well. The overall 

diagnostic accuracy was the same for both cut-offs at 92%.  
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The Bacterial Meningitis Score did not perform as well. When it was applied to only those 

with proven aetiologies it had a sensitivity of 87.5% (95% CI 79%-93%) and a specificity of 

91% (95% CI 86%=94%). The PPV was 81% (95% CI 72%-87%) and the NPV was 94% (95% CI 

90%-97%). The overall diagnostic accuracy was 90%. The Bacterial Meningitis Score was then 

applied to the whole cohort of patients with a CSF pleocytosis and a known cause. It had a 

slightly higher sensitivity at 89% (95% CI 81%-94%) but the specificity was lower at 89% (95% 

CI 85%-92%). PPV and NPV were 73% (95% CI 64%-81%) and 96% (95% CI 93%-98%) 

respectively and the total diagnostic accuracy was 89%.  

The Meningitest (with a cut off of ≥6) was then applied to all patients in whom no cause had 

been found. It labelled 36/267 patients (13%) as bacterial meningitis; 22 (61%) of these had 

a lymphocytic CSF. It called 127/267 (48%) viral meningitis; 116 (91%) of whom had a 

lymphocytic CSF. 104 of the patients (39%) with no cause found had insufficient data to be 

able to calculate the Meningitest, largely due to the lack of a CSF:serum glucose ratio. When 

the Bacterial Meningitis Score was applied to the 267 unknowns it called 216 patients (81%) 

to be low risk of bacterial meningitis and 38 (14%) to be high risk. Only 13 (5%) could not be 

calculated. 

The Meningitest appeared to be a better scoring system than the Bacterial Meningitis Score 

but could not be used on all patients due to the lack of certain parameters. Therefore I went 

on to assess other simple laboratory parameters for diagnostic accuracy. These are 

summarised with differing cut-off points in table 4.2 and ROC curves are shown in figure 4.1. 

When comparing only those patients with proven viral meningitis and proven bacterial 

meningitis the following parameters had a specificity of 100% for diagnosing bacterial 

meningitis: CSF neutrophil percentage >88.5%, CSF: serum glucose ratio of <0.295, CSF 

leukocyte count of >1993 x 106 cells/L, CSF protein >2.93g/L, CSF glucose <1.65mmol/L and 

an opening pressure of >42.5cm CSF. When all patients with a CSF pleocytosis (and no cause 
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found) were considered the only one that still had a 100% specificity was the CSF leukocyte 

count of >1993 x 109 cells/ml. The CSF neutrophil percentage had the best AUC at 0.93 (95% 

CI 0.9-0.96, p=<0.0001). A cut off of >49% for diagnosing bacterial meningitis had a specificity 

of 90% and sensitivity of 82%.   
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Table 4.2 Diagnostic accuracy of scoring systems or laboratory markers to diagnose bacterial meningitis 
 

 

a) all patients with proven viral or bacterial meningitis 
  

b) All patients with a CSF pleocytosis and a cause found 

Test Values Sensitivity Specificity PPV NPV 

Diagnostic 

accuracy AUC Values Sensitivity Specificity PPV NPV 

Diagnostic 

accuracy AUC 

Meningitest >6 91 96 91 96 94  >6 91 92 81 96 92  

Bacterial Meningitis Score ≥2 87.5 91 81 94 90  ≥2 89 89 73 96 89  

CSF neutrophil percentage >36% 88.5 90    0.95 >49% 82 90    0.93 

>88.5% 57.5 100    >99.5 11.5 99.5    

CSF: serum glucose ratio <0.41 75 90    0.89 <0.4 75 82    0.87 

<0.66 94 16    <0.66 94 15    

<0.295 65 100    <0.035 27 100    

CSF protein >2.93 64 100    0.89 >0.65 25.5 100    0.89 

>1.585 83 93.5    >1.77 82 93    

CSF leukocyte count >1993 48 100    0.82 >1993 48 100    0.83 

>1012 60 97    >1012 60 97    

>757.5 64 91    >757.5 64 91    

CSF glucose <1.65 62 100    0.82 <0.15 11 100    0.81 

<2.25 70 96    <1.75 63 96    

<3.65 92 15    <3.65 92 17    

Opening Pressure >42.5 5 100    0.74 >52.5 2 100    0.74 

>35.5 37 90    >37 35 92    

>20.5 84 46    >20.5 84 47    

CSF - cerebrospinal fluid; PPV - positive predictive value; NPV - negative predictive value; AUC - area under the curve 
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Figure 4.1  

Receiver Operator Characteristic curves for various laboratory parameters to diagnose 
bacterial meningitis from all patients with a CSF pleocytosis. 
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4.3.2 Factors associated with not having an aetiological cause identified. 

The patients from the UK Meningitis study, described in chapter 3, who did not have a cause 

identified for their meningitis were re-defined according to the evaluation of diagnostic 

scoring systems and parameters above. They were defined as ‘suspected viral meningitis’ if 

they had a Meningitest score of less than 6 or, if the Meningitest could not be performed, a 

CSF neutrophil percentage of 49% or less. Patients with a Meningitest score of 6 or greater 

or a CSF neutrophil percentage of 50% or more were defined ‘suspected bacterial meningitis’. 

Although these definitions will not 100% accurately define patients they are clinically 

relevant as can be seen by the median duration of antibiotic treatment.  Both the proven and 

suspected viral meningitis groups received antibiotics for a median duration of one day 

compared to the suspected bacterial meningitis group who received them for eight days. This 

was significantly less than the proven bacterial meningitis group who received antibiotics for 

a median duration of 13 days (p=0.003). It does indicate, however, that many patients in this 

group were treated as if they had bacterial meningitis.  

In order to evaluate what factors might be linked to not having an aetiological diagnosis I 

compared various factors between those with proven diseases (viral and bacterial) and those 

with suspected disease (table 4.3). As would be expected from the data presented in the 

previous chapter those patients with proven bacterial meningitis differ significantly from 

those with proven viral meningitis with respect to demographic, clinical and laboratory 

features. There were no significant differences in gender or age between those with proven 

viral meningitis and those with suspected viral meningitis, supporting the theory that those 

patients with suspected viral meningitis may have a viral aetiology. Only 80% of patients with 

suspected viral meningitis had a viral CSF PCR performed compared with 99% of those with 

proven viral meningitis (p=<0.001). A shorter duration of symptoms prior to admission and a 

shorter length of time from admission to LP were significantly associated with finding a 

pathogen in proven viral meningitis compared with suspected viral meningitis. Other features 
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associated with proven viral meningitis included having photophobia, a higher CSF white cell 

count, a higher CSF protein and the season of admission. Those patients with proven viral 

meningitis had a significantly lower CRP than those with suspected viral meningitis. Although 

there was a similar proportion with a normal CRP in both groups (<10). The CRP values for 

the four different categories are shown in figure 4.2. If the CRP was <10mg/L this is recorded 

as 0 mg/L. 
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Table 4.3 Factors associated with diagnosing a causative pathogen  

  SVM (n=188) PVM (n=231) p value  

(SVM Vs PVM) 

SBM (n=52) PBM (n=99) p value  

(SBM Vs PBM) 

p value   

(SBM Vs PVM) 

P value  

(PVM Vs PBM) 

Age 33 [25,44] 32 [24,42] 0.27 40.5 [28,52] 56 [34,65] 0.02 0.008 <0.001 

Percentage female 66 (124/188) 66 (152/231) 0.97 54 (28/52) 49.5 (49/99) 0.61 0.1 0.005 

Immunocompromised 16.5 (31/188) 17 (39/231) 0.91 29 (15/52) 33 (33/99) 0.57 0.047 0.001 

Duration of symptoms before admission (hours) 83 [29,137] 58 [29,93] 0.003 42 [10.5,131] 52 [18,90] 0.56 0.11 0.24 

Photophobia 67 (115/172) 80.5 (178/221) 0.002 62.5 (25/40) 47 (36/76) 0.12 0.012 <0.001 

Neck stiffness 55.5 (96/173) 63.5 (139/219) 0.109 56 (23/41) 56 (44/79) 0.97 0.37 0.224 

Altered consciousness 19 (35/188) 17 (40/231) 0.73 29 (15/52) 66 (65/99) <0.001 0.058 <0.001 

Rash 8.5 (14/165) 12 (26/209) 0.22 5 (2/42) 25 (21/84) 0.006 0.15 0.008 

Use of trimethoprim prior to admission  2 (4/187) 1 (3/228) 0.52  2 (1/52) 1 (1/95) 0.66 0.74 0.85 

Use of non-steroidal prior to admission 11 (20/185) 7 (16/229) 0.17  4 (7/51) 8.5 (8/94) 0.33 0.11 0.64 

Temperature above 38 on admission  22 (41/184) 19 (43/226) 0.42 11.5 (6/47) 39 (39/99) <0.001 0.223 <0.001 

Blood WCC 8.4 [7,11.2] 8.8 [7,11.7] 0.74 12.3 [8.7,17.1] 16.4 [12.5,21.9] 0.002 <0.001 <0.001 

Percentage with CRP <10 57 (97/173)  57 (125/218) 0.8 37.5 (18/48) 6.5 (6/93) <0.001 0.013 <0.001 

CRP 30.5 [15.5,72] 20 [14.5, 37.5] 0.009 59 [20,128] 164 [67,261] <0.001 0.001 <0.001 

Time from admission to LP (hours) 19 [8,31] 13 [6,22] <0.001 18 [7,27] 11 [4,23] 0.02 0.085 0.21 

CT performed before LP 91 (137/151) 89 (168/188) 0.68 89 (39/44) 90 (80/89) 0.83 0.89 0.89 

Blood culture taken 59 (110/186) 59 (136/230) 0.99 69 (35/51) 97 (96/99) <0.001 0.04 <0.001 

Bacterial PCR# performed on blood 13 (22/181) 12 (27/222) 0.75 17 (8/48) 40 (38/95) 0.005 0.34 <0.001 

Bacterial PCR# performed on CSF 23 (43/185) 33 (74/226) 0.03 57 (28/49) 53 (50/95) 0.61 0.001 0.001 

Viral PCR# performed on CSF 80 (149/186) 99 (229/231) <0.001 80 (41/51) 41 (39/96) <0.001 <0.001 <0.001 

CSF WCC 90.5 [33,233.5] 188 [67,355] <0.001 179.5 [42,638] 1800 [377,4850] <0.001 0.49 <0.001 

CSF protein 0.64 [0.47, 0.9] 0.76 [0.54, 1.12] 0.002 1.08 [0.72, 2.61] 4 [2,6.7] <0.001 <0.001 <0.001 

CSF glucose 3.1 [2.8,3.5] 3 [2.7, 3.4] 0.2 3.1 [2.1, 3.9] 1.1 [0.3,2.7] <0.001 0.55 <0.001 

CSF: serum glucose ratio 0.58 [0.5, 0.67] 0.56 [0.49,0.63] 0.2 0.42 [0.31,0.6] 0.12 [0.03,0.41] <0.001 0.006 <0.001 

Time from first dose of antibiotics to LP (hours) 11 [0,22] 6 [0,14] 0.06 13 [1.5,23] 5 [-0.75,15.5] 0.072 0.029 0.85 

Season of admission 

Admitted in winter 23 (43/188) 20 (46/231) 

0.006 

29 (15/52) 37 (37/99) 

0.38 0.16 <0.001 
Admitted in spring 25 (47/188) 14 (33/231) 21 (11/52) 26 (26/99) 

Admitted in summer 36 (68/188) 39 (90/231) 25 (13/52) 15 (15/99) 

Admitted in autumn 16 (30/188) 27 (62/231) 25 (13/52) 21 (21/99) 

Duration of antibiotic treatment (days) 1 [0,4] 1 [0,3] 0.155 9 [3,13] 13 [8,18] 0.001 <0.001 <0.001 

Numbers are percentage (n/N available) for categorical data and median [IQR] for continuous data. N available does not equal total N where data was unavailable. #Bacterial PCR = Meningococcal or pneumococcal PCR. Viral PCR = enteroviral, herpes type 1, 

herpes type 2, varicella zoster or parechovirus PCR. SVM - suspected viral meningitis; PVM - Proven viral meningitis; SBM - Suspected bacterial meningitis; PBM - proven bacterial meningitis, CSF - cerebrospinal fluid; WCC - white cell count; PCR = 

polymerase chain reaction; CT - computed tomography; LP - lumbar puncture; CRP - C-reactive protein. 
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Patients with proven bacterial meningitis were significantly older than those with suspected 

bacterial meningitis (56 years old versus 40.5 years, p=0.02). There were also many 

significant differences in clinical features suggesting that the categorisation of patients with 

suspected bacterial meningitis was not as accurate as the suspected and proven viral groups. 

Patients with proven bacterial meningitis were more likely to have altered consciousness, 

rash and fever than those with suspected bacterial meningitis. They also had significantly 

higher CRP, blood and CSF white cell counts, CSF protein and lower CSF glucose levels. There 

was a trend toward those with suspected bacterial meningitis having a longer time to LP after 

antibiotics had been given than those with proven bacterial meningitis, consistent with prior 

antibiotic treatment rendering the CSF sterile. The proportion of patients having a CT before 

LP was not significantly associated with not having a pathogen identified. Significantly more 

patients in the suspected bacterial meningitis group had viral PCR performed on their CSF 

than the proven bacterial meningitis group (80% versus 41%, p=<0.001), highlighting the fact 

that the reason a pathogen was not identified was not because they weren’t tested. 

As the suspected bacterial meningitis group differed so much from the proven bacterial 

meningitis group I wondered if they were more likely to be similar to those with viral 

meningitis. I, therefore, compared their features with the proven viral meningitis group. This 

identified some similarities such as level of consciousness, fever on admission, CSF white cell 

count and CSF glucose. Other variables where there was a difference between the suspected 

bacterial meningitis group and both the proven viral group and the proven bacterial group 

were age, CRP, blood white cell count, CSF protein and CSF:serum glucose ratio.  Overall it 

seems likely that the suspected bacterial group were a mixture of bacterial and viral whereas 

the suspected viral meningitis patients likely did have a viral aetiology.  

Certain medications are known to cause meningitis. The most common of these are non-

steroidal anti-inflammatories and trimethoprim. There was no association with either of 
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these and not having a pathogen identified. This suggests that these were not cases of drug-

associated meningitis. 

4.3.3 Outcome 

The median duration of admission for patients with suspected viral meningitis was five days 

compared with four for proven viral meningitis (p=0.11). Patients with suspected bacterial 

meningitis had a slightly shorter length of hospitalisation than those with proven bacterial 

meningitis (10 days compared with 13, p=0.01). Antivirals were given for a similar duration 

in proven viral meningitis compared with suspected viral meningitis (3.3 days and 4.3 days 

respectively (p=0.7). However 38% of patients with suspected viral meningitis received ≥ 5 

days of antivirals compared with only 12% in those who had proven enteroviral meningitis 

(p=<0.001).  

Patients with suspected viral meningitis had a longer duration of symptoms than those with 

proven viral meningitis. The median time to complete resolution of symptoms (for those that 

achieved complete resolution within 3 weeks) was 16 days for those with suspected viral 

meningitis versus 11 days for those with proven viral meningitis (p=0.04, figure 4.3). 15% of 

patients (10/67) with proven viral meningitis still complained of a significant headache (score 

of ≥ 3) three weeks after admission. Headache was the most prolonged symptoms for 

patients with proven viral meningitis. The median time for the headache to become mild was 

slightly shorter for those with proven viral meningitis compared with proven bacterial 

meningitis (7 days vs. 8 days, p= 0.09). Patients with suspected viral meningitis had a longer 

time to resolution of headache than those who had proven viral meningitis (median of 18 

days versus 11 days, p=0.006, figure 4.4). They also had a longer time to resolution of nausea, 

photophobia and myalgia. Patients with proven viral meningitis had nausea for a median of 

5 days, photophobia for 8 days and myalgia for 7 days compared with 8.5, 11 and 13 days for 

those with suspected viral meningitis (p=0.019, 0.01 and <0.001 respectively, figure 4.4). 
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Neck stiffness was also present for longer in those with suspected viral meningitis (18 versus 

11.5 days) but was not statistically significant (p=0.14).  

 

 

 

 

 

Figure 4.3 Time for complete symptom resolution for patients with proven viral 
meningitis and those with suspected viral meningitis 



117 
 

 Figure 4.4 Time for symptom resolution for patients with proven viral meningitis and those with suspected viral meningitis 
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4.4 Discussion 
There were a large number of patients with meningitis in my study who never had a cause 

identified. As I showed in the chapter 3 it is difficult to differentiate viral meningitis from 

bacterial meningitis based on clinical features alone. Thus if a definitive diagnosis is not 

possible there is a concern that more patients will be admitted to hospital for antibiotic 

therapy to ensure no cases of bacterial meningitis are missed.  It has been shown previously 

that having an aetiological diagnosis can reduce the length of hospitalisation and duration of 

antibiotic therapy.99,100 In this chapter I have shown that adult patients with an aetiological 

diagnosis have shorter durations of antivirals and a shorter duration of symptoms. They also 

had a slightly shorter length of hospitalisation but this was not statistically significant.  

4.4.1 Diagnostic algorithms may help diagnosis 

Simple biochemical or haematological parameters have been assessed before as diagnostic 

aids and many converted into scoring systems.131,132 Several diagnostic algorithms have been 

developed to try and aid diagnosis in meningitis. These algorithms or scores are often 

developed on cohorts of patients where the diagnosis is known, for example bacterial 

meningitis or viral meningitis. However, as I have shown in the previous chapter many 

patients who present with symptoms of meningitis do not ultimately have meningitis. Even 

if one includes only the patients who have a CSF pleocytosis there is still a small proportion 

of patients who will not have either viral or bacterial meningitis. They have other forms of 

infective meningitis such as tuberculosis or fungal, or they may have a non-infective cause 

such as neoplasm or autoimmune disease. Therefore, for these diagnostic scoring systems 

to be helpful they should be validated prospectively in a cohort of patients who present with 

suspected meningitis. As they almost always require CSF parameters it is justified to include 

only patients who have a CSF pleocytosis. This would, of course, miss the small proportion of 

patients who may have meningitis and have a normal CSF white cell count – although this is 

rare in adults (1% of bacterial meningitis of my study population).  
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I validated both the Meningitest and the Bacterial Meningitis Score in an adult population. 

They both performed with a reasonable diagnostic accuracy although neither would 

diagnose bacterial meningitis every time. There is no score or proxy marker that will have 

100% diagnostic accuracy for both bacterial meningitis and viral meningitis. The Bacterial 

Meningitis Score, when developed, had a good negative predictive value for bacterial 

meningitis (100% with a score of 0). The positive predictive value for bacterial meningitis was 

not so good at 69% with a score of ≥2. Therefore it is good for excluding bacterial meningitis, 

or diagnosing aseptic meningitis. The Meningitest was better in that it had a positive 

predictive value for bacterial meningitis of 98% and a negative predictive value of 97%.134 In 

my cohort the PPV of the Meningitest was only 81% but the NPV was high at 96%. Therefore, 

it might be good for ruling out bacterial meningitis but not for ruling in. The original 

publication stated that “a cut off value of 6” can be used to differentiate bacterial from viral 

meningitis.134 It is not clear whether the value of 6 should be included in the bacterial 

meningitis group or the viral meningitis group. I therefore considered both. If the score is 

taken as 7 or more to predict a diagnosis of bacterial meningitis it has a better likelihood 

ratio for diagnosing bacterial meningitis but the same overall diagnostic accuracy as the 

lower cut-off.  Until recently the Bacterial Meningitis Score had not been fully validated in an 

adult population. In a very recent communication it has been assessed retrospectively and 

shown to have a sensitivity of 100% with a specificity of 51%. This study, despite including 

441 patients only evaluated 4 patients with bacterial meningitis.241 As a result they had very 

wide confidence intervals around their results. My assessment of the Bacterial Meningitis 

Score includes 92 patients with bacterial meningitis and 372 with a CSF pleocytosis. In this 

cohort I found the Bacterial Meningitis Score to perform worse than the Meningitest.  

No scoring systems or algorithms to diagnose meningitis have replaced clinical judgement 

and made it into clinical practice, at least in adult medicine. None has sufficient diagnostic 

power to be used in routine practice. Ideally these clinical scores should be evaluated against 
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a global clinical assessment to see if they can add anything to the diagnostic process beyond 

clinical acumen. Because numerous scores have been developed before and not made it into 

clinical practice my purpose was not to try and create another score. However I did want a 

measure that I could use to compare the patients who did not have a pathogen identified 

with those who did. This would allow me to see if there were any quantitative benefits to 

having an aetiological diagnosis.  

4.4.2 Clinical features differ between suspected cases and proven cases. 

Using a combination of the Meningitest and the CSF leukocyte differential I was able to 

categorise the patients without a cause into suspected viral meningitis and suspected 

bacterial meningitis. Those with proven viral meningitis seemed very similar to the suspected 

viral cases especially with regard to demographics and symptoms. Those without a pathogen 

identified had a longer duration of symptoms prior to hospitalisation and a longer duration 

from admission to LP. This is consistent with previous reports that have suggested that 

patients with enteroviral meningitis are less likely to have a positive CSF PCR if they have had 

symptoms for longer than 48 hours.108 Getting patients to present to hospital quicker has a 

lot of challenges. However, relatively speaking, speeding up the process within hospital 

should be achievable. This may allow for more patients to have an aetiological diagnosis. The 

CRP was significantly lower in patients with proven viral meningitis compared with those with 

suspected viral meningitis. This may also be consistent with the fact that many of the latter 

patients have undiagnosed enteroviral meningitis. As seen in chapter 3 the number of 

patients with a raised CRP was significantly higher in those with proven enteroviral 

meningitis than those with herpes meningitis (table 3.2). The difference in CSF parameters 

between those with proven viral meningitis and suspected viral meningitis may be a 

reflection that those without an aetiology are further into the course of their illness. Those 

with a proven aetiology were significantly more likely to have had a viral PCR performed on 

their CSF.  
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The patients with proven bacterial meningitis differed quite substantially from the suspected 

bacterial meningitis group especially with regard to age, symptoms and both blood and CSF 

results. The patients with proven bacterial meningitis were older and more likely to have 

altered consciousness, fever and rash. The CSF parameters were all significantly different. 

This may reflect this group of patients having significant numbers among them that do not 

have bacterial meningitis. It may be that medical staff are less likely to look for a pathogen 

in these patients. Only 69% of those with suspected bacterial meningitis had a blood culture 

performed. Similarly 40% in those with proven bacterial meningitis had a bacterial PCR 

performed on their blood compared with only 17% of patients with suspected bacterial 

meningitis. Similar proportions in both groups had bacterial PCR performed in their CSF. 

Laboratories may be more likely to perform bacterial PCR on CSF with a neutrophil 

predominance. As neutrophil percentage formed part of my definitions this may account for 

more patients with suspected bacterial meningitis having this investigation done.  

The patients with suspected bacterial meningitis had some features more similar to the 

proven viral patients – especially in terms of symptoms. However, it is likely that the 

suspected bacterial meningitis group were probably a mixture of both viral and bacterial 

aetiologies, underlining the difficulties associated with attempting to find proxy markers to 

diagnose patients. The patients with proven viral meningitis had a trend toward a shorter 

time from antibiotics to LP than those with suspected viral meningitis. This raises the concern 

that some of these patients may have partially treated bacterial meningitis preventing a 

pathogen being identified. Patients with suspected bacterial meningitis were tested for a 

viral PCR more often than those with proven bacterial meningitis. 

The fact that the season was associated with diagnosis was slightly surprising as well. It is 

well known that enteroviral meningitis is seasonal in nature and in chapter 3 I showed that 

all proven viral meningitis seemed to be more common in the summer and autumn months. 
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Here we can see that those patients with suspected viral meningitis are more common in the 

spring and summer months and in fact least common in the autumn. This may reflect an 

increased testing during traditionally more active times of year or potentially it points to an 

as yet unidentified seasonal aetiology. Those patients with suspected bacterial meningitis 

presented fairly uniformly throughout the year.  

4.4.3 An aetiological diagnosis results in shorter duration of symptoms and 

decreased antiviral usage. 

The reason for the lengthier symptoms in those with suspected viral meningitis was unclear 

but convincing throughout the range of symptoms assessed. It could be that there were 

some patients with bacterial meningitis included in the diagnostic category. However, the 

demographic and clinical features previously discussed would not support that. Additionally, 

the difference in length of symptoms between proven viral meningitis and proven bacterial 

meningitis was not significant. It could also reflect anxiety and psychologically driven 

symptoms in those who did not have a definitive diagnosis. Both bacterial and viral 

meningitis have been shown to have neuropsychological effects although anxiety has not 

been specifically looked at as far as I am aware.209,210,242,243  

Studies in paediatric populations have shown that identifying a pathogen can reduce the 

length of hospitalisation, reduce courses of antibiotics and decrease the number of 

unnecessary investigations.99,100 These studies are largely in a US setting where the 

management of hospital admission is very different to the UK. In the UK there is a maximum 

of 4 hours a patients can stay in the emergency department. Unfortunately, this often means 

that if investigations have not been completed, or the results are unavailable, patients are 

admitted to the hospital to await further investigations or results. One study from Australia 

has shown that there was no reduction in the length of hospitalisation or duration of 
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antibiotics with a positive viral PCR. However, this study was relatively small (n=43) and 

looked only for enteroviruses.244 

Patients with suspected viral meningitis had a longer hospital stay than proven cases but this 

was not statistically significant. My results suggest that a specific diagnosis can reduce 

unnecessary antivirals. 38% of patients with suspected viral meningitis received a course of 

antivirals for five days; 12% of patients with proven enteroviral meningitis did. Improving 

diagnostics so that more patients can have a specific aetiological diagnosis can reduce costs 

associated with unnecessary treatment and potentially hospitalisation. This would have to 

be offset against the cost of any diagnostic test.  

Simple measures have been shown to improve the uptake of specific diagnostic tests and the 

diagnostic yield. The introduction of a simple pack containing the equipment needed for an 

LP and instructions as to what samples to take increased appropriate testing from 15% of 

patients to 51%. The most common areas of error were blood glucose and CSF virology. This 

pack increased the amount of patients with a CSF pleocytosis having a pathogen detected 

from 17% to 50%. The study was not powered to detect these changes but statistical 

significance was very nearly reached.245  

Neither clinical and laboratory features nor diagnostic algorithms can definitively diagnose 

the cause of meningitis. Patients without a cause identified have longer courses of 

antimicrobials and a longer duration of symptoms.  The number of patients having specific 

diagnostic tests needs to increase but also the speed with which these tests are performed 

should also be addressed.  If both of these were done we might have more definitive 

diagnoses leading to decreased antiviral and antibiotic usage as well as shorter 

hospitalisations and shorter course of illness.  
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4.5 Conclusion 
The number of cases of meningitis without a cause identified was of particular interest to me 

as this accounted for 42% of all cases and no-one seems to have considered this group in 

detail before. There are many potential reasons for the lack of an aetiological diagnosis 

including: 1) not having specific diagnostic tests done, 2) current diagnostic tests being 

inadequate, 3) a new or emerging pathogen being responsible for meningitis, 4) a non-

infectious aetiology or 5) the pathogen is present in a site distant from the CSF e.g. paraspinal 

abscess. The remainder of my thesis attempts to address the first two of these. It is unclear 

why some patients have specific diagnostic test performed and others do not, so I undertook 

a qualitative interview study to look at this. Firstly I interviewed doctors to assess how they 

approach the patient with suspected meningitis and what determined the tests they carried 

out. Secondly, I interviewed patients to assess the importance of an aetiological diagnosis to 

them. I felt it was important to interview patients as well to give validity to the results. As 

viral meningitis is often said to be a benign self-limiting disease, I wanted to give voice to the 

patients’ opinions regarding aetiology as well as the physicians. These results are discussed 

in the next chapter. In chapter 6 I then go on to assess if using a standardised method of 

testing for specific pathogens can increase the diagnostic yield. 
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Chapter 5 – “What’s in a name?”c An interview study of doctors 
and patients. 

 

5.1 Introduction 
In chapter 3 I showed that 42% of patients with meningitis never had an aetiological diagnosis 

made. Many investigations which might help with establishing an aetiological diagnosis were 

not performed. Useful investigations, which can point to potential diagnoses, such as opening 

pressure, concurrent blood glucose and HIV testing were not done. Also, specific diagnostic 

tests, such as viral and bacterial PCRs, were not always performed. I also showed that the 

general management of patients with meningitis and suspected meningitis was inconsistent. 

In the previous chapter I identified that one of the main variables associated with not having 

an aetiological diagnosis was whether patients had specific diagnostic tests done, in 

particular CSF PCR. Other smaller studies have also shown that the investigation and 

management of both bacterial and viral meningitis is inconsistent.88,220,221,245,246 I was keen to 

explore this in further detail. In particular why was it that some patients in my study had 

certain investigation and others did not? What are the factors that come into play to 

determine how doctors investigate cases of suspected meningitis? I also wanted to explore 

the importance of an aetiological diagnosis, or not, to both the physician and the patient. In 

order to explore these research questions I undertook an interview study of medical staff 

and patients. 

My aims for this chapter are: 

1) To explore the ways in which doctors investigate and manage patients with 

suspected meningitis, with an emphasis on diagnosis; 

2) To analyse the patient experience of diagnosis; 

                                                           
c This is also the title of the first chapter of Anne Marie Jutel’s seminal book on the sociology of 
diagnosis – “Putting a name to it: Diagnosis in contemporary society” – unintentionally borrowed. 
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3) To review the importance that both doctors and patients place on having an 

aetiological diagnosis. 

5.2 Background 
 

Anne Marie Jutel describes the diagnostic moment as both ‘transformative and 

contingent’247. It is transformative as it describes the point in which a patient goes from 

having an illness (bound by social factors) to having a disease (bound by the biomedical).184 

It can also label a person ‘before’ and ‘after’ they were diagnosed with disease x, or it can 

transform a patient with mild symptoms to someone with a life limiting disease. Jutel goes 

on to say ‘a diagnosis is always a social creation…..it has to be visible, problematic and 

perceived to be related to the field of medicine’. It is interesting to note that for a disease to 

be classified it needs to be visible first. Visibility can depend on culture. For example, recently 

it has been suggested that HIV emerged as a human disease in Africa in the 1920s.248 It only 

became classified as a disease, as we recognised it, when it became visible in Western 

communities in the United States.  

As well as having a diagnostic ‘moment’ there is also a diagnostic process, which is being 

increasingly recognised and may in fact be much more meaningful that the actual moment 

of diagnosis, which will be different for patient and physician. The diagnostic moment may 

also differ between patients – the ‘moment’ may occur at a separate time to when the 

physician has actually told the patient. It may occur after a period of time, when the patient 

has had time to process it.249 It may be that for some patients their diagnostic ‘moment’ only 

comes when they have accepted and realised it.  It is also possible that for some, the 

diagnostic moment comes before they are actually told the ‘official’ diagnosis. 

Monika Büscher and colleagues have described diagnosis, as well as being a ‘moment’, as ‘a 

material, embodied collaborative process involving expert skills, careful sensory and social 

engagement with human agencies….and non-human agencies’.250 Büscher has also written 
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on a wide range of diagnostic work, out with the area of health as well as within251. She 

describes diagnostic work as any work which aims to identify the cause of a problem and 

outlines four underlying themes of many different types of diagnostic work. The first of these 

states that diagnostic work, first and foremost, is a social phenomenon. Secondly, there are 

frequently many agencies involved in diagnostic work, thirdly diagnosis is intrinsically linked 

to intervention – sometimes resulting in an explicit diagnosis being unnecessary. This is 

exemplified, for Büscher, in the example of web-designers who fix problems without knowing 

exactly what the problem was. Finally, she describes how diagnostic work can also be 

performed in the absence of a dysfunctioning unit, it may be done in response to working 

out how a functioning unit works. Despite being used to describe many non-medical 

diagnostic procedures these themes are all relevant within the sphere of medical diagnosis 

as well. 

Despite the importance of diagnosis the theoretical framework of a sociology of diagnosis 

has struggled to be formally recognised. Mildred Blaxter, Phil Brown and Ann Marie Jutel 

have all argued for the establishment of a ‘sociology of diagnosis’ in the 1970s, 1990s and 

2000s respectively180,184,252. Some of the key aspects to a sociology of diagnosis include: 

classifications of diseases/illnesses, the process of diagnosis, contested diagnoses, 

uncertainty, doctor-patient relationship and the use of technologies within medicine. The 

theoretical perspective of the sociology of diagnosis encompasses all of these aspects of 

diagnosis and more. Medicalisation, the use of technologies, medical authority and power, 

uncertainty and the sociology of knowledge are but some of the other areas that can be 

encompassed within this new framework. In this chapter my aim is to use the framework and 

literature surrounding the sociology of diagnosis, with particular emphasis on exploring the 

process of diagnosis, to understand both the medical and patients’ perspective on being 

diagnosed with meningitis. 
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5.3 Methodology 
5.3.1 Grounded theory and constructionist grounded theory 

I have used an adapted form of grounded theory for this part of my PhD. Grounded theory is 

a methodological approach that was established in the 1960s by Glaser and Strauss253. The 

fundamental principle of grounded theory is that the theory is derived from, or ‘grounded’ 

in the data, that is, the theory does not come before the data but afterwards. This is the 

opposite of many forms of research where there is a theory, or hypothesis, and one aims to 

prove or disprove it with data. Whilst many studies and research papers claim to use 

grounded theory, few use it in its entirety, and original form.254 This is why I state that I have 

used an adapted form of grounded theory. I have used some of the principles and methods 

but not all.  

Grounded theory is most often used to try and explain or understand social phenomena 

where we have no pre-existing theory or knowledge as to what might be going on.  Some of 

the main tenets of original grounded theory are 1) iteration occurs throughout – that is going 

back and fore between results and method; using initial results to refine methods and 

continuing to do that throughout the analytical process, 2) purposive sampling – that is the 

sample is chosen with a purpose, it is not random, 3) constant comparison – constantly 

comparing between and within subjects, also comparing with the literature and 4) data 

saturation – stopping data collection when no new information can be elicited rather than 

when a specific sample size has been reached. The novelty of grounded theory is that it 

brought the order and routine of positivism whilst allowing the researcher to bring their own 

ideas and choices to the process.254 This came about as a result of the different backgrounds 

of Glaser and Strauss. Glaser had a positivist, quantitative data analysis outlook whereas 

Strauss came from the Chicago school of pragmatism with a background of theory 

development.  
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The original process of grounded theory was a continuous method of collecting data resulting 

in conceptualisation and finally theory development. The initial phase was coding the data – 

line by line, analysing the data and building up a theoretical framework –this would then lead 

to more data collection, using sampling devised from the emerging theory, coding, analysing 

and theory development. This iterative process of combining data collection and analysis 

would continue until the researcher had reached ‘saturation’ – i.e. no further theories or 

concepts emerged from the data. As well as the process continuing in a forward fashion it 

would also be continuing in a ‘sideward’ fashion. That is, every case is compared with other 

cases for theory and concepts.254  

Unsurprisingly, given the diverse backgrounds of both Glaser and Strauss, the field of 

grounded theorists has developed in a very diverse way as well. Janice Morse and colleagues 

bring together some of these newer ‘versions’ of grounded theory in their book ‘Developing 

Grounded Theory – the second generation’.255 Kathy Charmaz is one of these second 

generational grounded theorists. She studied at the University of California around the same 

time as Glaser and Strauss published their seminal piece of work from there. Consequently 

she was well placed to further develop the theory. 

Charmaz has developed a form of grounded theory incorporating the constructionist 

viewpoint which states that any theories which are developed using grounded theory must 

be informed by some of the researcher’s previous life experiences and thoughts.175 Charmaz 

states that “objectivist grounded theory….assumes a discovery of data in an external world 

by a neutral but expert observer and the data should be observed without 

preconceptualisation”.255 Contrary to this, constructionist grounded theory incorporates the 

person of the researcher as well as the researched. This means recognising that the views, 

culture, experiences and preconceptions of the researcher all play a part in understanding 

and analysing the data.  
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As an ‘insider’d within medicine, it would be very difficult for me to have a completely neutral 

viewpoint.  In addition my interview method (with both doctors and patients) was more of a 

conversation than an interview, as described by Burgess and colleagues.256  As a result the 

process of interaction with the research participant enabled the data to be collected in a way 

that would not necessarily have been possible with an objective outsider. This interaction 

between interviewer and interviewee is also a key component of Charmaz’s constructionist 

grounded theory. Constructionist grounded theory emphasises the fact that there are 

multiple constructed realities.200 In my research there are realities that I will have constructed 

which will no doubt differ from the realities that the patient or clinician has constructed. 

Constructionist grounded theory also notes that data, and realities, are co-constructed 

between the researched and the researcher and as such the researcher’s position is of 

utmost importance – as is transparency and reflexivity257. Whereas Glaser and Strauss’ 

grounded theory aimed for generalisability, constructionists see their grounded theory as 

more situated in time and culture taking into account all the different actors. The research 

participants will also be influenced by their own social spheres and experiences. This means 

that rather than there only being one theory to discover there is only a construction of a 

reality that is composed of the researcher’s outlook on life and that of the research 

participants and that which is co-constructed in the interaction between them.  

As a doctor I came to this research very much with my own pre-conceptions. I wanted to 

understand and explore the experiences of both the patient and the doctor –already there 

are multiple realities to understand. As such it was probably inevitable that I would take the 

constructionist’s method of ‘doing’ grounded theory. A major aspect of constructionist 

grounded theory, as opposed to objectivist grounded theory is that of the reflexivity of the 

researcher – this is integral to both the data analysis and also for the reader to be able to 

                                                           
d For more on insider-research see the end of the chapter. 



131 
 

ascertain the influence that my experiences (both prior to conducting the project and during 

it) had on the conclusions that are made. Reflexivity and my experiences of being an ‘insider-

researcher’ are explored more at the end of this chapter and further in my general discussion 

(chapter 7).  

In summary constructionist grounded theory was my methodology of choice as I wanted to 

use the basic methods of grounded theory to establish a theory of why patients were 

receiving different treatment pathways; at the same time I had a lot invested in the research 

already and would most definitely be bringing a lot of pre-conceived ideas to the process. 

5.4 Findings 
Detailed methods of how I contacted the participants and analytical strategies are given in 

chapter 2. The demographics of the patients and medical staff interviewed are shown in table 

5.1. I carried out 27 interviews with 8 patients and 19 medical staff.  

The main themes that I will discuss are the categorisation and process of diagnosis as well as 

the sources of a doctor’s knowledge. I also identified several sub-themes. These are shown 

in figure 5.1.   
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Table 5.1 Demographics of patients interviewed 

Pseudonym Gender Age Aetiology of meningitis 

David Male 31 Unknown 

Brenda Female 59 Varicella zoster virus 

Rachel Female 28 Unknown 

James Male 26 Enterovirus 

Peter Male 51 Herpes simplex virus type-2 

Elizabeth Female 59 Unknown 

Jane Female 41 Unknown 

Heather Female 59 Varicella zoster virus 

Demographics of doctors interviewed 

Pseudonym Gender Grade Current Specialty  

Clare Female ST3 Elderly Care 

Jo Female ST3 Gastroenterology 

Greg Male CT1 Gastroenterology 

Chris Male CT1 Cardiology 

Richard Male GPST1 Infectious Diseases 

Jessica Female Consultant Acute Medicine 

George Male Consultant Acute medicine 

Jon Male ST5 Infectious Diseases 

Rebecca Female ST3 Genitourinary medicine 

Dave Male Consultant Acute Medicine 

Catherine Female ST4 Microbiology 

Dina Female SHO Acute Medicine 

Andrea Female FY1 Acute Medicine 

Eva Female FY2 Neurorehabilitation 

Joseph Male ST3 Accident and Emergency 

Abraham Male ST3 Infectious Diseases 

Ciara Female FY1 Infectious Diseases 

Sandra Female CT1 Acute Medicine 

Emma Female FY2 Acute Medicine 

FY1=First year foundation year doctor (first year after medical school); FY2 = Second year foundation doctor (second year 

after medical school). CT1/2 = Core training year one/two (normally completed after foundation years). ST3-8 = Specialist 

Training years 3-8 (normally completed after core medical training). Senior Clinical fellow – non training post around the level 

of ST3. GPST1 = General Practice Specialist trainee year one (normally following foundation years.) 
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Figure 5.1 Themes and subthemes identified from interviewing patients and doctors regarding diagnosis in meningitis 

The categorisation of diagnosis The process of diagnosis Major themes 

Distributive diagnosis Perseverance of diagnosis Uncertainty 

Doctor-doctor 
relationship 

Doctor-patient 
relationship 

Other 
relationships 

Differential 
diagnosis  

Perpetuation of 
a diagnosis 

Un- refinement 
of a diagnosis 

Sub - themes 

Sources of a doctor’s knowledge 
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5.4.1 The categorisation of disease 

The most common medical diagnostic classification system used in the UK, and possibly 

worldwide, is probably the ICD-10 (see chapter one for further explanation). This 

classification system, and its subsequent revisions, is largely formed from a combination of 

‘technical, social, political and economic decisions’.185  In addition, despite being an 

‘international classification of diseases’ its origins (and continuance until today) stems largely 

from the Western world and the biomedical model. There seems to be no place for cultural 

variations within the classification.  

Mildred Blaxter states that the ICD is in fact a complete mixture of classificatory systems –

encompassing disease entities, descriptions of diseases, symptoms and causes of illness. It is 

postulated that this is as a result of much historical addition but little removal of categories. 

The aims of this classificatory system are to provide comparable data between, and within, 

populations. The WHO, who co-ordinate the ICD, state that:  

“ICD defines the universe of diseases, disorders, injuries and other related 

health conditions, listed in a comprehensive, hierarchical fashion that allows 

for: Easy storage, retrieval and analysis of health information for evidenced-

based decision-making; sharing and comparing health information between 

hospitals, regions, settings and countries and data comparisons in the same 

location across different time periods”.258 

Peter Conrad developed a concept of factors outside of the immediate medical diagnostic 

encounter influencing diagnostic categories. Traditionally insurance claims and the ability to 

track and compare disease in different populations were drivers of diagnostic categories. 

However, Conrad argues that commercial and market interests are the new drivers of 

diagnosis.259 Advances in medical technology can also advance diagnostic categories and the 

rise of the PCR may, in part, account for the move from ‘aseptic meningitis’ to ‘viral 
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meningitis’. It is also the only reason I can contemplate studying the aetiology of viral 

meningitis and the consequences of knowing and understanding that aetiological diagnosis 

or not. Because we have the ability to diagnose the specific virus or bacteria I am then able 

to question the legitimacy of whether it is acceptable or not to have an aetiological diagnosis. 

This classification of disease brings with it concerns and arguments when something doesn’t 

quite ‘fit the box’. Illnesses such as medically unexplained symptoms and chronic fatigue 

syndrome are two such examples that were highlighted in chapter one. So, whilst 

classification has benefits, it also has negative aspects. Classification of disease is not a new 

phenomenon. Sydenham in the 16th century said we should be attempting to describe 

diseases in the same way as botanists did with plants.184  

Many participants that I interviewed – both patients and medical staff spoke about the merits 

of having a name for a particular illness. As well as being useful for guiding treatment, 

diagnostic labels, or ‘having a name’, provided a welcome source of legitimation for the 

patients. 

5.4.1.1 The purpose of a diagnostic label 

Diagnosis is a key element of medical practice and has many purposes. It legitimates 

symptoms and transforms them into a disease entity. It separates lay from professional and 

allows patients to have access to specialists. It also enables specific treatment or advice. Anne 

Marie  Jutel and Sarah Nettleton put it this way “diagnosis: validates what counts as disease; 

offers explanations and coheres patients symptoms; legitimates illness, enabling patients to 

access the sick role; provides a means to access resources and facilitates their allocation; and 

forms the foundation of medical authority”.184 The major reasons that the medical 

interviewees gave for having an aetiological diagnosis were: 

x To determine if treatment should be given and the length of treatment e.g. aciclovir 

may be given in patients with herpes meningitis but it will have no effect on other 
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forms of viral meningitis and in bacterial meningitis pneumococcal meningitis needs 

to be treated for longer than meningococcal meningitis (n= 15). 

x For public health reasons e.g. to diagnose or exclude a cause that would have 

serious public health consequences i.e. meningococcal disease (n = 9). 

x To give the patient a name for their illness (n=9). 

x To exclude other diagnoses e.g. by saying it is definitely enteroviral meningitis you 

can exclude bacterial causes (n = 8). 

x Useful for epidemiological purposes (n=5). 

x To prevent it happening again (n=4). 

x For the development of new antimicrobials and vaccines in the future (n=2). 

The main reason for a diagnosis for the patients was to give a name to their illness and 

provide reassurance. Most of the patients expressed a wish to know (n=5) although two of 

the patients did say that if it was not going to make any difference they were happy with not 

having a specific name. Although the main concern for medical staff was a diagnosis being a 

means to treatment, significantly less patients placed emphasis on this – just one said that a 

diagnosis would only be useful if it impacted on the treatment strategy. Blaxter, in her 

seminal work on diagnosis, exploring alcoholism, concluded that physicians might be 

reluctant to pursue a diagnosis if there is no treatment readily available.180 Having explored 

both physicians’ and patients’ points of view we can see there are many reasons, other than 

treatment, readily apparent to both parties.  

Certain specialties were more likely to look for a specific pathogen than others. Perhaps 

unsurprisingly, the infectious diseases doctors and microbiologists might be more likely to do 

the specific diagnostic tests, although this may simply be a reflection that they more aware 

of the availability of these tests, or had better access to them.  

“I think from working here, in ID [infectious diseases] actually knowing it 

is viral and knowing the cause, has been, that has been a lot more of a 

focus than perhaps some of the other departments in terms of what I think 

about that. I think, I am someone who still likes to chase a diagnosis a bit, 

I think so although some people are quite happy that if the treatment is 
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the same it doesn't really  matter what is causing it, I still quite like to know 

I suppose” (Richard ST1, GP trainee working in infectious diseases). 

 
One of the primary reasons for doing a lumbar puncture was to ‘rule out’ rather than ‘rule 

in’. For example, to rule out a subarachnoid haemorrhage or rule out bacterial meningitis. If 

there were other methods of confirming these, more life threatening conditions, without 

doing a lumbar puncture it is possible that many doctors would stop performing lumbar 

punctures. This could result in many more patients with viral meningitis not getting a 

diagnosis as obtaining a definitive diagnosis of viral meningitis was not a prominent theme. 

Frankel addresses the tension between the physician’s aim to ‘rule out’ a severe or sinister 

diagnosis and the patient’s desire to find an explanation for their symptoms260.  

There are many reasons why having a definitive diagnosis might be beneficial. Andrea, a 

newly qualified doctor, highlights the varied trajectory of a diagnostic label. For example: for 

a patient to name the disease within their narrative which will be told to others; to write into 

a medical record which will then become part of an epidemiological narrative; to act as a 

universal signifier to other clinical staff of the intended treatment; and (uniquely to infectious 

diseases) to act as a piece of information for research funding to develop a vaccine.   

 “I don’t know for the patient it is probably I don’t know it is probably part of 

the diagnosis to know what causes it so it might be important for their, from 

their point of view to get a closure, not a closure but to complete the story of 

the illness, erm… even after recovery. But I think from a public health point of 

view future research and development of medication I think it is probably, it 

is probably quite important. It is important from treatment point of view to 

see how long are we going to carry on with the treatment depending on the 

pathogen causing it, but I think it plays probably a bigger role in the 

development and in the prevention. We know this is a certain pathogen that 

we can develop a vaccine for it is just, just yes just future development of 

vaccines probably and get probably more funding, for something when you 
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can prove that a lot of these cases are caused by a specific pathogen”(Andrea, 

FY1 doctor). 

So, whilst for doctors the most important reason for a diagnosis is to determine treatment 

some also have a bigger picture in mind and are aware of the wide and varied purpose an 

individual diagnosis might have such as developing future vaccines and determining research 

funding. Despite the many reasons for a diagnosis, some people suggest if there is no 

treatment then a specific diagnosis may not be necessary.  

There were also some reasons given to not look for a specific diagnosis. One of the reasons 

given for not pursuing a diagnosis was that it would only be useful if it would change the 

clinical management. Dave, who was a fairly senior consultant said the following:  

“I feel that if it is viral meningitis, the treatment will be the same……I am 

quite happy to even tell them [the patient] at the end yes it probably was 

viral meningitis, but we didn’t have to prove it because the treatment 

would have been the same anyway” (Dave, consultant in acute medicine).   

 
One of the patients suggested that pursuing an aetiological diagnosis may not be financially 

viable. 

“I mean if there is a test it is fine, but if there is no treatment, a test is not 

very useful unless again there is a lifestyle change you can make because of 

it….. you see we have just got to be so careful about how money is spent and 

it is a question of, how effective is this pound spent isn't it” (Elizabeth, 59, 

retired magistrate, meningitis of unknown aetiology). 

 
Some of the doctors felt they would only persevere in chasing a diagnosis if the patient was 

not improving. If they improved quickly with simple supportive care, such as painkillers and 

rest, then there was no need to go looking for other diagnoses - it would be assumed to be 

‘viral meningitis’. The financial cost of diagnostic tests to the NHS was mentioned by a few 

medical staff and some patients, as being a consideration to take into account. 
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The difference in styles of diagnostic pursuit may, in part, be down to value judgements being 

made by the physician. These may not necessarily be conscious but nevertheless value 

judgements are an important part of diagnostic thinking and diagnostic work. Büscher and 

colleagues state that ‘while diagnostic work is about problem solving or recognising 

opportunities for action, it cannot be separated from peoples’ value judgements, which can 

be discriminatory or prejudicial’.250 So, in Dave’s account above, he is making a judgement 

that patient does not need a definitive diagnosis, potentially not understanding how that lack 

of name might impact on the patient in later days and months to come. This is not to criticise 

Dave, as no matter what diagnostic path a physician takes, it will almost always be taken with 

a value judgement in mind. So, for another physician, that takes the decision that an 

aetiological diagnosis is important in order to provide a treatment, they are making that 

decision based on a value judgement that, a) the treatment will be beneficial and b) the 

patient wants that treatment.  

5.4.1.2 The importance of a name – legitimation, understanding and reassurance 
A diagnostic label allows legitimation and understanding for the patient as well as access to 

social acceptance. Jane was a 41 year old lady who worked as a warden at a sheltered 

housing complex. She had an episode of meningitis, presumed to be viral. She said that once 

she started thinking about her experience when she got home, a name would have been a 

good thing because she was left wondering and was concerned people would not see her 

illness as genuine. She highlights the inherent social obligation we have not to be ill and to 

continue functioning within society.  

“you know when you have been that poorly, and then all of a sudden 2 

days later you are fine you can go home, you think well what the bloody 

hell were it, and you know you don't want people thinking that you are 

hypochondriac, like with flu symptoms so I think probably yes I would like 

to know if it was but, at the time it didn't really bother me I was just glad 

to go home on the Monday.” (Jane, 41, warden, meningitis of unknown 

aetiology) 
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Another of the interviewees, James, also refers to his social obligation to be at work.  

 

“Ok so I think it was about probably the Thursday I started feeling a bit funny, 

at work, when I say funny it was probably like a bit of a headache, bit of a 

headache came on. Erm... and that progressed in the evening a little bit 

further that Thursday evening which was a bit more of a headache, and of 

course I just started oh I have got a headache so I started drinking water, 

paracetamols and that sort of normal self-control as it were.  Erm... Thursday 

night I really did feel a little bit more, a little bit worse, Thursday night I was 

unsure, I was just like oh work Friday am I going to, you know, yes soldiered 

on I don't like taking, I have never taken a sick day as it were, just like no it's 

ok I can do this so Friday carried on, erm... Friday is a half day at work, so you 

leave about 1 o'clock erm... I was still feeling a bit groggy sort of like pounding 

headache, erm... “(James, 26, Engineer, enteroviral meningitis). 

 

Parsons, one of the proponents of functionalism, spoke about the value of a diagnosed illness 

in allowing a patient to occupy  the sick role.261 Jane and James demonstrate that a diagnosis 

can give permission to be ill which carries with it certain privileges, such as being exempt 

from normal duties like work.  

For Heather, a 59 year old research nurse who had varicella zoster meningitis, having a name 

and a diagnosis helped her to understand the causative nature of her illness.  She put this 

down to the fact that she was naturally inquisitive and possibly related to her job.  

“Well because, I am just naturally curious ((laughs)) I like to understand 

what is causing things…. I was very glad to know, yes. Erm… I like to know, 

em, I don’t, I don’t like loose ends, but as I said it is probably partly because 

I am a nurse, partly because I am a researcher, I think […..] there is reasons 

for things, and it is good to know.” (Heather, 59, nurse, varicella zoster 

meningitis) 

 

Although an aetiological diagnosis in cases of meningitis is not the same thing as contested 

or disputed diagnoses, there are similarities. Jutel states that “a number of conditions find 
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their recognition thwarted by medicine”.247 Although she is talking about contested 

diagnoses the same could be said of enteroviral meningitis or herpes meningitis. The specific 

aetiological diagnosis in meningitis is often not obtained. This might be because it wasn’t felt 

necessary to pursue an aetiology, or because the doctor was unaware that a specific 

diagnosis was available or because the technology used to obtain a diagnosis (the polymerase 

chain reaction) was just not good enough i.e. that is, it was done but failed to provide a result 

and therefore a name.  

In Heather’s account you can see that her identity as a nurse, as a researcher is all embroiled 

in her desire to have a diagnosis. In the accounts from James and Jane above as well, their 

identities, as members of the workforce, also plays a part in their pursuit for a diagnosis. Both 

the patient and doctor’s personality or identity can influence the clinical care received and 

given.262  

Jane goes further to describe the uncertainty associated with not knowing. 

“Yes I think if they could have found out it would have been nice to find out 

if I had had it, because I would like to have known what I did have if it 

wasn't meningitis… I would have liked to have known yes a bit more 

because I thought they had took enough blood, I had had a scan, I had had 

the lumbar puncture, and I just kept thinking well I have had all them so it 

can't be anything serious because they would have come and told me, you 

know but, I still don't really know if I did or not.  So.....” (Jane, 41, warden, 

meningitis of unknown aetiology) 

 

Jutel gives a personal account of her own medical history to discuss issues around ‘knowing’ 

the diagnosis, even if it makes no difference to treatment. She describes a scenario where 

she sustained a potential broken thumb in a mountain biking accident, her GP tells her it 

could be a break or it could be a strain but the treatment would be the same in either case – 

a splint. Jutel decides she does not need to know and therefore, opts not to have the x-ray 

to find out either way.263 In Jutel’s account, the doctor is offering options –to have the x-ray 
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and find out for sure or not whether it is a fracture. In the case of meningitis, most patients 

are not given options – they are told they have ‘meningitis’ or ‘viral meningitis’, and this is 

the definitive diagnosis. They are not given the option of looking further for a specific virus 

or other causes. As time went on, Jutel found difficulties following her decision ‘not to know’. 

She was unable to fully legitimise her injury as she could not answer colleagues when they 

asked her ‘is it broken?’ The uncertainty led her to seek a second opinion – who agreed with 

the first, that there was no imperative to do an x-ray. Whilst her decision not to have an x-

ray may have saved money in one sphere, it necessitated a further visit to the GP which has 

direct and indirect costs. Jutel goes on to state not only the biomedical reasons for a diagnosis 

– to determine a treatment, but also the social ones – resource allocation, legitimisation and 

identity. She also highlights another important and often overlooked reason for diagnosis – 

if knowing will help people get better (presumably psychologically as well as physically) it is 

important to know. Doctors inhabit a world of uncertainty as clinical practice is filled with 

ambiguity and ambivalence. As a result of being embedded within uncertainty, practitioners 

perhaps, do not always appreciate a patient’s need for the identity and legitimation that 

comes with a diagnostic label. I showed in the last chapter that patients with a definitive 

diagnosis had a shorter duration of symptoms than those who did not. One possibility for this 

might be because ‘knowing the diagnosis helps you get well’. 

Having a name brings reassurance to the patient. The word meningitis can instil fear into 

patients, presumably because of the potential for death and the association with media 

campaigns outlined earlier. Rachel, who was a 28 year old catering assistant had suffered a 

second episode of meningitis – an aetiological cause had not been found in either episode. 

Both times it was assumed to be viral. She mentioned how finding out it wasn’t bacterial 

meningitis or, as she called it, “an infectious meningitis”, was a relief.  

“the first time round, when I found out it was meningitis, I only knew of 

one which was the bacterial one, so I panicked thinking I had infected my 

little girl so to then find out it is not an infectious meningitis was a relief 
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but still horrible because I was going through it. So but my initial reaction 

was oh my God my child so...” (Rachel, 28, catering assistant, recurrent 

episode of meningitis of unknown aetiology). 

 
These expressed feelings of relief were also seen in Peter’s case, a 59 year old engineer. He 

expressed happiness when he discovered it wasn’t ‘the bad one’. Peter had HSV-2 meningitis 

although he did not seem to be aware of the actual pathogen when I was interviewing hime. 

Although not seen in my interviews, relief does not always follow when faced with a benign 

diagnosis rather than a life threatening one. In patients with benign breast lumps some 

women have not experienced the relief that might be expected. The only factor, in women 

with benign breast lumps, that remained significantly associated with not being reassured, 

after multivariate analysis, was a lower level of education. However, the authors did not 

assess the role of the healthcare worker, and their relationship with the patient, on how 

reassured the woman was after receiving the benign diagnosis.264 This is an important 

consideration. 

Others have looked at levels of reassurance following the diagnosis of non-serious disease in 

patients undergoing gastroscopy265 and bone density assessment.266 Both identified a high 

level of pre-existing health anxiety would pre-dispose to a lack of reassurance following 

benign diagnoses. So, even though viral meningitis is often quoted to be a benign illness, 

when compared to bacterial meningitis, it may not always bring with it the expected relief. 

The fact that this did not come out in my interviews might have been as a result of the small 

                                                           
e It was apparent when I was interviewing some of the patients that they were unaware of their 
aetiological cause of meningitis. As the patients had been selected from patients who were enrolled 
into the UK Meningitis study I had access to their aetiological diagnosis. For fear of unduly 
influencing the interviews I deliberately did not look up the results for the patients before the 
interviews, however, after them and when I was beginning to analyse and write up the interviews I 
discovered that some of the patients who said they did not know what bug had caused their 
meningitis had in actual fact had an organism isolated. There could be several reasons for this. Often 
the result of a test come back after the patient has gone home and if there is nothing specifically to 
be done it might be that the doctors decided not to inform the patient of the result. It is possible 
that the patient was told but hadn’t remembered, there were many comments alluding to problems 
with memory. Thirdly it might be that neither doctor nor patient were aware i.e. the result was 
never relayed to the doctor looking after the patient.   
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numbers of patients that I interviewed, or perhaps that the construction of meningitis 

through the media is so devastating that when told they have a benign version of the disease, 

the relief is universal.  

5.4.1.3. The construction of meningitis as a diagnosis 
In the late 1990’s there was an epidemic of meningococcal disease, largely in children, in the 

UK. A very successful media campaign was launched, aimed at raising awareness to the 

general public. It is this construction of meningitis that seemed to resonate with the patients 

I interviewed.  

“I just sort of thought of meningitis as being a bacterial thing, that babies 

and young children got where you do the glass test” (Elizabeth, 59, retired 

magistrate). 

“I only thought kids got meningitis.  And that were it, that were my sole 

understanding that meningitis only kids got it, and when I got it I thought 

you are having a laugh.  How can a bloody 48 year old bloke catch 

meningitis, I am not a kid and I couldn't believe it at first” (Peter, 51, 

engineer). 

These campaigns were so successful they have served to define meningitis even now – 

despite the fact that meningococcal disease is now very rare.  ‘The glass test’ (figure 5.2) is 

known by most people, and many people, especially parents, will be terrified of it because of 

the association that it has with death. This has, of course, translated into a certain stereotype 

of what meningitis is. Whereas meningitis is merely a descriptive name for the inflammation 

of the meninges and the most common causes are viral the word meningitis has been 

equated to meningococcal sepsis. Meningococcal sepsis is now very rare; the vast majority 

of patients who have meningitis will not have a life or limb threatening condition. However, 

that is still what many patients seem to bring to mind. 
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Even some of the physicians seemed to be able to relate to this and stated that often 

meningitis is not thought of as occurring in adults as it is considered to be a childhood illness.  

Joseph, who originally came from Northern Africa and was a doctor working in accident and 

emergency, stated that they would routinely do specific diagnostic tests in children but not 

in adults. Joseph’s comments resonate with my experience as well; many doctors will see a 

patient in their 50s with a fever and confusion and think they have a urinary tract infection 

and not even consider meningitis – because they don’t necessarily have a stiff neck and 

photophobia. This may lead to delayed diagnosis. However, this has to be considered in the 

context that urinary tract infections are much more common than meningitis in this age 

group. For both patients and doctors the prevalent understanding of meningitis seems to be 

underpinned by the worst case scenario of a very rare but deadly disease. Some of the images 

and stories that have made their way into mainstream public consciousness may be 

contributing to that. 

For some patients their construction of what meningitis was, came from personal experience 

rather than the media. Some had had meningitis themselves previously or knew friends or 

family who had.  

Figure 5.2 The Glass Test for diagnosing meningococcal septicaemia (reproduced with 

permission from Meningitis Now) 
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“my aunty and uncle 2 of their children have had meningitis, one had 

septicaemia and the other had viral meningitis, when they were younger” 

(Jane, 41, warden, meningitis of unknown aetiology) 

“Yes, well two of my grandchildren have had the other one [type of 

meningitis]. They were both lucky nothing, you wouldn't think that... they 

were really lucky…..One….he is 6 now he was 10 months old, he ended up in 

Stoke hospital, vented and everything.  And my other granddaughter she was 

6, and she is 16 now so that was 10 years ago, yes and she is alright.... they 

were both really lucky”. (Brenda, 59, retired nurse, meningitis of unknown 

aetiology) 

All participants had an idea, or a construction, of what meningitis was prior to experiencing 

or dealing with it themselves. This might be formed from media or public messages or it 

might be formed by previous experience. Either way this ‘knowledge’ could play in important 

part in how the patients might interpret and understand their diagnosis and also how 

physicians investigate.  

It is clear that having a label is important for various reasons but as Jutel says in her seminal 

book on the sociology of diagnosis “classification provides a foundation for the recognition 

and study of illness…..yet little is revealed about how these classifications are produced”.184 

To understand how the label is arrived at, or not, we need to examine the process of 

diagnosis. 

5.4.2 The process of diagnosis 

The process of reaching the diagnostic label is often as important as the label itself and this 

theme was one of the largest uncovered in the interviews. Mildred Blaxter initially used the 

example of alcoholism in the 1970s to describe diagnosis as both a category and a process.180 

Some 30 years later Blaxter draws on her own personal experiences of being diagnosed with 

cancer to document the process of diagnosis.267 She describes how technology, and in 

particular, images sometimes become more authoritative than the patient themselves.  
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Much of the work written about the diagnostic process in the social science literature refers 

to chronic conditions such as cancer or mental illness.195,196 The process of diagnosis has been 

described as happening in the background with little awareness of the patient.267,268 In these 

cases there are often multiple encounters between patient and medical staff. The process of 

diagnosis in acutely unwell patients, who may not be able to play as active a role, has not 

been fully explored.  

The diagnostic process in acute diseases is just as social as those chronic illnesses but may 

follow a different trajectory. In acute medical emergencies, such as meningitis, information 

may need to be assimilated rapidly, and often without input from the patient as they may be 

too unwell to articulate their symptoms. In cases of potentially life threatening disease, 

treatment may need to be started before the diagnosis is clear. For example in meningitis, 

and other forms of severe infection, it is recommended to give antibiotics within an hour 

after the diagnosis is suspected.228,229,269  It is often difficult to get all diagnostic investigations 

done within that time frame and treatment is often given before a diagnosis is made. 

5.4.2.1 Distributive diagnosis 
Shared decision making is commonplace in Western medicine and is part of the NHS 

constitution in the UK.270,271 Whilst shared decision making largely refers to treatment 

options it could also be applied to diagnosis and diagnostic options. Rapley discusses the fact 

the decision making is rarely only a two person act and goes beyond being shared between 

the physician and the patient, but is distributed amongst both human and non-human actors, 

he states that “decision making is initiated, sustained and transformed over a range of 

encounters with both people and technologies”.272 Goodwin also comments on how 

diagnosis is a collaborative process.273,274 This collaboration is between people but also 

between people and technologies. Büscher states that ‘people work collaboratively, using 

technologies to produce diagnoses. However, rarely are these ‘technologies’ in and of 

themselves diagnostic’.251 However, most of the previous theoretical and empirical research 
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is done with reference to chronic or outpatient conditions. Sharing or distributing the 

decision making has different challenges when one is faced with a potential medical 

emergency. One study looked at patients’ views on being involved in diagnostic decisions in 

acute situations. They found that the patients would like to be informed but that the doctor 

should make the decision.275  

Figure 5.3 shows the nature of distributive diagnosis in meningitis. The non-human actors are 

such things as local guidelines and policies. As can be seen the route to a definitive diagnosis 

for the patient is a complex one with many hurdles to navigate and many different actors 

involved.  
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Figure 5.3 Distributive Diagnosis of meningitis – the many actors involved in making a diagnosis in cases of meningitis. 
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The first stage for the patient is the recognition that they are unwell enough to seek 

someone’s help. With a disease like viral meningitis it is likely that many patients never seek 

medical help and what we see in hospital is only the tip of the iceberg. There is no way of 

knowing how much of the iceberg is still underwater and how much of it is visible. 

Recognising the need to seek medical help and actually accessing medical help may depend 

on one’s peers. For example, if the patient’s partner is encouraging them to go to the doctors 

or not. For James, a 26 year old engineer, his girlfriend was key in him accessing medical help. 

When asked if he would have sought medical help if his girlfriend was not there he 

responded: 

“…it would have been interesting to see what I would have done Monday 

morning, so by Monday I think, yes it must have been early because I was 

waiting for I think probably by 8 o'clock in the morning I had probably 

vomited erm... 2 or 3 times….it was horrible, I hated it….as for going to the 

hospital for myself I don't know.  Maybe I would have attempted work on 

the Monday and then well who knows what would have happened after 

that.... I think it's probably a 50:50 maybe I would have just stayed I would 

have called in sick and stayed at home” (James, 26 year old, engineer, 

enteroviral meningitis). 

 

He had been ill all weekend with a fever, headache and vomiting – however, had he been on 

his own, he was still considering going into work. After making the decision to go to hospital, 

James was seen rapidly at a walk in centre, then sent by ambulance to hospital – indicating 

the urgency that the medical staff put on the illness – quite different to James’ view of things.  

Once in hospital the patient’s diagnostic journey is dependent on the emergency doctor first 

thinking of meningitis as a possibility and secondly instigating the appropriate investigations 

and management in a timely fashion. David, a 31 year plasterer, who was eventually 

diagnosed with encephalitis rather than meningitis, illustrates how not having access to a 

diagnosis delayed his eventual diagnosis – which in encephalitis could have had much more 
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disastrous consequencesf. He was initially seen in his local hospital where the attending 

doctor suspected meningitis and proposed performing an LP. However, David had a fear of 

needles and so refused – as a result he was discharged home. Within a few hours David was 

vomiting profusely and very confused. He was readmitted to hospital where he eventually 

did have an LP and received three weeks of intravenous antivirals. 

Doctor-patient relationship 

Following the decision to seek medical help the next relationship that comes into play is that 

between the patient and healthcare staff. Although there are many different healthcare 

workers involved in the diagnostic process I have focused on the doctors in this piece of work. 

However, I freely acknowledge that without understanding the relationships between 

patients and other professionals, as well as between professionals, a full analysis of the 

distributed nature of the diagnostic process has not been as completely explored as it might 

be. The doctor is reliant on a history from the patient. That history may be better or worse 

depending on how the doctor is perceived by the patient or indeed on previous experiences 

of the patient. Communication and information sharing – in both directions – is hugely 

important to the diagnostic process and was another significant area of discussion within the 

interviews, especially for the patients. 

Communication and information sharing 

It became apparent through my interviews that a lot of the information given to patients by 

medical staff was not retained. This may be related to the disease itself affecting the 

memory, or potentially secondary to the stress of being ill which can affect learning and 

recall. It may also be that no information was given, or the quality of that information was 

poor. One thing that was mentioned that would be helpful was the use of an information 

sheet to give to patients about meningitis. This could be given to the patient at any point in 

                                                           
f Encephalitis is inflammation of the brain parenchyma itself which has a mortality rate in excess of 
10%, even with treatment. Significant numbers of patients will be left with disabling sequelae. 
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their admission and then they would have it to refer to later on when they had questions. 

Many of the questions that patients have occur when they are feeling better at home, an 

information sheet to review might help in answering some of those questions.  

One evidence synthesis of communication interventions has suggested that when physicians 

are given some high intensity training in communication skills this results in greater patient-

centred communication as well as a better grasp of the patients’ concerns.276 Those doctors 

that received an intervention to improve communication also gave more information to 

patients about prognosis, diagnosis and treatment. The most common intervention used in 

this review was written information. Interestingly in the 21 studies included none looked at 

the patient’s understanding and comprehension of the information given by the physician.  

Another area of communication and information was the use of the internet – from the 

patients’ and their relatives’ perspectives. On talking to a patient before starting the formal 

interviews it was clear that she had been using her smartphone whilst an inpatient in the 

hospital to look up information. Jane, a 41 year old warden with an unknown cause of 

meningitis talked about her husband going home and looking things up on the internet and 

then coming back and giving her the information, again whilst she was still an inpatient. 

Rachel’s opinion was that the doctors did not really know very much and that the internet 

was a better source of information.  

“I think I Googled and found out more on Google really if I am honest…. the 

NHS website tended to know more than the doctors in the hospital, so I got 

more information off that.” (Rachel, 28 year old catering assistant, second 

episode of meningitis, unknown aetiology) 

 

It seems that there is a desire for more information from the patients. The internet is 

commonly used by patients to supplement any information given in the hospital. Pointers 

from healthcare workers to useful websites, possibly in written format might be beneficial.  
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Clinicians may often be wary of patients using the internet to research their conditions, 

concerned that there may be much misleading information on the web. However, this 

concern may be unfounded. Others have found that there is very little evidence of harm, 

either physical or emotional, from patients using the internet to augment the clinical 

encounter277. The internet is used for various reasons and the differentiation between 

information seeking and support is difficult to separate278. It is also often used to find others 

who have suffered the same illness or as a way to raise awareness of the disease. This is seen 

in this study as Heather, became part of the study after contacting the support organisation, 

the Meningitis Research Foundation, and asking if there was any research she could take part 

in. 

 

Following the lumbar puncture much of the diagnostic process is then out of the hands of 

the patient and into the hands of the medical team. For example the correct diagnostic tests 

need to be requested by the doctor looking after the patient and performed by the 

laboratory. Those results then need to be relayed back to the ward doctor and then in turn 

to the patient in order for the patient to know their diagnosis. That process can take some 

time and often the patient will have been discharged home before the results are available 

and it may not occur to the ward doctor, or the GP, to let the patient know what the findings 

were. As can been seen, many different people are involved in establishing and imparting 

the diagnosis. But it is not each individual on their own that leads to the outcome but the 

relationship between the different actors. No one player can do it on their own. Therefore, 

next I consider some of these specific relationships especially those between different 

doctors and how that might influence the diagnostic process.  

Doctor-doctor relationships 

A diagnosis is usually the result of a social and negotiated encounter between a patient (or 

person experiencing an illness) and a doctor. Although the role of diagnostician has 
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traditionally fell to the physician in recent years this has been expanded to other health care 

professionals and even to non-human technologies such as smart phones.279 There is also a 

role for lay diagnosis but in this context I am referring to a clinical, aetiological diagnosis. As 

already outlined, the patient (or carer) must seek medical help and explain the symptoms to 

the doctor. The doctor may need clarification from the patient and a relationship is formed 

– often over several encounters.280 The roles of both doctor and patient had been 

traditionally described by Parsons in his study of a social system.261 In his description the 

doctor has a powerful, authoritative role but the patient has a submissive, almost obedient 

role. In recent years this relationship has changed significantly. Although there is probably 

still an unequal nature to the relationship the patient has become more of an expert and the 

physician more responsive to the patient’s wishes. Nettleton describes this change as partly 

due to the increase in chronic, non-curative, conditions for which the patient has to take 

responsibility as the physician is unable to heal, and partly due to the rise of readily available 

information on the internet.281  Although the doctor-patient relationship has been frequently 

explored, as has the nature of collaborative diagnosis, the specific aspect of how professional 

relationships between doctors contribute to diagnosis has not. As I referred to in the 

diagnostic journey, there are many different actors who contribute to the eventual diagnosis 

(or not) in cases of suspected meningitis. For example, the patient and their relatives, the 

general practitioner, (if they are involved), then often an emergency doctor, acute medicine 

doctors, a specialist doctor (who may or may not be involved), a microbiologist, a biomedical 

scientist who is working in the microbiology laboratory, a porter who has to take the sample 

from the ward to the laboratory to name some of them.  

The relationships between doctors can be broadly separated into those between specialties, 

for example, emergency doctors and the ward doctors or between the ward doctors and the 

infection specialists such as microbiologists or infectious diseases specialists or those 

relationships within the specialities that is, between junior and senior colleagues. 
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Between specialty doctor-doctor relationship 

The initial doctor-doctor relationship that comes into play is that of the ward doctor – often 

based on an acute medicine ward and the referring doctor – either a GP or an emergency 

department doctor. From the accident and emergency doctor’s point of view he described   

their role as primarily aimed at immediate treatment and not diagnosis: 

“our role is more like a supportive for the patients, make sure that they 

don’t die, erm… before getting into a definitive diagnosis well we don’t 

have the luxury, we don’t have much time…….no we don’t have the luxury 

of erm… erm… doing anything apart from just the primary things 

supporting the patient, make sure that they don’t die, fluids, antibiotics, 

whatever erm…” (Joseph, ST3, accident and emergency). 

 

The fact that A and E might instigate treatment can be reassuring for the ward doctor, 

although it may reduce the chance of diagnosis.  If the patient is coming straight in from 

general practice there may be more concern. 

“I think the ones I am more concerned about are the ones that come in 

from the community the GP has referred in to medicine and you know 

someone has taken the call about the patient and with GP referrals you 

never know what you are really getting until they arrive. It could be 

something really serious, or it can be something not so bad, so they are 

the ones for me, that if the GPs are on I am querying meningitis, and they 

just sort of send them in, they are the ones that you want to see fairly 

quickly, (Jo, gastroenterology ST3)”. 

 

Here Jo is describing the uncertainty associated with receiving a referral from the 

community. Someone else has taken the call and so all she has to go on is that a GP has 

queried meningitis. Conversely it may stand to reason that she would be more reassured if a 

patient is referred from accident and emergency, possibly, as the doctors in the ED will have 

performed the initial assessment and, potentially, treatment, that in this case will fall to her.  



156 
 

One of the other main relationships in the diagnostic process is that between the ward 

doctor who looks after the patients, requesting the diagnostic tests and the microbiologist 

who determines which microbiological tests are done and can offer advice on the 

management of the patient. The one microbiologist that I interviewed was a senior 

microbiology registrar and she said that they largely only became involved in the care of the 

patient after the LP has been done and the CSF been sent. She goes on to talk about the role 

of the microbiologist. 

“I think the patient deserves to have an infection specialist involved in their 

care whether that be infectious diseases or microbiologist….. the role of 

the microbiologist I think is to make the diagnosis provide the information 

about susceptibility, etc. there is probably a role of microbiology 

department in surveillance, and monitoring” (Catherine, microbiology 

specialty registrar).  

 
Generally, from the point of view of the ward doctors, the microbiologists were also seen as 

an essential part of the diagnostic process. Eva, who came from, and did her undergraduate 

training in Europe (outside of the UK), had this to say: 

“We [the ward doctors] do the LP and then they [the microbiologists] 

analyse the CSF and they test the CSF, probably it is the most important 

part of the whole process. We do the LP we have to do it like aseptic and 

everything and then we give them to them just to test it.  Yes, they have to 

test it and do all the tests that we ask.  It is just routine everybody does 

their role but I mean, I think it is the most important they do, they test the 

CSF and they give us an answer if they don’t give us a right answer they 

give us false result or something then we would treat based on those 

results” (Eva, FY2, neurology).  

 

This highlights the role of the microbiologist but again seems to put the emphasis on their 

role after the LP has been performed, consistent with what Catherine mentioned earlier. This 

limits the input the infection specialist can have on guiding what investigations to request 
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until after the LP has been performed. As a microbiologist myself I agree that medical staff 

largely contact for advice regarding management of patients and not, primarily, for 

information on which investigations to perform. This is perhaps an area that can be 

improved. If we want to improve the rate of aetiological diagnosis then, as microbiologists, 

we need to be more proactive rather than reactive. 

The value of the specialty doctor was also seen from the patient’s point of view. This was 

most marked with Peter, who was interviewed with his wife, Angie. This was Peter’s second 

episode of meningitis. I know from my clinical data that Peter had HSV-2 meningitis, however 

this was clearly not apparent to him or his wife – although a lot of what they said suggested 

to me they might have been told it at the time but perhaps forgotten or perhaps never 

actually told a name. Peter was admitted to a district general hospital that does not have a 

resident infectious diseases specialist but is visited by one occasionally. Peter describes the 

difference between the infectious diseases specialist and the consultant that he is under as 

well as the junior doctor on the ward. 

Peter: she asked to see this other fella to come and see me but he didn't 

come till the afternoon and that is when they special erm... diseases fella 

came and like you know, they had a quick chat, he looked at my paperwork 

and then within an hour I was having the lumbar puncture done, and as 

soon as it were done I said, he said how do you feel I said I feel great I said 

I knew I would….. 

when he [the specialist] said oh yes, yes, of course you can [get it twice] 

he said then he said it's not bacterial it's viral, he did explain to like both 

of us that it is in your spinal fluid and I went oh right fair enough….He put 

my mind at rest. 

 

Angie: He cleared his mind and he stopped him worrying and if someone 

can do that, when you are diagnosed with it, to stop you worrying about 

it and to stop you thinking you have got to do this, this and this, sit down 

and say look, this is what it is, you will always have it, from what he said 

erm... and that you know it is just like having a virus like a cold or 
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something it is just going to happen, you can't give it to anybody else, just 

to ease your mind a bit really and stop you worrying it would be helpful. 

 

Peter: Because like the first guy the old guy was I don't think you can have 

it twice, the young lady who came in, she was just like honestly I don't 

know, she didn't know, well you know I felt well fair enough you know she 

doesn't know, but he was so adamant that you couldn't have it twice, but 

this guy was in late 50s, 60s and I thought well he has been a doctor for a 

long time, obviously he knows what he is talking about poor girl didn't 

know what she was quite, because she has got to learn everything I 

thought well, she has probably come across this once or twice she would 

have to look up on it and then infectious disease guy came in and he was 

brilliant, he said yes, yes... 

(Peter, 51 year old, engineer, recurrent HSV-2 meningitis and his wife 

Angie) 

 

It is clear from this quote the value and respect that Peter and his wife placed on the 

specialist. He was the one that came in and sorted everything. He got the LP done which 

not only enabled the diagnosis but also provided symptomatic relief for Peter. He also 

provided a great deal of reassurance for Peter and his wife. 

 

Within speciality doctor-doctor relationships 

This area is where the junior doctor seems to gain most of their experience and knowledge. 

It is the registrar that supervises and teaches the lumbar puncture, the registrar that 

recommends what tests to be requested and often the registrar that guides the treatment. 

Emma, who was a foundation doctor working in acute medicine at the time commented on 

how much she relied on her seniors for all of the above and this was reflected throughout 

many of the interviews with the more junior members of staff. For the more senior members 

of staff they talked about their relationships with other consultants and how their colleagues 
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might do things differently. Lots of people described the fact that they knew what tests to 

request was because of the influence of senior colleagues previously or ‘word of mouth’. 

“Genuinely I think it's just from when you are a junior doctor and your 

senior does it and you say to them what tests are you sending off for 

((laughs)) and it's literally word of mouth.... it is not something I have 

learnt at university or for membership exams or anything it's just yes..., it 

is stuff that you don't learn until you are actually working.” (Clare, ST3 

Elderly Care) 

 
This highlights the importance of experiential learning for doctors. It is what they learn on 

the job that really determines their future practice. Part of the experiential learning is a move 

from textbook learning to tacit knowledge.  

5.4.2.2 Sources of a doctor’s knowledge 
The experiential learning described above is one of the main sources of a doctor’s 

knowledge and how they come to learn the practices they do. From the first year at medical 

school to an experienced consultant, doctors are always learning. The interviews revealed 

a variety of ways in which the doctors learnt how to manage patients with suspected 

meningitis. These included experiential learning, book knowledge, peer to peer learning, 

use of online resources, knowledge from medical school, local teaching sessions, learning 

from mistakes and feedback. The way in which they learn changes throughout those years. 

Initially it may be more didactic and book work but as they become more exposed to clinical 

practice the learning environment turns more into experiential learning or situational 

learning. The doctors I interviewed overwhelmingly stated their knowledge regarding how 

to manage and investigate a patient with suspected meningitis came from ‘on the job’ 

experience.  

 “I know for sure that erm... when I do say pleural aspiration the only 

reason I know what to send for is because I did a respiratory job and they 

said you send for this, this and this and then you look up why you are 

sending it for those things and you work out why, I suppose an LP is a bit 
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more, it's a bit more obvious why you are sending certain things erm... but 

yes it is literally just word of mouth it is not something I have learnt at 

university or for membership exams or anything it's just yes...” (Clare, ST3, 

Elderly Care). 

 

Reflecting the change in learning styles as medical staff progress through the ranks, Ciara, 

a first year junior doctor, describes learning what to do from a combination of books and 

experience. 

“I: where does your knowledge come from about what is a classical for 

meningitis?  

R: I guess books and the typical patient that you see that does actually 

have meningitis you kind of just pick it up…” (Ciara, FY1, Infectious 

Diseases) 

 

Jo, a more senior doctor also reflects on the mixture of learning methods but this time she 

refers to peer learning first and book learning second. This may reflect a recognition that 

more learning came from experience than formal learning. It may also be a reflection of less 

time for formal reading.  

“I think certainly when I was more junior you sort of saw what your peers 

did and sort of followed suit, oh is that how you manage it you know you 

do a little bit of reading in the Oxford Handbook,” (Jo, ST3, 

Gastroenterology) 

 
Lave and Wenger describe experiential learning in their book ‘Situated learning: legitimate 

peripheral participation’.282 Using examples from varying professions, including midwives 

and naval quartermasters, they explore the different ways in which individuals learn their 

skills from others, already experienced in that particular skill. The individuals concerned 

move from peripheral participation where they might be merely observing, through 

performing some of the more menial tasks and finally into full participation where they are 

fully versed in their particular vocation or skill. In their described study of US quartermasters 
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the importance of having legitimate access to what is to be learned is stressed. This is echoed 

in my interviews where Emma talks about the lack of opportunities to learn and observe the 

specific task of performing an LP.  

I: “I find it so difficult to practice doing lumbar punctures.  I mean our MAU 

here is particularly busy, we have double the number of patients come 

through the doors than we do beds, and the staff pressure is always really 

high…..  

 

R: And is it the same for all presumably it is the same for all F1s, F2s? 

 

I: Yes I mean, I to be honest I don’t know many of my colleagues who have 

actually had a go at doing LPs.  I am actually lucky that I have tried 2, and 

that is the only time. I think it depends how many people are on, what the 

day is like. All the seniors are very willing to help us it is actually the people 

sort of higher up who say no we need you clerking and everything but 

when, but I have very willing seniors who will happily supervise me if they 

get the chance if it is not too busy.” (Emma, FY2, Acute Medicine) 

 

The quartermasters, in Lave and Wenger’s analysis, are also described as having to learn their 

tasks ‘either alone when at sea or in collaborative work when moving into harbours’. This 

seems analogous to foundation year one doctors who have periods of learning with others 

but also will have to learn ‘alone’ at night or at weekends. As with the quartermasters doctors 

are given a year where the basics of their trade is learnt – this is the pre-registration year. 

In the exploration of various different types of community learning Lave and Wenger state 

that within legitimate peripheral participation there is in fact very little teaching but much 

learning, with the community in which the learner is situated providing the curriculum, ‘a 

learning curriculum unfolds in opportunities for engagement in practice’282. 

With reference to medical staff experiential learning has been increasingly recognised as an 

important part of continuing education. Despite this there have been suggestions from some 

that there might be reduced opportunities for experiential learning283, with limited 
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subsequent development of competence in practical procedures, although there are also 

conflicting studies. The lack of opportunity is highlighted in Emma’s comments about 

minimal time for learning about practical procedures. Although, this was not a focus of my 

interviews and as such I don’t have information from the more senior doctors to address 

whether they feel they had more opportunities when they were juniors. Having less 

experiential learning is not necessarily a bad thing if the doctor is still competent, and might 

in fact lead to a better work-life balance. Perhaps the procedures that previously were 

required and desired by all doctors are now the domain of specialists, for example, the ability 

to place central venous lines was previously a requirement of all medical trainees. However, 

now there might be an increasing acceptance that it is best left to those who do those 

procedures regularly – such as anaesthetists. Chest drains, again used to be routine 

procedures, are now required to be performed by radiologists or experienced chest 

physicians. Perhaps lumbar punctures will be the same.  

Much of the experiential learning I have described above reflects learning from seniors and 

more experienced doctors. However, one also learns from situations and the experiences 

themselves. Jessica had previously had a very bad experience of a patient with tuberculous 

meningitis and brain abscesses who had developed brain shift and later died. This was 

reflected in her desire to always have neurological imaging before performing a lumbar 

puncture. 

“I don't know, I always want a CT before I LP I just think, I just want to in 

my own mind because there is always, if they are vomiting, they have 

got a headache they are a bit irritable and they are all sort of soft signs 

aren't they, and I think I want to be sure that there is no signs of raised 

intracranial pressure on the scan and I know they say oh you know erm... 

you can't always rule out raised, absolute  I don't know it is a comfort 

thing I suppose”. (Jessica, consultant, acute medicine) 
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How much of this experience weighed on her opinions is unknown but it is in stark contrast 

to one of her own colleagues who had the following to say about performing CT scans.  

 

“Biggest bug bear is this CT first and then if I could somehow just get 

them to just have the confidence to just do the lumbar puncture, and not 

faff around it is easy to write senior review, it is the easiest thing in the 

world, and not only are you delegating, or dumping the responsibility but 

ok we should have responsibility as consultants but why didn’t you just 

do the lumbar puncture, ok it is a busy night, reg is in resus and (the 

hospital) is quite mental at the best of times, ok we can delay it for the 

morning but they have come in on a Saturday afternoon, and I am 

picking things up on a Monday it is like just do it, just do it, we would 

have had the results by now we would have had a chat with ID, and 

would be on the right treatment, it just delays things, and causes harm. 

That is the biggest, just stick the needle in.” (George, consultant, acute 

medicine) 

 

I can only speculate on why these two consultants, who work in the same department, have 

such opposing opinions. I think Jessica’s bad personal experience probably plays a part. 

Perhaps also the way both George and Jessica had been taught may also be influencing them, 

or it may be down to differences in personalities with Jessica being slightly more hesitant 

and George somewhat more ‘gung ho’.  

In terms of the pursuance of a diagnosis the quote earlier from Richard shows, perhaps, how 

working in a specific unit may influence your practice. He stated that while he was working 

in the infectious diseases department, even though he was a GP trainee, he learnt more 

about ‘chasing a diagnosis’. 

As well as books and experiential learning some doctors also talked about using online 

resources, such as up to date, although much less than the patients (see later). Perhaps this 

is a reluctance to accept that information on the internet is as valid as other information, or 
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it could be that it is so routine medical staff don’t even think to mention it. The use of smart 

phone applications to support clinical practice is widespread although some have concerns 

that using them in front of colleagues or patients may be seen as rude or lazy284.  

Many doctors spoke of local guidelines which might help direct the initial, immediate stage 

of management and diagnosis – before the microbiologist might become involved. However, 

these often only gave guidance on treatment and not necessarily what diagnostic 

investigations to do. 

5.4.2.3 Perseverance of diagnosis 
One of the novel aspects to my work was the nature of how a diagnosis perseveres – either 

for the patient or the doctor. This might be the correct diagnosis, or more often than not 

other, distracting diagnoses. This includes the perseverance of initial differential diagnoses 

by patients, the perpetuation of diagnoses suggested by previous medical staff and the ‘un-

refinement’ of an initial diagnosis, for example leaving the diagnosis at ‘meningitis’ or ‘viral 

meningitis’ and not attempting to confirm the specific aetiology. The perseverance of an 

incorrect or partial diagnosis, whether that be through a misunderstanding of a differential 

diagnosis, a distraction from previously suggested diagnoses or by not pursuing an 

aetiological diagnosis, resulted in delayed diagnoses or no specific diagnosis at all. 

Differential diagnosis seen from a patient’s viewpoint 

A key part of the diagnostic process for doctors is forming differential diagnoses followed by 

investigations to confirm or refute those differentials. The concept of differential diagnosis 

is not one that would be familiar to most patients and may contribute to the patient’s 

uncertainty.  

Elizabeth’s diagnostic journey is an exemplar of this issue. Elizabeth first sought medical help 

on a Wednesday with symptoms of a urinary tract infection for which she had gone to the 

out-of-hours doctor. A urine sample was taken, sent for diagnostics (culture) and antibiotics 

were started. On the Friday afternoon Elizabeth then became unwell with flu- like symptoms 
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and was admitted to hospital. She had a lumbar puncture performed during Friday night, but 

before Elizabeth had been told the results of it, on the Saturday, the doctor told Elizabeth 

that she had ‘urinary sepsis’. On the Sunday, Elizabeth overheard the nurses saying she had 

a diagnosis of meningitis. Then on the Monday, a  consultant told Elizabeth she had a ‘chest 

infection’ – so at this point in her diagnostic journey, Elizabeth  had been told she had a urine 

infection, meningitis and a respiratory infection. When Elizabeth got home and read her 

discharge letter she was somewhat confused as there was no mention of the chest or urine 

infections. It is possible that both chest and urine infections were being considered in the 

differential at some point, however, it is likely that, due to the abnormal lumbar puncture 

results the definitive diagnosis was meningitis.  Although, it might be obvious to doctors that 

the other two potential diagnoses had been ruled out, this process does not seem to have 

been made clear or understood by Elizabeth.  

“when I came home my discharge sheet was completely incorrect….it didn't 

say anything about my chest infection… “(Elizabeth, 59, retired magistrate, 

meningitis of unknown aetiology). 

 
Elizabeth had a particularly bad time in hospital with regards communication and as a result 

was putting in a complaint – although her experiences might highlight an extreme end I do 

not think it is uncommon for medical staff to not explain things as well as they could do to 

their patients. It also emphasises that many patients do not have a voice and would not be 

as vocal as Elizabeth in highlighting her very valid concerns. 

Elizabeth gave me a copy of her own notes that she had made on her experience as an 

inpatient, here is a flavour of her admission: 

“On Saturday I was visited by a consultant. I don’t know who he was. He was 

with me a very short time and didn’t really interact. He said simply that I had 

urinary sepsis….they didn’t have the results of the lumbar puncture yet” 
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In the early hours of the Monday morning Elizabeth is woken and asked to move rooms as 

her single room is needed for a male patient –  

 

“She [the bed manager] apologised profusely and said the bed was needed 

for a male and that now they knew that I had viral meningitis I could go to a 

ward. (This was the first I knew that I had been diagnosed with viral 

meningitis)” 

“On Monday morning….there was a cursory knock on the door and in walked 

three people. It wasn’t hard for me to surmise by their bearing that one was 

a senior doctor and the other two were junior colleagues. The older man 

simply said to me, and I quote accurately, “get on the bed.”….”I said who are 

you?”….and he replied “I’ll tell you when you are on the bed.”….. [he] said 

that I had a chest infection and that I could go home…..” (Elizabeth, 59, 

retired magistrate, meningitis of unknown aetiology (notes from her own 

account of her admission)). 

 

The process of differential diagnosis is essential to making a diagnosis and is taught early on 

in medical school. However, very little has been written in the literature about how patients 

experience this process. The experience above highlights the importance of keeping the 

patient informed of what are ‘possible’ diagnoses and what are ‘probable’ and what are 

‘definitive’ diagnoses. Whilst this is only one patient it does delineate the patient’s journey 

of her illness from the initial contact with community healthcare right through to diagnosis 

and beyond. Price and Walker describe the diagnostic journey of patients who were 

ultimately diagnosed with lupus285. The process of differential diagnosis is seen in this study 

with patients going through a range of suggested diagnoses, such as, Guillain Barre 

syndrome, stroke, multiple sclerosis, chronic fatigue syndrome, migraine, seizures, 

depression and alcoholism before being ultimately diagnosed with lupus. My example of 

multiple suggested diagnoses in a case of presumed viral meningitis represents a similar 

process but in a much more condensed timescale, and less differentials. The patients with 

lupus took, on average, seven years to attain a diagnostic label (compared with only a 
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number of days in the cases of meningitis). Nettleton describes an embodied doubt191 

surrounding a diagnosis of medically unexplained symptoms, this Price and Walker suggest, 

is the ‘confluence of symptomatic, physical, clinical and technological uncertainty that 

explains both the time it can take to generate a diagnosis and the changed and changing 

nature of the diagnostic process itself’ (emphasis mine). Frankel illustrates how if the 

patient’s initial concerns are not addressed it can result in a lack of agreement between the 

understood diagnosis by the patient and the intended diagnosis from the physician260. 260 

Perpetuation of an initial diagnosis    

Another area where certain diagnoses were seen to persevere was when one medical 

professional suggested a potential diagnosis which was then perpetuated, despite evidence 

to the contrary, and often against the judgement of subsequent doctors.  Jessica, who was a 

relatively junior consultant alluded to this: 

“Erm... I don't know really. I mean one of the things I think about is, 

unfortunately anybody that comes in with a tiny bit of a headache and a 

tiny bit of myalgic pain often gets labelled in A&E as query meningitis, and 

they are all started down the pathway and everyone jumps on the 

bandwagon, and it is very difficult to try and retract from that erm... you 

are sort of committed” (Jessica, consultant in acute medicine) 

 
One of her more senior colleagues seemed much happier to not proceed – although this 

was more because he did not see the need for identifying viral pathogens in cases of viral 

meningitis. So, if he thought a patient had viral meningitis he would not go ahead with the 

lumbar puncture, this seemed to stem from a ‘fear’ of the patient getting a post-LP 

headache. 

 
“I was brought up with the old Occam’s Razor, go for the most likely 

diagnosis a lot of my junior colleagues, god love ‘em are making sure that 

they don’t miss anything no matter how unlikely it is and God I understand 

that, but I suppose I am comfortable in my own diagnostic skill he says 
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with that arrogance that will be proved wrong the next time we get a 

query meningitis comes in. Erm… but I am comfortable to live with 

uncertainty, yes”. (Dave, consultant acute medicine) 

 
There are several reasons for a doctor to perpetuate a diagnosis that originated from other 

doctors. They might agree with the initial diagnosis or it might be that once someone has 

suggested something it is often difficult to think of an alternative, such as the ‘bandwagon’ 

described by Jessica earlier. Another reason is that potentially the doctor on the ward might 

be more junior and does not want to contradict a senior colleague in A and E who may have 

seen many more cases of meningitis than they have – an example of the influence of 

experiential learning. Finally, the perpetuation of diagnosis may happen because the 

diagnostic label has been given to the patient.   

“That gets difficult then because they [the patient] have, they have been 

ready for this lumbar puncture they have got a diagnosis, they have 

already rung round 10 relatives to say oh I have got meningitis, and then 

you go and tell them actually I think it is this and certainly if they have been 

seen by someone in A&E who is older or you know they will, they will often 

you know will believe the first thing that they get told and I think that is 

very difficult actually” (Emma, female FY2, acute medicine) 

Although there is probably some exaggeration in this account from Emma there is evidence 

that doctors may be influenced by patients’ expectations262. For example general 

practitioners (and probably other doctors) may be influenced to prescribe antibiotics 

because that is what the patient is expecting286,287. Doctors may be more likely to resuscitate 

a patient or admit to intensive care if that is what the patient wants, even if it is contradictory 

to what they believe to be the correct course of action288. This is not necessarily a bad thing 

because, if the patient feels their wishes and desires have been listened to this may provide 

more reassurance and greater compliance with treatment.  
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One doctor did suggest that if more senior doctors were involved in A and E during the initial 

diagnostic making process this might help to define the diagnosis earlier. 

“a lot of the doctors in A&E are quite junior, you know they might not have 

an interest in infections or in medicine specifically they might be working 

in there but actually they prefer orthopaedics..… and perhaps…the juniors 

who clerk in the patient getting seniors involved a bit more earlier and 

saying well actually I am not sure if this is a meningitis what do you think, 

come down and see them in A&E as opposed to them getting to the ward 

because there is definitely I think once they are on the conveyor belt it is 

very difficult to jump off.”  (Rebecca, ST3, infectious diseases). 

Emma and Rebecca’s experiences highlight different ways in which an initial diagnosis can 

stick, either because the patient has been told this is a possibility or perhaps because of the 

junior nature of emergency doctors. However, there is also an acknowledgement that a 

diagnosis made in the emergency department is not always made under the best 

circumstances, for example doctors are often junior, there is a reluctance to call in senior 

help and there are time pressures to get the patient out of A and E and either discharged 

home, or admitted to a ward. 

Goodwin describes an example where a surgeon described a patient as ‘just an appendix’ – 

that is, a straight forward case of appendicitis. This potentially meant that the anaesthetist 

did not review the patient as thoroughly as he might have and actually the patient had 

septicaemia and was a much more complex case than ‘just an appendix’.273 This correlates 

with my description of the ‘perseverance of diagnosis’. Often a patient will come in from the 

general practitioner or accident and emergency with a diagnosis of ‘query meningitis’. 

However, it must be remembered that the priority for accident and emergency is different 

to that of the physician. The priority for ED is to treat any life threatening conditions and 

determine whether the patient can be safely discharged or needs admission. The priority for 

the physician is to drill down to get the diagnosis, this can be difficult with the distraction of 
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the preceding medical opinions. One doctor I spoke to said, because of this problem, she 

deliberately tried to not look at the information that came from ED but tried to take a fresh 

look so she could make up her own mind what was wrong with the patient.  

“No I mean I personally would always go on what I have seen. In fact, I 

often won’t look at the A&E GAD [General Admission Document] until I 

have seen the patient myself, because I think it is really easy if you are 

not sure, to get swayed by what the A&E have said so normally actually 

I don’t look at the A&E GAD…” (Emma, FY2 Acute Medicine) 

 
Georg Simmel, a 19th century sociologist said that a person’s individuality increased as their 

social circle expands.172 The more junior a doctor the more limited their ‘social circle’ in terms 

of medical colleagues and they are much more likely to just go with the flow. However, as 

they gain experience and proceed up the ranks they are probably much more likely to be 

able to form their own opinions and be able to stop that perseverance of diagnosis and make 

informed decisions themselves.  

We also see things through different perspectives or ‘lenses’ at different point in our lives. 

How we respond to patients with certain symptoms may be different to how we respond to 

ourselves or friends and family with the same symptoms. For example, within the doctor-

patient relationship we are constrained by economic considerations, we may view things 

through the lens of our seniors – if we know a certain consultant will want certain 

investigations we perform them, whereas we might not do the same tests otherwise, and 

crucially, we view patients and their symptoms through the lens of experience. Such 

explanations, may go some way to explaining the difference between the number of doctors 

who said ‘if it were me I would want to know’ – that is viewing it through the personal lens 

of curiosity and an inquisitive mind – and the fact that many doctors do not ‘thoroughly’ 

investigate patients with the same degree of enquiry. It is not them that are suffering the 
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headaches and the subtle memory loss, therefore it is seen as a ‘benign self-limiting 

condition’.   

Some resonance for such an argument can be found in the work of Fleck who talked about 

‘thought collectives’ in which our thoughts are influenced by those around us, with further 

confirmation by  Zerubavel  who stated “the cognitive stances we adopt as members of 

particular social environments….constrain our mental ‘vision’ by exerting upon us 

tremendous pressure to conform”.289,290 These comments on conforming to the thoughts and 

ideas of our social surroundings may also explain the phenomenon of ‘perseverance of 

diagnosis’. As medical staff, we are influenced by what goes before us and it becomes 

difficult, sometimes, to be different and say ‘no, I don’t think this is meningitis’ when the GP 

and the ED doctor have all queried it, or perhaps ‘let’s investigate the cause of the meningitis 

because it’s good to give the patient a name, even if there is no specific treatment’ –this  

goes against the grain of the cost-conscious NHS where we cannot be seen to be doing 

‘unnecessary’ tests. Peter Conrad writes that “all illnesses are socially constructed at the 

experiential level” and I think this can be the same for doctors – they construct what 

meningitis means to them based on the opinion of others or previous experience, and that 

in turn may determine whether there is a search for an aetiological diagnosis or merely a 

descriptive one.291 

Un-refinement of diagnosis 

Finally, and importantly, within the ‘perseverance of diagnosis’ there is the perseverance of 

a diagnostic label that is applied early to patients with an acute medical condition, but not 

later refined. For example, a patient may be labelled as having ‘viral meningitis’ based on the 

initial lumbar puncture results but then no further refinement is made to determine what 

the virus isg. As mentioned earlier in most hospitals there are local guidelines to help doctors 

                                                           
g It is commonplace for patients who are relatively well and have a lymphocytic CSF to be labelled as 
‘viral meningitis’ and not actually have any tests done to look for viruses. In the UK meningitis study 
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in the initial, immediate stage of management, there are also often national guidelines.  

However these guidelines may only give guidance on treatment and not necessarily what 

diagnostic investigations to perform – hence do not necessarily help to improve diagnosis.  

“If I diagnose a patient for viral meningitis I would just possibly say 

something like there is many different viruses, we can’t really isolate the 

one or we don’t really tend to isolate one but you know it will go in its own, 

and I think most patients will be happy with that explanation. “ (Chris, CT1, 

cardiology). 

 
As the viral infection is likely to resolve Chris seems unwilling to further investigate the cause. 

These thoughts are also reflected in Dave’s position as well, who we saw earlier states that 

he “didn’t have to prove it because the treatment would have been the same anyway”. This 

standpoint can be justified from the viewpoint that a diagnosis is only worth pursuing if a 

treatment can be given. Dina describes below how there might be little point of making a 

specific diagnosis if there is no treatment available.  

  
“…. I still think for you to be able to make a right diagnosis you have to judge 

what is the necessary test because you can just do every test under the sun 

but then you have to have some good clinical understanding that in this case 

is this really necessary would this change any treatment should we do this, 

and if it… should we do this test and when we do this test, what are we 

looking for and how will we treat it “Dina, ST1 Acute Medicine. 

 

As I mentioned earlier there was a strong steer from the medical staff that a diagnosis was 

only worth pursuing if it made a difference to treatment. There are arguments that support 

this approach which were mentioned such as the cost of testing. However, several studies 

have shown that by identifying a pathogen (namely enterovirus) you can save money by 

stopping antimicrobials and getting people out of hospital sooner98,292. Another potential 

                                                           
approximately 25% of patients who had a lymphocytic CSF did not have tests done for viral 
pathogens (see chapter 3).  
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reason for not diagnosing a specific pathogen, which wasn’t mentioned directly in the 

interviews would be that of potential harm, in particular stigma or worry associated with a 

specific diagnosis. Bowker and Starr refer to people being diagnosed with tuberculosis ‘living 

under a confusing regime of categories and metrics. Many people were incarcerated for 

years…..they were subjected to a constant battery of measurements……the results of the 

tests determined the degree of freedom from the sanatorium…..’.185 The biomedical model 

would suggest that diagnosis is always a good thing and should be sought in all cases. 

However, one could argue in the case of herpes meningitis, if there is no effective treatment 

and having the diagnosis may bring with it undue stress due to the nature of acquisition of 

the virus. It is likely in most cases the virus was acquired sexually several years before, often 

asymptomatically. However, this may not always be conveyed to the patient and it could 

bring about a feeling of mistrust between the patient and their partner if they assume they 

have acquired the virus recently and therefore may assume their partner has been having an 

affair. Although this did not come out in my interviews – only one of my interviewees had 

HSV-2 meningitis and he was unaware of it – it was mentioned in my pre-interview discussion 

with the patient representative on the steering committee of the UK Meningitis study. She 

had had HSV-2 meningitis and questions of where it had come from did arise. 

The extreme end of avoiding a diagnosis would be the example of the French who did pursue 

cancer diagnoses but withheld them from their patients for fear of causing distress. This was 

eventually recognised as the state (and doctors) holding too much power over the people293.  

Despite the pervading theme of ‘diagnosis without a treatment is meaningless’, many of the 

doctors actually said if they had meningitis themselves they would want to know, and almost 

all of the patients described a desire to know. This concept is brought out in a study looking 

at end of life care where young doctors are surveyed about their opinions on advance 

directives and also their own personal wishes for end of life care. The majority of doctors 

(88%, n=954) would choose low intensity end of life care for themselves whilst choosing high 
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intensity life prolonging care for their patients.294 The authors suggest that one of the reasons 

for this is the ‘culture of modern biomedicine with its default set of maximal interventions 

for all patients’. 

One of the possible reasons for this lack of refinement is the process of diagnosis in 

meningitis where the treatment is given before the search for a definitive diagnosis really 

begins. Whilst it is recognised that in some illnesses a trial of treatment forms part of the 

diagnostic process, for example, in asthma and in some no specific treatment is available, 

such as in those patients with medically unexplained symptoms, it still remains that in many 

illnesses the traditional illness trajectory of symptoms, investigations, diagnosis and then 

treatment occurs. For example in patients with chest pain, an ECG and blood tests would 

have to confirm that the patient was having a heart attack before specific thrombolysis or 

stenting would occur; in patients with breast lumps the diagnosis of cancer must be made 

before chemotherapy or surgery can be considered. Obviously the risks of the treatment 

have to be taken into consideration and the risks of giving unnecessary antibiotics may be 

deemed acceptable, such that treatment for many infectious diseases, including meningitis, 

is given before a diagnosis is reached. However, these can then be refined (or stopped) if a 

definitive aetiological diagnosis is made. In the era of rising antimicrobial resistance we may 

need to reconsider our willingness to prescribe antibiotics without a definitive diagnosis. 

Schaepe has described the process of diagnosis in patients receiving a diagnosis of a 

haematological malignancy.249 She has detailed the longitudinal nature of diagnosis and how 

the patients encountered a number of medical practitioners prior to the actual diagnosis. 

She also describes the longer, or two stage process of realisation after the diagnosis is given. 

These aspects of the path to diagnosis share many similarities with the cases of meningitis. 

There are many encounters with different medical professionals – albeit, potentially in a 

slightly more urgent manner; there are hints and suggestions at the diagnosis but it is one 

particular test – the lumbar puncture – that allows a definitive diagnosis. Within Schaepe’s 
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study this was a bone marrow aspirate. She also describes the realisation of the diagnosis as 

being a part of the diagnostic process, this is a two-step process – firstly when the patient is 

informed of the news and secondly when they really take it in. This is the same with 

meningitis – there is an initial relief often that the diagnosis was viral meningitis and not 

bacterial meningitis, but as time goes on and patients become physically better there are 

ongoing questions and queries about the actual diagnosis. Goodwin and McConnell talk 

about the state of liminality, where one is waiting for the results of a diagnostic test – one is 

neither ‘undiagnosed’ or ‘diagnosed’, but rather in some sort of in-between state.273 One of 

the important aspects in her study is that of trust, trust in the medical professional. With an 

acute diagnosis, like meningitis, there is little time to form relationships with the doctors to 

allow trust and rapport. However, the arrival of the specialist seemed to allow this trust to 

become more apparent.  

 5.4.2.4 Uncertainty 
Uncertainty is a huge area within the sociology of diagnosis, and medical sociology as a 

whole, and has permeated many of the themes already discussed. Some of the 

disadvantages of not having a diagnosis included uncertainty for both the patients and the 

doctor. Many patients thought that if they had a name they might have the answers to some 

of their questions such as how had they caught it? Where had it come from? These questions 

were often asked with an underlying desire to try and prevent it happening again. The other 

piece of information people wanted from a definitive diagnosis was regarding longer term 

effects. Was it the meningitis that was causing their headaches or cognitive problems? 

Information is easily accessible now and most patients made reference to the internet or 

‘googling’. It is highly possibly that either the patient or a relative will be doing this whilst 

they are still an inpatient – on their phone or tablet, so if a doctor cannot give them 

reassurance that they definitely do not have HIV or genital herpes (which both come up on 

the first link of a google search of “How do I get viral meningitis?”) these diagnoses could be 
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a genuine worry for them. Prior to starting the interviews, I had preliminary discussions with 

a patient who had previously had HSV-2 meningitis and she told me that this is exactly what 

she had done and as a result requested an HIV test to reassure herself.  

The majority of the patients interviewed were very keen to have a specific bug identified. 

The main reasons they gave were for reassurance and often to prevent it happening again. 

Diagnosis as a means of prevention was a strong theme coming through. Patients strongly 

identified with the ‘need to know’ what was causing their symptoms and interestingly several 

of the doctors also commented ‘if it were me, I would want to know’. 

Uncertainty was a major factor for both patients and doctors. The major sources of 

uncertainty for the patient were regarding diagnosis and prognosis. Uncertainty is an 

important element when discussing ambiguous diagnoses, to both the patients and the 

doctors. In Jane’s case she was told that she might have had viral meningitis but it might have 

just been ‘flu.  

“Only because of the, what I am experiencing now, because I feel a little 

bit silly going to my doctor and saying well I could have had viral 

meningitis and since then I have had these because I don't know you, like 

I say I have tried to convince myself I think that I am not experiencing 

these things, but I know I am, especially the erm... saying different things 

for a different word, and the not finding the right word for what I want 

to say.”  (Jane, 41, warden, unknown cause of meningitis) 

 
Jane herself felt that it was probably viral meningitis as she never had any of the other 

symptoms of ‘flu. However, she says it would have been nice to know for certain as it might 

help her account for the problems she was having after the acute episode.  

One of the big fears for Rachel, who had had a previous episode of meningitis, was whether 

it would come back again. I interviewed her shortly after her second episode and she 
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described the uncertainty of the medical staff and how she did not feel confident that they 

were very knowledgeable when it came to meningitis, or viral meningitis in particular.  

 

“They didn't know which meningitis it was, so I was in like a solitary room 

for about 5 days, because they didn't know whether it was bacterial or 

viral, erm... and to be honest I don't think anybody at the hospital really 

knew what symptoms to expect or anything like that so they were asking 

me more so than telling me what kind of would happen” (Rachel, 29, 

catering assistant, recurrent meningitis of unknown cause). 

Because Rachel has had meningitis before the staff were asking her what the trajectory of the 

illness might be. This did not seem to fill her with confidence.  

Some of the uncertainty from the patients’ viewpoint seemed to be allayed if there was a 

specialist involved. I have outlined earlier in this chapter the effect that seeing a specialist had 

on Peter and Angie. Rachel too commented that perhaps if she had been in London and not in 

a small hospital in the North of England, doctors might have known more about it. When asked 

what she thought could be done to improve the diagnosis of meningitis the also commented 

on the need for a specialist. 

“I think it would be helpful if there was kind of you know like not just in 

my hospital but maybe in all the hospitals somebody that was not a 

specialist but knew a bit more about it and was able to give more 

information when you initially go in, just so you have got an idea what is 

going on.  Because like I said no one really seemed to know you know 

what was happening and stuff they just kind of went hey you have got 

meningitis, stay in this room, and that's it, so...” (Rachel, 29, catering 

assistant, recurrent meningitis of unknown cause). 

One of the other areas of uncertainty is around ‘how did I get it?’ or ‘how did I catch it?’ This 

seems to stem from both a desire to prevent it happening again and a desire not to pass it 

on and a combination with just the need to know.  
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Uncertainty from the medical perspective was not such a common theme, nevertheless, 

some participants did comment on it. It seemed to be more prevalent amongst the more 

senior doctors, possibly because they had had more exposure and possibly reflects a growing 

acceptance of uncertainty as experience is gained. Richard was a junior doctor who had seen 

a patient who had symptoms of meningitis and although he felt the most likely diagnosis was 

a simple viral infection of the upper respiratory tract, he felt they should have a lumbar 

puncture just to be 100% sure that the patient did not have meningitis. However, Richard 

was not competent to do a lumbar puncture on his own and so sought advice from the 

registrar that was on – who, possibly through experience, was much more confident to say a 

lumbar puncture was not needed. This left a degree of uncertainty in Richard’s mind: 

 “If it was my neck on the line, there is that small element of doubt, which 

means that I would have probably erred on the side of caution and gone 

for a LP rather than run the risk, and probably the worry actually of letting 

him go home with still ‘most likely’ as opposed ‘definitely not’ meningitis 

if that makes sense.” (Richard, ST1, GP trainee in Infectious Diseases). 

Uncertainty for the doctor was often intertwined with the fear of missing something more 

serious, such as bacterial meningitis, especially when the diagnosis was not clear. 

“you don't know what to do with them… nobody wants to send them 

home, in case they die at home, but then they seem quite well, after you 

know 24/48 hours and you just, you don’t know what to do with that 

patient,” (Rebecca, ST3, genitourinary medicine) 

 

Uncertainty can arise from various sources. Olson and Abeysinghe describe the following as 

potential origins of uncertainty for clinicians295. There might be a lack of confidence in the 

clinician’s own knowledge. Is the reason I don’t know the diagnosis because I don’t have 

enough knowledge or because no-one has that knowledge, that is, that discovery has not yet 

been made. Or it may be that the patient may refer to their symptoms and story in a way 

that is difficult to comprehend for the physician. Doctors often talk about ‘bad historians’ 
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but perhaps it is us, the physicians, that need to learn to be better ‘history takers’. We cannot 

expect patients to always present their cases in the exact ways in which we were taught them 

in medical school, or how they are described in textbooks. This is an area of medical 

education that could be enhanced and improved on.296 Olsen states that ‘medical education 

generally emphasises certainty and decisiveness’. In the UK, with the inclusion of sociology 

and psychology in the medical curriculum, maybe this will change. Finally it may be that the 

uncertainty arises from medical technology. In the case of meningitis, as I am discussing here, 

PCR has a high specificity for diagnosis but low sensitivity in some cases.  

It is possible that uncertainty is more acceptable in general practice but once the patient 

reaches hospital there is more of an expectation that diagnoses will be definitive and 

certain.295,297 However, as can be seen in these interviews, and in many other cases, this is 

often not the case. However, what we have seen here is that even if the specialists cannot 

give certainty, it is rarely them that have to deal with the longer term uncertainty of the 

patients. That is left to the patients themselves, their families and possibly their GPs. 

Interestingly it is the physicians ability to tolerate uncertainty that might determine what 

specialty they end up in. Those who are happier with uncertainty might be community 

physicians whilst those who require definitiveness would be more likely to be 

specialists.295,296,298 Those who don’t like uncertainty also might be more likely to order more 

tests.296 

Uncertainty is always going to be a part of clinical medicine but there are ways of harnessing 

that uncertainty and working within classification systems can help to reduce that 

uncertainty – so whilst ‘meningitis’ is not a completely explanatory diagnosis in itself, it is a 

classification that certainly helps to reduce the uncertainty of the physician and may help to 

allay the uncertainty of the patient – but it may also provoke further anxiety due to the 

‘horror’ construction  of meningitis which the patient may have in their mind. Perhaps in the 
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diagnosis of ‘viral meningitis’, there is a balance between allaying the anxiety of the patient 

and reducing the uncertainty of the doctor – although without having actually identified the 

virus it is difficult to be 100% sure that the diagnosis is correct.  

There may also need to be an acceptance that a definitive aetiology or diagnosis may not 

always be able to be achieved, no matter how many improvements we make. This challenges 

the biomedical model’s notion of a doctrine of aetiology – we need to be more constructivist 

in our attempts at diagnosis. As Olson and Abeysinghe have said ‘the view that there is one 

correct way of comprehending the world must also be challenged in accepting that there 

might not be a truth to be found, or it might not be achievable or measurable’.295 

5.5 Discussion and conclusions  

A diagnosis was important to both patients and doctors and whilst there are arguments for 

not seeking a specific aetiological diagnosis, such as cost and potential distress to the patient, 

these were not predominant ideas or themes in the interviews I carried out. Many reasons 

were given for an aetiological diagnosis, not least legitimation for the patient and the ability 

to provide a treatment for the doctor. Referring back to Büscher’s essentials of diagnostic 

work we can see that all four of her overriding themes were encountered in this study on 

diagnosis251. Firstly, I have shown that diagnosis in the cases of meningitis, and by 

extrapolation in other acute illnesses, is very much still a social phenomenon. It relies on 

interactions between the patient and their friends and families, as well as interactions 

between the patient and healthcare workers. Previous descriptions of collaborative diagnosis 

have focused on the ways in which different members of the multidisciplinary team have 

worked together, or not, to develop, or hinder, the production of a diagnostic label.274,299 

Adding to the established literature I have also shown that the relationships between 

different doctors also plays a critical role in the process of diagnosis (or in some cases the 

lack of process). Secondly, by drawing on Rapley’s distributed decision making model I have 
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shown the involvement of many agencies in diagnostic work, some of which I have barely 

mentioned such as many of the non-human actors. Thirdly Büscher describes diagnostic work 

as being intrinsically linked to intervention. We can see this in the commonly seen theme, 

from healthcare workers, that a diagnosis is only necessary when a treatment is available. It 

is possibly this intervention – treatment that is given before a diagnosis - which may mean a 

final diagnostic category is never achieved. The final theme, from Büscher, was that 

diagnostic work can be achieved with a fully functioning unit. As such we can see from the 

examples where a diagnosis is pursued what aspects may have contributed to that, for 

example, the experiential learning environment that promotes the pursuit of an aetiological 

diagnosis. 

Both patients and doctors described many reasons for having a set of symptoms classified 

into a disease category. Although the most common of these from medical staff was to 

provide a treatment, many others were also given. It was recognised that there is more to 

diagnosis than just treatment. For the patients the name provided a means of legitimising 

their illness and allowed them to be sick. It also provided reassurance and went some way to 

addressing the uncertainty felt by having an undiagnosed illness.  

This chapter provides a rare insight into the process of diagnosis in an acute illness. The 

process of diagnosis in acute disease starts much more sharply than in chronic disease and 

tails off over a longer period. It is the tail of the diagnostic process – often after the actual 

diagnostic labelling has occurred – that needs to be addressed when looking at the process 

of diagnosis in acute conditions. The diagnostic process continues after the label has been 

applied. Patients had many questions such as: how have I got this? How can I prevent it 

happening again? What virus is causing the meningitis? Am I infectious to my children? Many 

of these questions occur after the patient has gone home and has no-one to ask and are 
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therefore, left in a state of uncertainty. Unless the patient receives the diagnosis, and 

understands it, the diagnostic pathway has surely not been completed.  

It was clear from talking to the patients that often information was not retained. There is a 

need to re-visit the diagnosis after the acute phase is over, to ensure the patient has all the 

information they need and the opportunities to ask questions. One of the patients 

mentioned specifically about the need for an information leaflet – something that would give 

them all the information about meningitis that they could assimilate at a later date, after 

discharge. Prior to this research, in collaboration with the Meningitis Research Foundation, I 

designed and developed patient information leaflets on both viral and bacterial meningitis 

that are freely available on their website (http://www.meningitis.org/disease-info/types-

causes/viral-meningitis). However, it is clear that more needs to be done to publicise this to 

medical professionals in order for patients to access this resource. It not only provides a 

resource for patients but also for physicians whose knowledge about viral meningitis may be 

low. There seems to be a need for medical staff to be better informed about viral meningitis 

and investigations that can be carried out to identify the potential virus if a patient wishes to 

know. 

The process involved many different people, technologies and other actors and, whilst 

acknowledging that many different agencies are required to obtain a diagnosis, it is also 

possible that it is the very fact that there are so many steps and hurdles that may contribute 

to sometime not attaining the diagnosis. The relationship between doctors that formed part 

of the process of diagnosis was one of the novel aspects to this study. How some doctors 

influence others is important in diagnosis. The experiential learning that peers and seniors 

pass on to junior doctors is probably one of the most influential on how a new doctor might 

choose to investigate patients with meningitis. Also, the suggested diagnoses that go before 

can also influence the doctors’ subsequent management.  

http://www.meningitis.org/disease-info/types-causes/viral-meningitis
http://www.meningitis.org/disease-info/types-causes/viral-meningitis
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Permeating through both the classification of disease and the process by which the illness is 

classified is uncertainty – for both the patient and the doctor. This is another reason why the 

search for a diagnosis is useful – to allay that uncertainty. Or, if a diagnosis can’t be found, 

there should be an acceptance that that is ok.  

Developing a diagnosis relies not only on collaboration but also on tacit and embodied 

knowledge – which as it increases will help to decrease the uncertainty. A diagnosis involves 

‘weaving together information from different sources to form a clear unfolding of events’.274 

These different sources of information include not only what the patient and the other 

medical professionals tell us, but also include past experiences – professional and personal, 

the influence of others in our careers, the effect of any initial treatments and the results of 

any technologies. Recently included in this ‘distributed’ diagnosis model are guidelines and 

protocols. From the interviews I carried out, most of the medical staff were keen for a 

standardised testing panel in cases of meningitis. Some commented how it may lead to a 

‘tick box mentality’ but mostly people were supportive. This also fits in with the general trend 

in microbiological diagnostics for syndromic management. A good example of where this  is 

used in infectious diseases for other rare conditions is the ‘imported fever service’.300 Within 

this service infection doctors who are looking after returning travellers where they need 

some help in coming to a diagnosis can phone the service and a set of samples can be sent 

off to a central laboratory where a battery of tests will be performed depending on certain 

parameters, such as, area of the world visited, clinical presentation, length of illness and so 

forth. So, there is certainly a precedent for this kind of work. It is often the case that doctors 

are reluctant to take on board technology as they think it replaces their cognitive abilities 

but the two need to be taken together. The technology can only give a result, it cannot 

interpret it, ask further questions or decide on treatment. For example if a cerebrospinal fluid 

is tested for herpes simplex virus and it comes back as being positive the doctor then needs 

to re-evaluate the patient to ascertain if they have encephalitis in which case they need 
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urgent intravenous treatment, or if they have meningitis in which case they do not. So, whilst 

the technology can give ‘an answer’ it still needs to be interpreted by the human actors. 

The doctor can determine what diagnosis the patient receives by their selected use of 

diagnostic technologies. As medical staff I believe we don’t think about the impact of 

diagnosis (or lack of it) on our patients. It may be cheaper for the NHS to not spend money 

on tests where there is no treatment but what impact does it have on the patient to not be 

given a diagnosis? Whilst I do believe there may sometimes be a place for the ‘paternalistic’ 

doctor, especially so in acute emergencies as meningitis often is, we need to be aware as 

patients begin to improve they ask questions. Often this may occur once a patient has been 

discharged and they are no longer the responsibility of the doctor who chose not to make a 

definitive, aetiological diagnosis.  

There is of course an argument that there is not enough time and money to be informing all 

patients of all benign diagnoses. However, I think, having spoken to patients that there is a 

duty to let them know what we know. In addition, when interviewing the medical staff there 

were many of them who said, ‘if it was me, I would want to know’ – so why not afford our 

patients the same courtesy? 

How a doctor classifies symptoms into a disease entity can depend on how they were trained 

and their experience to date. Medical emergencies are at the forefront of training and are 

the likely reason that doctors are focused on bacterial meningitis, despite it being 

significantly less common than viral. Doctors may be less likely to know about the intricacies 

of viral meningitis, what the potential aetiologies are and how to investigate them. Many of 

the doctors interviewed mentioned learning from seniors or peers – experiential learning is 

an important way in which doctors learn.301,302 Medical training and experience seem to 

influence how someone investigates a clinical syndrome. For example, if someone has had 

experience in an infectious diseases ward, as the GP trainee who I interviewed had, they 
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might be more likely to investigate further as that is what the senior doctors on that ward 

have told them to do. 

Diagnosis has been described as predominantly a prescriptive activity, it provides a means to 

a treatment180,190. However, here (and in previous chapters) I have argued that there is a role 

for diagnosis as a descriptive entity as well, where no prescriptions are possible. It provides 

reassurance for the patient as well as a reduction in antimicrobial usage and potentially, 

hospitalisation. 

The patients I interviewed almost unanimously desired an aetiological diagnosis. The 

overwhelming reason given was to provide a name, to provide legitimation for their illness 

and to provide a reason why they got ill. The desire to prevent it happening again was also a 

strong one. These views are held in contrast to the medical opinion where the predominant 

reason for a diagnosis was to provide a treatment. Given the process of diagnosis in 

meningitis, and many other medical conditions, involves starting a treatment before the 

diagnosis is made, the impetus to pursue a diagnosis is not always present. In addition, with 

viral meningitis, there is the added problem that there are no proven treatments. 

A diagnosis has been said to be both valid and useful303.  The validity of a diagnosis is in the 

ability of it to differentiate from another e.g. viral meningitis from bacterial meningitis. The 

usefulness is in the ability of the diagnosis to determine treatment or allow prognostication. 

This is the tension that is outlined above between the validity of an aetiological diagnosis of 

herpes meningitis or enteroviral meningitis and the lack of perceived utility. There are some 

potential utilities of an aetiological diagnosis in terms of stopping unnecessary antibiotics 

and allowing prognosis e.g. if a person has herpes meningitis they might be warned about 

the potential for recurrences, whereas this is much less common in enteroviral meningitis. 

Medical diagnosis is a complex business. It is contingent upon the information that a patient 

gives the doctor – which may be selective and based on their own constructions of what is 
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going on – and what the doctor, hears, observes and interprets. Smith and Hemler state that 

“doctors need to decide what information is crucial, what information is irrelevant and what 

information is missing”.304  

In this part of my thesis I have shown that a diagnostic label is important to patients and 

doctors but it is not always achieved. One of the barriers to achieving the diagnostic label 

may be due to the phenomena of ‘perseverance of diagnosis’, which makes a novel 

contribution to the sociology of diagnosis. The process of diagnosis in acute conditions might 

follow a different trajectory to many chronic conditions and the period of time after the 

initial labelling should be considered to be part of the diagnostic process. The process is 

intrinsically social and collaborative involving clinicians, scientists, guidelines, protocols, 

technology and of course patients. I started off this part of my thesis with the question ‘why 

do doctors not do the right tests?’ but clearly the situation is a lot more complex than that.  

Both patients and doctors have an expectation that the diagnosis is the answer, and there is 

only one answer. In this work I have highlighted the uncertainty surrounding diagnosis – 

some of it felt and explicit, but some of it unaware. As more emphasis is put on technologies 

and routine in diagnosis doctors need to navigate their path through, maintaining the clinical 

skills and judgement that are required to firstly, know what technologies to use and secondly 

how to interpret the results. John Gardner tell us that “learning how to manage this 

[uncertainty]….is a skill that clinicians and health professionals probably acquire best by first-

hand experience in a busy and messy, everyday clinical atmosphere”.305 

We also need to become more aware of the patient in the acute diagnostic process and 

remember that in the emergency setting we may need to go back and revisit the diagnosis 

to assess any concerns the patient may have. Whilst shared decision making is probably not 

so much of an issue distributed decision making certainly is. In the consensus statement on 
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the role of a doctor from the medical schools council they state that a doctor must be able 

to: 

“apply their knowledge and skills to synthesise information from a variety of sources in order 

to reach the best available diagnosis and understanding of the patient’s problem, or to know 

what steps need to be taken to secure such an outcome”.  

However, in addition they go on to say a doctor must also: 

“Support patients in understanding their condition and what they might expect, including in 

those circumstances when patients present with symptoms that could have several 

causes”.306  

It is not enough just to make a diagnosis, the process is ongoing.  

There are many social influences and factors that come into play during the patient journey 

and on the course to a diagnosis. Some of these have been seen many times, although this 

is the first time they have been looked at in meningitis which is an acute medical emergency. 

In acute medical emergencies doctors must be aware of the social influences on a patient 

after they have been discharged from hospital, for example the use of the internet and 

discussion with friends and family. In diseases like viral meningitis, which might not 

necessitate the need for a medical follow up, doctors should make attempts to ensure the 

patient is given accurate information regarding their diagnosis, including the identification 

of a pathogen if one is found. More needs to be done to educate medical staff on best 

practice when it comes to diagnosing meningitis – both bacterial meningitis and viral 

meningitis and the benefits of diagnosing a specific pathogen should be emphasised. 

Especially those benefits that go beyond just allowing a specific treatment to be given such 

as the reassurance that comes from having a name. Medical staff should realise that patients 

do not see the process of the differential diagnosis in the same way as they do and once a 
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diagnosis such as meningitis has been suggested this will elicit certain connotations and 

perceptions in their mind. If this diagnosis is refuted or if a ‘less severe’ form of meningitis is 

identified such as viral meningitis again efforts should be made to ensure the patient is aware 

of the differences. Such things as a patient information leaflets could be used. In addition 

there could be a role for a copy of the discharge letter that is sent to the patients GP to also 

be sent to the patient – but in lay language or plain English. Having established that both 

patients and doctors would appreciate an aetiological diagnosis I next undertook a 

laboratory study to determine if testing for a standardised panel of pathogens would 

increase the number of patients achieving a specific aetiological diagnosis.  

5.6 Criticisms and Limitations 

I have chosen to use the sociology of diagnosis as my theoretical framework for this part of 

my PhD. There are however, other potential theories I could have chosen. In particular the 

sphere of science and technology studies would have provided a good outlook for examining, 

in particular, the way in which the human and non-human actors worked together. Actor 

network theory, which stems from the sociological framework of science and technology 

studies, would not only consider the interactions between people and non-human 

participants, but would suggest that the technologies themselves are part of the 

negotiation307. For example a multiplex PCR that can only detect certain pathogens limits the 

physician’s ability to come up with a specific diagnosis if the cause of the patient’s meningitis 

is not one of those pathogens. 

However, as a clinician with a limited understanding of sociology and its various theoretical 

perspectives I felt more comfortable with the medical sociology background of ‘sociology as 

a diagnosis’. My over-riding aim was to look at the process of diagnosis and I think the 

literature within the sociology of diagnosis best fitted with this. As with most things in life, 

these areas are not clear cut and there is overlap. 
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Additionally the use of interviews to gain the data is quite a pragmatic choice. For one not 

used to qualitative research, interviews are possibly one of the most well-known and well-

used method. They are also, quite similar to what I do, as a doctor, every day, when taking a 

history from a patient. They are possibly the most efficient way of gathering relatively rich 

data. One criticism would be that I am interpreting someone else’s interpretation and as such 

that is where the constructionist needs to be critical of the data. One alternative might have 

been to use observation, in particular participant observation. So, if my entire thesis had 

been on this topic I could have used my position as a doctor and performed a more in depth, 

ethnographic study of how doctors manage patients with meningitis. However, this wasn’t 

something that time would allow in my case. It is something, going forward, that I think 

would complement the area of examining the process of diagnosis in acute settings – an 

ethnographic study in accident and emergency or in a medical admissions unit would yield a 

lot of useful data to explore the social processes that go into making a diagnosis.   

5.7 Reflexivity – on being an insider-researcher 
One of the central tenets to constructionist grounded theory is to include reflexivity to the 

work, to attempt to be open about how much I, as the researcher, might have influenced the 

data and analysis, or not. As the interviewer and a medical doctor I acted as an ‘insider-

researcher’ and to bring total validity to this section of my thesis I will describe the process 

of being an insider researcher within this part of my PhD and how it may have influenced the 

work.  

Being an insider-researcher brings with it both benefits and challenges.  Insider-researchers 

“draw upon the shared understandings and trust of their immediate and more removed 

colleagues with whom normal social interactions of working communities have been 

developed”.308 The initial rapport building that ‘outsider-researchers’ have to develop is 

somewhat negated, even in these interviews where the medical staff were ‘more removed’ 
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colleagues there is an inbuilt understanding and rapport that comes from being part of the 

same profession.  

Easy access to participants is a potential benefit of insider researchers, however, because of 

research governance this was not necessarily the case here.  Knowledge of clinical working 

systems and associated pressures afforded an advantage in the rapport of the interviews. In 

the patient interviews being an insider gave other benefits (as well as responsibilities). The 

patient participants were willing to trust this ‘expert’ before them, there was almost a feeling 

of privilege to have the expert come and ask their opinion. In addition I was able to answer 

some of their questions which a non-insider may not have been able to do. There is very little 

written on the role of the medical doctor as in insider-researcher in qualitative research. 

More is written about nurses and other health care professionals.309-311 One researcher did 

explore the effects of ‘peer’ interviewing within the context of general practitioners.312  In 

this paper they also highlight the fact that the interviewer was often seen as an ‘expert’ and 

the participants were keen to ask questions of them.  Another challenge they faced was that 

of colleagues feeling like they were being ‘tested’.  I also found this, especially with the more 

junior doctors, despite explaining there were no right or wrong answers. However, mostly 

they found, as I did, that the benefits outweighed the challenges. One of the major benefits 

was that there was a shared language with no need for explanations.  In conclusion the 

benefits of being a clinician insider in this study outweighed any potential bias and critique 

of subjectivity. 

During the interview process you have to make decisions on how much of yourself to reveal. 

Initially, I struggled with getting the balance right between interview and conversation. 

However, I was helped very much by Burgess who stated that the qualitative interview was 

“a conversation with a purpose”.256 As I gained more experience with interviewing I 

discovered that by making the interview less of an interview and more of a conversation you 
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can get a lot more out of the encounter. I believe that often in order to really probe 

someone’s thoughts and ideas you have to be prepared to give away some of your own. 

Sword describes how she underwent a process of revealing more of who she was with the 

resulting effect that she gained so much more from her interviews.309 This paper was really 

helpful for me as prior to this I had thought it wrong to give away anything of your own self. 

I could completely resonate with what she was describing and I decided that I would try and 

make the interviews as natural as possible.  
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Chapter 6 - Improving the diagnosis of meningitis using 

molecular methods 

6.1 Background 

So far I have shown that many patients with meningitis never have a cause identified. I have 

shown that these patients have longer hospital stays, unnecessary antimicrobials and a 

longer duration of symptoms. One of the key variables associated with not having a diagnosis 

was specific diagnostic tests not being done. In the last chapter I identified that an 

aetiological diagnosis was important to both patients and medical staff. I also showed that 

the process of diagnosis in acute conditions may contribute to not having aetiological tests 

done. In this final results chapter I ask whether testing for a comprehensive panel of 

pathogens would in fact increase the diagnostic yield.  

PCR has been the gold standard for the diagnosis of viral meningitis since its advent.107 

However, it can also play an important role in the diagnosis of bacterial meningitis. 

Increasingly, in the UK, cultures are negative in cases of bacterial meningitis.313  As shown in 

chapter 3, 24 of the 99 proven bacterial meningitis cases (25%) in the UK Meningitis study 

were diagnosed by molecular methods alone. In meningococcal disease this increased to 

36% (10/28). Thus molecular methods play an important role if an aetiological diagnosis is to 

be reached. There were several cases of meningitis of unknown aetiology where no pathogen 

was identified and molecular tests were not performed.  

Before a PCR can be performed the nucleic acid needs to be extracted. Traditional extraction 

methods have focussed on either DNA or RNA extraction and are often directed towards 

either viral or bacterial pathogens. However, when a patient presents with suspected 

meningitis, or when a CSF is received in the diagnostic laboratory, it is difficult to know 

whether the cause will be viral or bacterial. The ideal technique would include a single 
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method that enables extraction of nucleic acid from all likely pathogens. This includes Gram 

positive and Gram negative bacteria as well as RNA and DNA viruses. As well as the efficacy 

of the extraction process, the method should also be rapid and easy to perform if it is to be 

used in a busy diagnostic laboratory.  

There have been a number of published comparisons between nucleic acid extraction 

techniques and all have slightly different emphases.314-320 No one has previously looked at 

methods to extract nucleic acid from both DNA and RNA viruses as well as bacteria from CSF. 

Some studies have compared manual versus automated extraction from CSF and other 

samples. Schuurman and colleagues found that automated extraction resulted in a lower 

yield than manual methods, thought to be due to incomplete DNA recovery in the magnetic 

automated methods used. Another study also compared automated methods with both 

TRIzol® extraction and a commercially available kit for enteroviral RNA extraction from CSF. 

The methods were largely equivalent although there was a trend towards a decreased 

sensitivity with TRIzol® extraction.315 A further study looked at a variety of pathogens and 

specimen types, including both DNA and RNA viruses in CSF (but not bacteria), and compared 

various automated and manual extraction methods. The extraction efficiency was 

comparable across all methods. The automated methods had advantages of decreased 

hands on time but costs were much higher.318 None of the studies are definitive –some state 

automated methods are better than manual, others have found manual to be better than 

automated; some have found phenol-chloroform to be better than guanidine thiocyanate 

whilst others have struggled with the phenol-chloroform method.318,321 Most look only at 

viral pathogens, few studies have compared extraction of both viral and bacterial DNA. One 

study only used one commercially available kit and did not extract from CSF.322 More recently 

a single extraction method for bacteria and viruses has been described for respiratory 

samples.323  
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In addition to the actual extraction method many people also use pre-extraction lysis steps 

for Gram positive bacteria to aid nucleic extraction from the tough cell wall.324 This step could 

potentially damage the more delicate viruses and is time consuming to be done on every 

sample. Therefore, it would again be ideal if the extraction method could extract Gram 

positive DNA, especially S. pneumoniae, without any potentially damaging lysis methods.  

In this chapter I will evaluate various extraction techniques including the use of a pre-lysis 

step. I will also assess the expected drop in yield due to long term storage and natural 

degradation of nucleic acid by testing samples previously known to be positive for either viral 

or bacterial meningitis. Having done these preliminary steps I will then go on to test the CSF 

samples from the UK Meningitis study cohort for several potential pathogens. For any 

samples that remain undiagnosed I will attempt to use the methods evaluated in chapter 

four to estimate how many might be viral and how many might be bacterial. Additionally I 

will evaluate CSF procalcitonin as a diagnostic marker. Serum procalcitonin has been shown 

to be beneficial in differentiating bacterial from viral infections but CSF procalcitonin has had 

variable results.325-327  

My aims for this chapter are: 

1) To determine the best method for extraction of viral DNA and RNA as well as 

bacterial DNA from CSF samples; 

2) To assess if chemical lysis affects the yield of Streptococcus pneumoniae from CSF; 

3) To evaluate the expected yield of pathogens from CSF following a variable time in 

the freezer and unknown storage conditions prior to study recruitment; 

4) To test CSF from patients with meningitis and no aetiological diagnosis (from the UK 

Meningitis Study) using a panel of pathogen specific PCRs; 

5) To evaluate the use of CSF procalcitonin on the diagnosis of bacterial meningitis. 
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6.2 Methods 

6.2.1 General methods for performing molecular procedures in the laboratory 

In order to reduce the risk of cross contamination when working with nucleic acid I took 

several precautions. Separate physical areas were used for extraction of DNA, preparation of 

mastermixes and PCR set up. All disposable materials such as pipette tips and eppendorfs 

were nuclease free. Any water used was also nuclease free. Gloves were changed several 

times and surfaces were cleaned with 70% ethanol. 

6.2.2. Evaluating nucleic acid extraction methods from spiked CSF 

CSF from patients enrolled in the UK meningitis study who did not have meningitis (CSF white 

cell count ≤ 4 x 106 cells/L and no pathogens identified) was pooled and then spiked with 

serial dilutions (see below) of either herpes simplex virus type 1 (HSV-1), enterovirus 71 

(EV71), Streptococcus pneumoniae or Haemophilus influenzae. Each dilution was extracted 

in triplicate using three different nucleic acid methods – TRIzol® extraction, the Qiagen 

QIAamp cador pathogen kit and the Qiagen viral MinElute spin column method. I was using 

leftover clinical samples and often there were very small amounts remaining.  These 

particular commercial kits were chosen as they were designed for a small input volume. The 

principles and details of each method are given below. A 200µL starting volume was used for 

all. 

Spiking of CSF 

CSF with no known haematological or biochemical abnormalities was pooled and aliquoted 

into 900µL volumes. 100µL of stock pathogen was added and continued dilutions made. The 

starting concentrations for each of the pathogens were as follows: HSV-1 – 4.4 x 108 pfu/ml; 

EV71 4.8 x 106 pfu/ml; S. pneumoniae 1.5 x 108 cfu/ml; H. influenzae – 2.42 x 108 cfu/ml.  

TRIzol®LS 
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TRIzol®LS is a solution of phenol, guanidine isothiocyanate and other components which aids 

the isolation of nucleic acids (and proteins) from liquid samples. In brief the sample is 

homogenised with TRIzol®LS before chloroform is added allowing the separation of RNA into 

an upper aqueous layer which is then removed. The RNA is precipitated by adding 

isopropanol and then washed in ethanol. Finally the RNA is re-suspended in nuclease free 

water.   

600μL of TRIzol® LS was added to the 200μL of spiked CSF with 20μL of glycogen (5μg/ml) (to 

act as an RNA carrier). This was then homogenised with a 200μL pipette for two minutes. 

Following brief vortexing the homogenised sample was left to incubate at room temperature 

for 5 minutes before adding 160μL of chloroform and shaken vigorously by hand for 15 

seconds. The sample was again incubated at room temperature for 10 minutes followed by 

centrifugation at 12000 x g for 20 minutes at 4 degrees Celsius. The aqueous layer was then 

carefully pipetted off into a new microcentrifuge tube. 400μL of isopropanol was added to 

the aqueous layer, incubated at room temperature for 10 minutes and centrifuged at 12000 

x g for a further 20 minutes. The RNA pellet was identified and the supernatant removed and 

discarded. The pellet was then washed with 800μl of 80% ethanol and transferred into a new 

microcentrifuge tube before centrifuging at 12000 x g for 5 minutes. The pellet was then 

washed and centrifuged again before removing the supernatant and allowing to air dry. Once 

visibly dry the pellet was re-suspended in 20μL of nuclease free water. The RNA was then 

either stored short term at 4°C or longer term at -70°C. 

QIAmp cador pathogen kit 

This method utilises a silicon membrane which allows the nucleic acids to adsorb to it whilst 

eliminating any contaminants. It has been optimised to extract nucleic acid from both 

bacteria and viruses. The protocol for purification of nucleic acids from fluid samples was 

used, without any pre-treatment. The carrier RNA was initially dissolved in 310μL of buffer 
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AVE resulting in a solution of 1μg/1μL. The dissolved solution of carrier RNA in AVE was then 

added to buffer VXL to give 1μg of carrier RNA per sample. All buffers were prepared 

according to the manufacturer’s instructions. 200μL of spiked CSF was added to 20μL of 

proteinase K before adding 100μL of buffer VXL, (containing the carrier RNA). This was 

incubated at room temperature for 15 minutes to allow lysis and inactivation of nucleases. 

Following lysis 350μL of buffer ACB was added and mixed thoroughly. The entire sample was 

then transferred to a spin column and centrifuged for 1 minute at 6000g. The column was 

then washed twice each with buffers AW1 and AW2 (600μL of each) and centrifuged at 6000g 

for 1 minute between each wash to eliminate contaminants. Following the washing the 

column was spun for a further 2 minutes at full speed to dry out the membrane. Finally the 

nucleic acids were eluted with 35μL of buffer AVE.  

QIAamp MinElute virus spin kit 

This method also uses a silicon membrane to adsorb the nucleic acids. Protease was 

reconstituted in buffer AVE. Carrier RNA was reconstituted in buffer AVE as above before 

being added to buffer AL, in a quantity dependent on the number of samples to be 

processed, to result in a final concentration of 28μg/ml. Wash buffers were prepared 

according to the manufacturer’s instructions. 200μL of spiked CSF was added to 25μL of re-

suspended protease. 200μL of buffer AL (containing the carrier RNA) was then added before 

mixing and allowing the sample to incubate at 56°C for 15 minutes. Following the incubation 

and lysis 250μL of 100% ethanol was added, mixed and further incubated for 5 minutes at 

room temperature. The entire lysate was then added to the MinElute spin column and 

centrifuged at 6000g for 1 minute. The column was then washed with buffers AW1 and AW2 

(500μL x 2 for each) and spun at 6000g for 1 minute after each wash. Following the final wash 

a further 500μL of ethanol was added and the column spun for one minute at 6000g. To dry 

the membrane the column was then spun for a further 3 minutes before incubating at 56°C 
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for another 3 minutes to evaporate any remaining liquid. Finally the nucleic acids were eluted 

with 20μL of buffer AVE.  

Once extracted the samples were left overnight at 4 degrees Celsius or immediately frozen 

at -70 degrees. The next day, or upon defrosting the amount of nucleic acid was measured 

using the spectrophotometric absorbance.  

Reverse transcription 

Reverse transcriptase was carried out using the Ambion RETROscript™ kit. 2μg of RNA was 

made up to a volume of 11μL with nuclease free water. If 11μL of RNA had less than 2μg of 

RNA the full 11μL of eluted RNA was used. 2μL of random decamers, 2μL of 10X RT buffer, 

4μL of dNTP mix, and 1μL of M-MLV reverse transcriptase enzyme were then added. Reverse 

transcription was carried out at 44°C for 60 minutes followed by 92°C for 10 minutes. 

PCR protocols 

2-4μL of DNA or cDNA was used with 1μL of forward and reverse primers per reaction at a 

concentration of 10mmol and 1μl of probe per reaction at a concentration of 2.5mmol. 10μL 

of TaqMan® mastermix and 5μL of water per reaction were added to the mix. Based on 

experience and advice from previous laboratory members three different cycling protocols 

were used (table 6.1). The first cycling protocol (A) is the protocol that has been used 

previously by members of my research group, primarily to detect HSV-1. Protocols B and C 

were then adapted to improve the detection rates for VZV and Enterovirus (see section 

6.3.3). The CFX Connect™ or CFX 96™ (Bio-Rad) were used for all PCR reactions. 
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Table 6.1 Thermocycler protocols for PCR reactions                 

Thermocycler 

protocol 

Start 

temperature Duration 

Denaturing 

temperature Duration 

Annealing 

temperature Duration 

Extension 

temperature Duration 

Number of 

cycles 

Final hold 

temperature Duration 

A 95⁰C 10 minutes 95⁰C 15 seconds 50⁰C 30 seconds 72⁰C 30 seconds 45 4⁰C 12 minutes 

B 95⁰C 10 minutes 95⁰C 15 seconds 50⁰C 30 seconds 72⁰C 30 seconds 56 4⁰C 12 minutes 

C 95⁰C 10 minutes 95⁰C 15 seconds 58⁰C 30 seconds 72⁰C 30 seconds 56 4⁰C 12 minutes 

 

 

 

Table 6.2 Primers and Probes used in singleplex PCR reactions 

                  

Target pathogen Forward primer Reverse primer Probe Gene encoded Tm - forward Tm - reverse %GC -forward %GC - reverse 

HSV-1 GCAGTTTACGTACAACCACATACAGC AGCTTGCGGGCCTCGTT CGGCCCAACATATCGCGTTGACATGGC UL27/28 62.72 62.09 46.15 64.71 

HSV-2 CAAGCTCCCGCTAAGGACAT GGTGCTGATGATAAAGAGGATATCTAGA ACACATCCCCCTGTTCTGGTTCCTAACG UL5 (HELICASE) 59.82 59.9 55 39.29 

VZV GATGGTGCATACAGAGAACATTCC CCGTTAAATGAGGCGTGACTAA AAAGTTCCGCGCTGCAGGTTCCAGTAATGCTCTA ORF31 59.73 58.74 45.83 45.45 

Enterovirus CAATTGTCACCATAAGCAGCCA GGCCCCTGAATGCGGCTAAT GAAACACGGACACCCAAAGTA  polyprotein 59.51 62.98 45.45 60 

S. pneumoniae AGCGATAGCTTTCTCCAAGTGG CTTAGCCAACAAATCGTTTACCG ACCCCAGCAATTCAAGTGTTCGCG pneumolysin 60.42 58.6 50 43.48 

N. meningitidis GCTGCGGTAGGTGGTTCAA TTGTCGCGGATTTGCAACTA CATTGCCACGTGTCAGCTGCACAT ctrA 60.3 58.49 57.89 45 

H. influenzae CCAGCTGCTAAAGTATTAGTAGAAG TTCACCGTAAGATACTGTGCC CAGATGCAGTTGAAGGTTATTTAG Omp P6 57.06 57.76 40 47.62 

PCR - polymerase chain reaction; Tm - melting temperature; GC -guanidine-cytosine; HSV - herpes simplex virus; VZV - varicella zoster virus 
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Agarose gel electrophoresis.  

DNA was electrophoresed through 1.5% agarose gels containing 2μg ethidium bromide per 

1.5μL of 0.5 Tris-acetate-EDTA buffer. 4μL of 6x loading dye was included in all gels for 

estimation of the DNA recovery after image capturing under UV illumination. GeneSnap 

software from Syngene was used for image capturing, and the graphic files were exported as 

16-bit TIFF images. 

Probes and primers were obtained from Sigma Aldrich and the sequences used are given in 

table 6.2. The viral primer and probe sequences have been previously optimised by other 

members of my research group (unpublished). The bacterial sequences were identified from 

the literature117,328,329. 

6.2.3 Effect of chemical lysis on nucleic acid extraction from Streptococcus 

pneumoniae 

200μL of spiked CSF was mixed with 50μL of TE buffer (10mM Tris-HCl, 1mM EDTA) 

containing 0.08g/ml of lysozyme and 150U/mL of mutanolysin and incubated at 37°C for 60 

minutes before proceeding with extraction as above. 

6.2.4 Evaluation of effect of time on pathogen identification  

CSF that was known to previously have tested positive during the patient’s initial hospital 

visit for either enterovirus, HSV, VZV, S.pneumoniae or N.meningitidis was re-tested by 

myself using singleplex primers. Nucleic acid was extracted using Qiagen MinElute kits and 

rtPCR was carried out as described in section 6.2.1. Positive results were confirmed by 

replicates, repeat PCR and/or gel electrophoresis.  
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6.2.5 Determining which viral pathogens to test for 

I sent an online questionnaire to all laboratories in the UK using e-mail addresses available 

on the clinical virology network website (http://www.clinicalvirology.org/) (n=36). I asked 

what their current practice was for first and second line viral testing on CSF and what they 

would like to see as first and second line panels. This would ensure that the results of my 

testing would be relevant for UK practice. 

6.2.6 Testing of clinical samples for a panel of pathogens. 

CSF was tested using either singleplex PCR as described above or using multiplex PCR 

(FastTrack Diagnostics (FTD), Luxemburg). The manufacturer’s instructions for the FTD kits 

were followed but briefly the methods are as follows. An internal control was added to the 

lysis buffer and the negative control was extracted along with the samples. A mastermix 

comprising the primer-probe mix, buffer and enzymes was made up for the number of 

reactions to be carried out. 5μL of sample was used with 15μL of mastermix and 5μL of 

nuclease free water (this is an adaptation of the manufacturer’s recommendation to use 

10μL of sample with 15µL of mastermix). The CFX 96™ was used with the following 

thermocycling conditions 42oC for 15 minutes, 94 oC for 3 minutes followed by 40 cycles of 

94 oC for 8 seconds and 60 oC for 34 seconds (this is an example of a two-step PCR).  

6.2.7 Procalcitonin ELISA. 

The Procalcitonin ELISA (thermofisher) was used as per the manufacturer’s instructions. It 

was evaluated using both neat and dilute samples (1:1) as it had not previously been 

validated for use with CSF.  

http://www.clinicalvirology.org/
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6.2.8 Statistical methods 

A one way ANOVA with repeated measures was used to assess the different extraction 

methods. If the assumption of sphericityh was not met then the Greenhouse-Geisser 

correction was used. SPSS version 22 was used for calculating ANOVA. Graphpad prism v7.0 

was used for ROC curve analysis.  

6.3 Results 

6.3.1 Assessing different methods for extracting both bacterial and viral nucleic acid 
from CSF. 
  

TRIzol® LS consistently produced the worst results for all pathogens in both quantity and 

purity of nucleic acid recovered (table 6.3 and figure 6.1). The MinElute kit was the only 

method to successfully detect all pathogens at all concentrations tested. The MinElute 

performed best in terms of purity. Cycle threshold (Ct) values were similar for both the 

commercial kits and significantly better than TRIzol® the majority of the time.  

 

 

                                                           
h Sphericity is the assumption that all the variances between the groups being measured are equal.  
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Table 6.3. Comparison of different extraction methods for extracting nucleic acid from RNA and DNA viruses and Gram positive and Gram negative bacteria. 

                              Ct value (mean +/- sd) 

p value for pairwise 

comparisons with bonferroni 

correction                        260/280 (mean +/- sd) 

p value for pairwise 

comparisons with bonferroni 

correction                        260/230 (mean +/- sd) 

p value for pairwise 

comparisons with bonferroni 

correction 

  TRI CAD MIN 

p 

value 

MIN vs 

TRI 

CAD vs 

TRI 

MIN vs 

CAD TRI CAD MIN 

p 

value 

MIN vs 

TRI 

CAD vs 

TRI 

MIN vs 

CAD TRI CAD MIN 

p 

value 

MIN vs 

TRI 

CAD vs 

TRI 

MIN vs 

CAD 

Haemophilus influenzae 
2.42 x 108 
cfu/ml 

33.85 +/- 
6.15 

33.77 +/- 
0.77 

30.8 +/- 
1.36 0.279 0.799 1 0.009 

1.88 +/-
0.05 

2.43 +/-
0.16 

3.02 +/-
0.06 0.001 0.01 0.051 0.133 

1.62 +/- 
0.1 

2.52 +/- 
0.7 

2.77 +/-
0.28 0.105 0.041 0.559 1 

1.2 x 107 
cfu/ml 

38.86 +/-
2.48 

39.93 +/- 
0.53 

37.36 +/-
1.16 0.127 0.999 0.809 0.034 

1.74 +/-
0.03 

3.56 +/-
0.84 

3.3 +/- 
0.03 0.073 0.001 0.183 1 

0.72 +/-
0.24 

2.14 +/-
0.31 

2.83 +/-
0.18 <0.001 0.02 0.041 0.094 

6 x 105 
cfu/ml 

43.96 +/- 
0.48 

44.55 
(n/a)** 

42.8 +/- 
0.56 n/a n/a n/a n/a 

1.78 +/-
0.19 

3.59 +/-
0.14 

3.26 +/- 
0.0 <0.001 0.017 0.005 0.159 

0.47 +/-
0.05 

3.34 +/-
0.49 3 +/- 0.11 <0.001 0.002 0.023 0.998 

3 x 104 
cfu/ml* nd nd 

43.62 
(n/a)** n/a n/a n/a n/a 

1.7 +/- 
0.06 

3.44 +/-
0.19 

3.28 +/-
0.14 0.01 0.042 0.197 1 

0.48 +/- 
0.0 

2.85 +/-
0.78 

3.2 +/- 
0.06 0.042 0.032 0.44 1 

Streptococcus pneumoniae 
1.5 x 107 
cfu/ml 

21.41 +/- 
1.37 

19.64 +/- 
0.28 

18.58 +/- 
0.87 0.032 0.103 0.092 0.174 

1.84 +/-
0.08 

2.79 +/-
0.01 

2.89 +/-
0.35 0.005 0.096 0.006 1 

1.25 +/-
0.27 

2.77 +/-
2.22 

2.14 +/-
0.35 0.439 0.354 1 1 

1.5 x 104 
cfu/ml* 

34.06 +/- 
0.6 

31.4 +/- 
0.3 

30.74 +/- 
0.39 <0.001 0.005 0.012 0.086 

1.3 +/- 
0.18 

3.07 +/-
0.13 

2.94 +/-
0.44 0.047 0.501 0.236 1 

0.67 +/- 
0.4 

2.88 +/-
0.18 

1.88 +/-
0.06 0.037 0.494 0.35 0.171 

1.5 x 101 
cfu/ml 

42.18 +/- 
0.87 

39.78 +/- 
1.0 

38.53 +/- 
0.54 <0.001 <0.001 0.003 0.034 

1.52 +/-
0.21 

4.34 +/-
1.85 

2.73 +/-
0.34 0.1 0.124 0.404 0.911 

0.67 +/-
0.19 

1.49 +/-
0.96 

2.17 +/-
0.35 0.128 0.061 1 1 

HSV-1 

4.4 x 107 
pfu/ml 

17.67 +/- 
1.0 

16.1 +/-
1.0 

13.32 +/- 
1.0 <0.001 0.003 0.272 0.002 1.92 

2.02 +/- 
0.1 

2.46 +/-
0.53 0.006~ n/a n/a n/a 1.29 

1.21 +/-
0.53 

2.43 +/-
0.06 0.066~     

4.4 x 104 
pfu/ml 

31.69 +/-
2.21 

27.15 +/- 
0.6 

25.84 +/- 
1.7 0.001 0.022 0.005 0.626 

1.76 +/-
0.02 

2.52 +/-
0.16 

3.01 +/-
0.14 <0.001 0.009 0.038 0.017 

0.02 +/-
1.25 

1.01 +/-
0.99 

2.12 +/-
0.27 0.184 0.195 1 0.794 

4.4 x 101 

pfu/ml 
40.33 +/- 
1.74 

36.92 +/- 
1.42 

36.29 +/- 
2.39 0.017 0.168 0.023 1 

1.73 +/-
0.05 

2.94 +/-
0.13 

3.11 +/-
0.17 0.001 0.025 0.013 1 

0.48 +/-
0.35 

2.18 +/-
1.05 

2.78 +/-
0.54 0.03 0.012 0.306 1 

EV71 

4.8 x 105 
pfu/ml 

28.28 +/- 
1.23 

21.86 +/- 
1.68 

20.62 +/- 
0.92 <0.001 <0.001 <0.001 0.321 

1.79 +/- 
0.1 

2.3 +/- 
0.1 

3.11 +/-
0.16 0.001 0.037 0.068 0.051 

0.58 +/-
0.06 

0.97 +/-
0.76 

2.28 +/-
0.43 0.047 0.078 1 0.623 

4.8 x 104 
pfu/ml 

37.33 +/- 
3.68 

26.45 +/- 
0.76 

24.12 +/- 
1.01 <0.001 0.006 0.014 0.106 

1.88 +/-
0.02 

2.04 +/- 
0.2 

3.12 +/-
0.16 0.002 0.017 0.885 0.088 

0.52 +/-
0.02 

0.66 +/- 
0.3 

2.61 +/-
0.32 0.002 0.026 1 0.092 

4.8 x 103 
pfu/ml 

39.1 +/- 
1.39 

30.67 +/- 
1.75 

27.93 +/- 
1.04 <0.001 <0.001 <0.001 0.107 

1.94 +/-
0.28 

2.74 +/-
0.61 

3.23 +/-
0.01 0.017 0.044 0.2 0.88 

0.54 +/-
0.19 

1.29 +/-
0.59 

3.12 +/-
0.11 0.001 0.007 0.249 0.09 

4.8 x 101 
pfu/ml* 

38.16 +/- 
7.88 

35.89 +/- 
0.85 

33.78 +/- 
2.02 0.519 1 1 0.486 

1.5 +/- 
0.4 

3.06 +/-
0.39 

3.25 +/-
0.06 0.036 0.352 0.012 1 

0.8 +/- 
0.29 

0.3 +/- 
0.01 

3.42 +/-
0.06 0.01 0.182 0.253 0.085 

Values are mean values of triplicates extracted and duplicates amplified; p values are comparison across all 3 extraction methods using a one way ANOVA with repeated measures.  
Ct - Cycle threshold; TRI - Trizol LS; CAD - Qiagen Cador pathogen kit; MIN - Qiagen viral minelute kit; pfu - plaque forming units; cfu - colony forming units; nd - not detected; HSV-1 - herpes simplex virus type 1; EV71 - enterovirus 71 

* extracted in duplicate only**one sample detected only~ t - test between CAD and MIN 
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Figure 6.1 Ct values for serial dilutions of viral and bacterial pathogens using 
3 different nucleic acid extraction methods. 
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A repeated measures ANOVA determined that the Ct value differed significantly between 

methods of extraction for CSF spiked with HSV-1 at a concentration of 44,000,000, 44,000 

and 44 pfu/ml (p=<0.001, 0.001 and 0.017 respectively). A Bonferroni correction revealed 

statistically significant differences between MinElute and both TRIzol® (p=0.003) and cador 

(p=0.002) at the highest concentration of 44,000,000 pfu/ml. There was no difference 

between TRIzol® and cador (p=0.272). At 44,000 pfu/ml there was no statistically significant 

differences between the two Qiagen kits but both kits had a statistically significant difference 

from TRIzol® LS extraction (p=0.005 for the cador kit and 0.022 for the MinElute kit).  At the 

lowest concentration of 44 pfu/ml there was no difference in the mean Ct between the cador 

kit and MinElute (p=1.0), there was a statistically significant difference between TRIzol® and 

cador (p=0.023) but not between TRIzol® and MinElute (p=0.168).  

For CSF spiked with EV71 at a concentration of 480,000 pfu/ml there was a significant 

difference between all methods of extraction (p=<0.001). The Bonferroni correction showed 

highly significant differences between both the cador and MinElute kits compared with 

TRIzol® (p=<0.001 for both). The cador and MinElute kits were equivalent in their ability to 

extract EV71 RNA at this concentration (p=0.321). At a concentration of 48000 pfu/ml there 

was again a highly significant difference overall (p=<0.001) with no difference between the 

kits (p=0.106) but significant differences between TRIzol® and both cador and MinElute 

(p=0.014 and 0.006 respectively). The same picture is seen at the lower concentration of 

4,800 pfu/ml but no difference was seen at the lowest concentration of 48 pfu/ml (p=0.519).  

For CSF spiked with S. pneumoniae there was a similar picture. At the highest concentration 

of 15,000,000 cfu/ml there was a significant difference between all extraction methods 

(p=0.032) although a bonferroni correction and pairwise comparison did not reveal any 

significant differences between the pairs of methods used. At the lower concentrations of 

15,000 cfu/ml and 15 cfu/ml there was again a highly significant difference between all 
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methods (p=<0.001 for both concentrations). At 15,000 cfu/ml both kits performed 

significantly better than TRIzol® (p=0.012 for cador and 0.005 for the MinElute). There was 

no statistical difference between the kits (p=0.086). At 15 cfu/ml the MinElute performed 

the best and was statistically better than both the cador kit and TRIzol® (p=0.034 and <0.0001 

respectively).  

Finally in the CSF spiked with H.influenzae at the highest concentration there was no 

significant difference between the extraction methods (p=0.279). The pairwise comparison 

did show a significant difference between the MinElute and the cador kit (p=0.009) with no 

difference between the MinElute and TRIzol® (p=0.799) – this is possibly due to the marked 

variation in the results obtained with TRIzol®. At the concentration of 12,000,000 cfu/ml 

there was also no statistical difference between the methods (p=0.127). Again the pairwise 

comparison suggested a better performance of the MinElute compared with the cador kit 

(p=0.034). At the lower concentrations the cador kit only detected the H.influenzae once at 

600,000 cfu/ml out of the 6 replicates. Neither the cador kit nor TRIzol® detected 

H.influenzae at the lowest concentration of 30,000 cfu/ml.  

To measure the purity of extraction the ratios of absorbance at 260nm and 280nm as well as 

at 260nm and 230nm were measured using spectrophotometry. The MinElute kit performed 

best for HSV-1 spiked CSF at 4.4 x 104 pfu/ml (p=<0.001). Bonferroni correction showed it 

performed significantly better than both TRIzol® (p=0.009) and the cador kit (p=0.017). At 44 

pfu/ml there was again a significant difference between all three methods (p=0.001) and 

both kits performed better than TRIzol® (p=0.013 for the cador kits and 0.025 for MinElute).  

In CSF spiked with EV71 at a concentration of 4.8 x 105 pfu/ml the MinElute again performed 

the best (p= 0.001 across all three methods). The Bonferroni correction confirmed the 

MinElute to be superior to TRIzol® (p=0.037) and trending toward superiority when 

compared with the cador (p=0.051). A similar picture was seen at both 4.8 x 104 pfu/ml and 
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4.8 x 103 pfu/ml. At the lowest concentration there was still a significant difference across all 

methods (p= 0.036) but no differences found between the two kits (p=1.0). There was a 

significant difference between TRIzol® and the cador kit (p=0.012) but not between the 

MinElute and TRIzol® (p=0.352). There were only two measurements for the TRIzol® which 

may account for the non-significance. TRIzol® was significantly worse with the CSF spiked 

with S.pneumoniae (p=0.005 at a concentration of 1.5 x 107 cfu/ml across all three methods). 

This was the same at 1.5 x 104 cfu/ml (p= 0.047) but there was no statistical significance at 

1.5 x 101 cfu/ml (p=0.1). TRIzol® gave the worst 260/280 ratios for CSF spiked with 

H.influenzae at all concentrations which was statistically significant at all concentrations 

except 1.2 x 107 cfu/ml. However, there was a highly statistically significant difference 

between the MinElute kit and TRIzol® at this concentration (p=0.001).  

Taking all the above results together the MinElute was considered to perform the best to 

extract nucleic acid from both RNA and DNA viruses as well as Gram positive and Gram 

negative bacteria. This method was then used in all further experiments.  

6.3.2. Effect of lysis on extraction of pneumococcal DNA 

Chemical lysis with mutanolysin and lysozyme had minimal effect on the Ct value in rtPCR of 

S. pneumoniae spiked CSF (figure 6.2).  
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6.3.3. Effect of time and variable storage conditions on extraction efficacy 
Using cycling protocol A (section 6.2.1 and table 6.1) 100% of CSF samples that had previously 

been shown to be positive with HSV-2 (n=10), S. pneumoniae (n=6) and N. meningitidis (n=4) 

remained positive when I tested them again following a variable length of time in storage 

(between 9 and 45 months). 15/25 (60%) of enteroviral positive samples were still positive. 

0% of VZV positive samples (n=4) were positive when tested using the PCR cycling protocol 

A. Using protocol B 100% of VZV samples were positive (8/8). These results were confirmed 

by repeat rtPCR and gel electrophoresis (figure 6.3). The average Ct for VZV positivity was 47 

cycles. As the Ct’s were so late in order to account for the possibility of non-specific binding 

the samples were run again with known HSV-1 and HSV-2 positive controls as well as samples 

known to be HSV-2 positive. All these samples were negative throughout.  

Using protocol C the proportion of samples previously positive for enterovirus that were still 

positive by rtPCR increased to 96% (24/25). All positive samples had a Ct of less than 42. 

22/24 had Ct values of less than 40. Two had slightly higher values at 40.11 and 41.15. 3 

samples had Ct values between 41.15 and 42 that were not positive on repeat testing or 

duplicate testing.  
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6.3.4. Results of testing clinical samples for a standard panel of pathogens 

Questionnaire responses regarding viral targets 

16 people responded to the online questionnaire. 100% of respondents said enterovirus was 

on their first line testing panel and all but one said herpes viruses (HSV-1, HSV-2 and VZV) 

were also there. 12 respondents (75%) included parechovirus in their first line testing. Two 

people tested mumps virus first line and another two people had EBV and CMV as first line 

targets. In terms of second line testing one person said they would only test for HSV-1 and 2 

if the first line testing was negative (presumably Enterovirus). Three people would test for 

EBV and CMV, two people mumps and one person HHV-6. 15 people responded to the 

question regarding what targets they would like to see on a first line panel. 13 (87%) said 
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they considered HSV-1, HSV-2 and enterovirus to be essential on a first line panel with 12 

(80%) saying VZV should also be on there. 10 people (67%) thought Parechovirus should be 

tested for first line and two people (13%) suggested mumps virus also. In terms of desired 

second line pathogens most people (8/12) wanted CMV and EBV and 5 people wanted 

mumps and HHV-6. 1 person would have VZV as a second line target as opposed to first line 

and 2 people wanted parechovirus on the second line panel. The majority of respondents 

used multiplex PCR (75%) and most used an in-house design (9/12) rather than a commercial 

kit (3/12). In the space for free text comments one person commented that 

“we feel that molecular testing should be pan-microbial (viruses, bacteria, 

fungi etc.) and syndromic – i.e. neonatal, immunocompromised etc.…”. 

Using the information from the questionnaires and the frequency of pathogens in the UK 

meningitis study I determined the panel of pathogens to be tested. The top six causes of 

meningitis in the UK meningitis study were Enterovirus, HSV-2, and VZV, S. pneumoniae, 

N.meningitidis and H. influenzae. Therefore, these targets made up our first line panel.  The 

other viral targets mentioned were tested if there was enough CSF or DNA/RNA remaining 

along with other bacterial targets.  

96 CSF samples with a CSF white cell count of >4 x 106 cells/L and no pathogen identified, 

were available for analysis. There were no significant differences in baseline demographics 

between those patients who had samples available and those who didn’t (table 6.4). All 96 

samples were tested for S.pneumoniae, N. meningitidis and H. influenzae using multiplex PCR 

(FastTrack Diagnostics, Luxemburg). All samples that had not been tested for viral pathogens 

when the patient was ill, were tested for HSV-2, VZV and enterovirus by singleplex PCR 

(n=11). 82/96 samples were also tested for group B Streptococcus, L. monocytogenes, E. coli, 

mumps virus, CMV, adenovirus and EBV using multiplex PCR (FastTrack Diagnostics, 

Luxemburg). There was insufficient sample or DNA to test the other 14 samples. In addition 
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75/96 samples were tested for Enterovirus using my adjusted protocols and singleplex PCR 

and 64/96 for VZV. Multiplex PCR was attempted for the viral pathogens but despite multiple 

attempts, using different kits, the runs were invalid due to a positive curve in the negative 

control (further explained below).  

Table 6.4 Baseline demographics for patients with and without samples available for PCR testing. 

  

Samples available 

(n=93*) 

Samples not available 

(n=207) p value 

Percentage female 63 60 0.7 

Duration of symptoms (days) 73 [25,138] 73 [24,138] 0.8 

Lymphocytic meningitis 71 (65/91) 65 (134/206) 0.3 

CT before LP 12 (9/78) 10 (17/166) 0.76 

Age 34 [25,45] 33 [26,49] 0.9 

GCS 15 [15,15] 15 [15,15] 0.7 

CSF WCC 104 [31,280] 81 [24,255] 0.2 

Number of doses of antibiotics before LP 1 [1,3] 1 [0,2] 0.01 

Duration of admission (days) 6 [4,10] 6 [3,12] 0.7 

Charlson co-morbidity score 0 [0,0] 0 [0,0] 0.5 

Numbers are median [IQR] for continuous data and percentage (n/N) available for categorical data 

* 3 samples had insufficient data to analyse 

 

Multiplex testing for viral pathogens 

Initially I had planned to use multiplex kits to test for all pathogens in order to be time and 

sample efficient. However, problems ensued meaning the viral targets had to be detected 

using singleplex PCR. Initially I tested the viral meningitis multiplex kit using the previously 

spiked CSF (section 6.3.1). I used the CFX connect (dual channel) PCR machine and so could 

only determine four of the six targets. As can be seen from table 6.5 (experiment 1) 

everything was positive for HSV-1 including the negative control and samples spiked with 

Enterovirus. Additionally the negative control had a late positive for Enterovirus and some 

of the HSV-1 spiked samples were flagging positive for HSV-2. Most of the false positives had 

relatively high Ct values, greater than 32 cycles. Assuming there was contamination I went 

on to repeat the experiment with new samples of spiked CSF (experiment number 2, table 
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6.5). This time all the samples flagged positive for all targets (except parechovirus). Again the 

false positives tended to present later than the true positives – the negative controls had a 

lower Ct value than the positive controls. I then repeated this experiment (using samples 

from both previous attempts) but also tested with my singleplex primers (experiment 

number 3, table 6.5). There were no false positive results using the singleplex primers. The 

results using the multiplex kits were similar as before – everything positive except for 

parechovirus. I then went on to test some known positive and negative samples with similar 

results (experiment number 4, table 6.5). Next I repeated the experiments just using the kit’s 

extracted negative control (I used two negative controls from two separate kits) and a no 

template control (containing nuclease free water). This had the same results –everything was 

positive for everything, except parechovirus which has been consistently negative (apart 

from the positive control).  

My next step was then to ask an experienced post-doctoral scientist in our group to repeat 

the experiments. She obtained the same erroneous results. At this point I sent the kits back 

to the manufacturer – they tested them and noted the same problems. They also tested an 

unopened kit from the same batch with no false positives. I then repeated the experiment 

with just the negative controls with another unopened kit that we had but was still getting a 

positive curve in the negative control. Finally I repeated the experiment using the negative 

controls from three new unopened kits (experiment 5, table 6.5). I also used entirely new 

reagents including the extraction kit buffers and reagents. All positive controls and internal 

controls were valid. The negative control had a positive curve for HSV-1, HSV-2, mumps and 

Enterovirus. VZV and parechovirus were negative. All false positives had a Ct value of greater 

than 32 and all true positive had a Ct value of less than 32 (apart from the mumps positive 

control which was 32.52).  
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I was concerned that there might have been general laboratory contamination with HSV-1 

DNA - the predominant pathogen my research group works with. However, as far as I am 

aware no-one has previously worked with mumps virus or mumps DNA and the parechovirus 

targets were consistently correct. These facts seemed to go against contamination being the 

issue. Additionally, all the other multiplex kits from the same manufacturer had no problems 

with false positives – which helps rule out operator error. As a result I swabbed the bench 

and tested that with the kit. The run again was invalid as the negative controls were positive 

for HSV-2 and HSV-1. The samples from the bench also had positive curves for HSV-1, HSV-

2, and Enterovirus and mumps virus. Parechovirus and VZV were negative (these targets are 

detected at different wavelengths). Whilst it was possible that the bench was contaminated 

with herpes or enterovirus it seemed highly unlikely that it was contaminated with mumps 

virus. Again all the false positive results were above a Ct of 32 and most (but not all) of the 

true positives were lower than this.  

Finally I attempted to use a different commercial kit (Werfen viral meningitis kit). However, 

similar problems ensued. It was suggested that there might be an issue with fluorescence 

bleed through from neighbouring channels because the Ct values of the true positives were 

very low. At this point, as my primary question was to determine what pathogens, if any, 

were present in the samples, and not to optimise any commercial kits, I decided to just use 

the singleplex primers to look for HSV-2, Enterovirus and VZV.  

A summary of the results of these experiments can be seen in table 6.5. All curves were 

checked visually to ensure exponential increases corresponding to Ct values.  
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Table 6.5 Summary of experiments to evaluate viral meningitis multiplex kits               

Experiment 

number 

Multiplex 

PCR Kit 

used Sample I--------------------------------------------------Target (Ct value)----------------------------------------I PCR instrument used 

      HSV-1 HSV-2 

HSV 

(untyped) VZV MV EV Par   

1 FTD VM EV71 RNA 27.56 ND       20.44 ND CFX Connect  (dual channel only) 
  CSF spiked with EV71 4.8 x 101 pfu/ml 36.28 ND       27.99 ND CFX Connect  (dual channel only) 

  CSF spiked with EV71 4.8 x 103 pfu/ml 36.4 ND       23.52 ND CFX Connect  (dual channel only) 
  CSF spiked with EV71 4.8 x 105 pfu/ml 36.1 ND       16.9 ND CFX Connect  (dual channel only) 
  HSV-1 DNA 10.21 ND       ND ND CFX Connect  (dual channel only) 
  CSF spiked with HSV-1  4.4 x 101 pfu/ml 28.46 35.46       ND ND CFX Connect  (dual channel only) 
  CSF spiked with HSV-1  4.4 x 104 pfu/ml 20.17 ND       ND ND CFX Connect  (dual channel only) 
  CSF spiked with HSV-1  4.4 x 107 pfu/ml 9.49 ND       ND ND CFX Connect  (dual channel only) 
  NC 32.04 ND       39.31 ND CFX Connect  (dual channel only) 
    PC 29.22 27.69       31.56 27.84 CFX Connect  (dual channel only) 

2 FTD VM CSF spiked with EV71 23.21 25.68       23.92 ND CFX Connect  (dual channel only) 
  CSF spiked with HSV-1  13.26 27.13       27.08 ND CFX Connect  (dual channel only) 
  CSF spiked with HSV-2 21.96 13.07       27.11 ND CFX Connect  (dual channel only) 
  NC 20.49 24.12       23.17 ND CFX Connect  (dual channel only) 
    PC 29.42 29.37       31.66 29.88 CFX Connect  (dual channel only) 

3 FTD VM CSF spiked with HSV-1  12.34 27.44       26.08 ND CFX Connect  (dual channel only) 
  CSF spiked with HSV-2 22.24 13.5       26.18 ND CFX Connect  (dual channel only) 
  CSF spiked with EV71 22.67 26.26       22.98 ND CFX Connect  (dual channel only) 
  EV71 from experiment 1 34.48 ND       17.75 ND CFX Connect  (dual channel only) 
  HSV-1 from experiment 1 12.14 ND       ND ND CFX Connect  (dual channel only) 
  NC 19.64 24.47       22.27 ND CFX Connect  (dual channel only) 
    PC 28.45 29.26       30.44 30.79 CFX Connect  (dual channel only) 

4 FTD VM 304 (sample known to be positive for EV) 26.65 29.23       28.61 ND CFX Connect  (dual channel only) 
  491 (sample known to be positive for EV) 26.81 28.98       28.51 ND CFX Connect  (dual channel only) 
  273 (sample known to be negative for EV) 28.32 29.85       30.31 ND CFX Connect  (dual channel only) 
  290 (sample known to be negative for EV) 27.05 29.4       28.9 ND CFX Connect  (dual channel only) 
    PC 28.47 28.92       32.19 ND CFX Connect  (dual channel only) 
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Table 6.5 cont’d. Summary of experiments to evaluate viral meningitis multiplex kits 

Experiment 

number 

Multiplex 

PCR Kit 

used Sample I---------------------------------------Target (Ct value)----------------------------------------------------I PCR instrument used 
5 FTD VM extracted NC from kit number 1 32.73 37.23   ND 37.88 39.71 ND CFX 96  (6 channels) 
  extracted NC from kit number 2 32.5 36.87   ND 37.11 35.57 ND CFX 96  (6 channels) 
  extracted NC from kit number 3 32.56 35.48   ND 38.03 36 ND CFX 96  (6 channels) 
    NTC 39.25 ND   ND 38.04 ND ND CFX 96  (6 channels) 
6 Werfen VM Echo 6     28.82 34.37   16.71   CFX 96  (6 channels) 
  HSV-1     7.89 ND   ND   CFX 96  (6 channels) 
  HSV-2     14.6 29.02   37.99   CFX 96  (6 channels) 
  VZV     28.09 18.94   ND   CFX 96  (6 channels) 
  PC     27.67 26.76   31.51   CFX 96  (6 channels) 
    NTC     ND ND   ND   CFX 96  (6 channels) 
Results in red are false positives.  Highlighted yellow cells are true positives.          

HSV - Herpes simplex virus; VZV - varicella zoster virus; MV - mumps virus; EV - enterovirus; par - parechovirus; Ct - cycle threshold; FTD VM - Fast Track Diagnostics Viral meningitis multiplex PCR kit; 

Werfen VM - Werfen viral meningitis Multiplex PCR kit; NTC - No template control; NC - negative control; PC - positive control; echo 6 - echovirus 6; ND – not detected. 

All experiments were done in duplicate, replicates not shown. Not all experiments shown.        
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Despite the problems encountered with the viral multiplex kits all the other multiplex PCRs 

had valid results. In view of the issues I had with the viral kits I tested all the negative controls 

from the other kits initially before using them on samples. There were no false positives. All 

positive results were checked either by testing in replicates or using singleplex PCR (if both 

replicates were positive they were also retested by singleplex PCR). There were several false 

positives, mostly for S. pneumoniae (n=8, 8%). There were 2 false positive for N.meningitidis 

and none for H. influenzae. Where replicates were performed all were negative, if a replicate 

was not performed the singleplex PCR was negative. All false positives had a Ct value of >36. 

Optimising the multiplex kits 

Due to the relatively large volume of DNA required for the commercial multiplex kits (10μl) I 

evaluated whether using less DNA (5μL and 8μL), using CSF spiked with S. pneumoniae,  

would result in satisfactory results.  There was minimal difference between the higher and 

lower volumes at both low and high concentrations; therefore I used 5μL of DNA with 5μL of 

nuclease free water for the remainder of experiments using the FTD kits (figure 6.4).  

  

                    

Results from the rest of the multiplex PCR testing revealed two samples to be positive. One 

for S.pneumoniae and one for H.influenzae. Samples positive by multiplex were confirmed 

with singleplex PCR. The patient who had a positive sample for H.influenzae had, in 

retrospect, had a positive blood culture for H.influenzae when they were ill. No samples were 

10μl S.pneumoniae DNA at 1.5 x 10
7
cfu/ml (Ct = 16.1)  

8μl S.pneumoniae DNA at 1.5 x 10
7
cfu/ml (Ct = 16.4 

5μl S.pneumoniae DNA at 1.5 x 10
7
cfu/ml (Ct = 17.74) 

5μl S.pneumoniae DNA at 1.5 x 10
1
cfu/ml (Ct = 33.38) 

10 and 8μl S.pneumoniae DNA at 1.5 x 10
1
cfu/ml (Ct = 32.4) 

Positive Control 

Figure 6.4 Difference between 10, 8 and 5μl of DNA using CSF spiked with S. pneumoniae at two 
different concentrations using FTD kits 
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positive for group B Streptococcus, L.monocytogenes, E.coli, mumps virus, CMV, adenovirus, 

EBV or HSV.  

Using singleplex PCR one sample was identified as VZV positive and a further four samples as 

enterovirus positive. There were some late positives (>40 cycles) for enterovirus using this 

protocol but they were either not positive in replicate or on repeat testing. All but one of the 

samples that were deemed to be positive were positive in replicate and on repeat testing. 

Sample number 0863 was only tested once but had a Ct of 36.24. All of the false positives 

had a Ct >40. Using the results from my previous experiment in section 6.3.3 any sample with 

a Ct value of <40 was consistent with a positive result, if the Ct value was above 43 they were 

automatically deemed negative and any with a Ct value between 40 and 43 were retested 

and if not consistently positive called negative.  

In total seven CSF samples from the original 96 were found to be positive for a pathogen (7%) 

that had not previously been identified. This left 89/96 still without an aetiological diagnosis. 

6.3.5 Proxy markers for estimating cause of meningitis 

In chapter 4 I showed that, in my cohort of patients, the best two proxy methods for 

differentiating bacterial meningitis from viral meningitis were the diagnostic scoring 

algorithm, the Meningitest, and the percentage of neutrophils in the CSF. The Meningitest 

had a diagnostic accuracy of 92% with a PPV of 81% and a NPV of 96% for diagnosing bacterial 

meningitis. The CSF neutrophil percentage had an AUC of 0.93. A cut off of >49% for 

diagnosing bacterial meningitis had a specificity of 90% and sensitivity of 82%.   Using these 

methods I estimated how many of the remaining 89 samples were likely to be viral in nature 

and how many might be bacterial. Initially I used the Meningitest. Only 57/89 samples (64%) 

had sufficient data to work out the Meningitest. Applying this scoring system to these 57 

samples predicted 11/57 (19%) to be bacterial meningitis and 47/57 (81%) to be viral. Using 

the proportion of neutrophils in the CSF - I estimated 15/89 (17%) would be bacterial.  
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Finally I wanted to evaluate the use of CSF procalcitonin as a marker for bacterial infection 

and then use it to estimate how many were likely viral and how many bacterial. Before testing 

on the remaining 89 samples I tested on CSF from patients with known bacterial meningitis, 

viral meningitis and some who did not have meningitis using a procalcitonin ELISA 

(Thermofisher). This was to establish a suitable cut off to use to diagnosis bacterial meningitis 

in the unknowns. The ELISA had not been validated for CSF. For serum samples there was a 

recommendation to dilute the sample 1:1 with the provided diluent. Therefore, I initially 

tested CSF samples both neat and diluted. The majority of diluted samples did not give a 

detectable result, therefore neat samples were used. There was a significant difference 

between the patients with bacterial meningitis and those with viral meningitis (p=0.006, 

figure 6.5). However the CSF procalcitonin did not have sufficient diagnostic accuracy to 

differentiate bacterial meningitis from those that did not have bacterial meningitis (figure 

6.5). The area under the curve was reasonable at 0.81 (95% CI 0.64-0.97 p=0.0071) but to 

achieve a specificity of over 80% the sensitivity was less than 62%. A range of sensitivities 

and specificities are shown in table 6.6. A procalcitonin concentration of >52.37pg/ml had a 

100% specificity for diagnosing bacterial meningitis but only a 62% sensitivity. As it was likely 

that only a minority of the samples would be bacterial this was not taken forward to be used 

on the unknowns. 
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There was no significant difference between the mean concentration of procalcitonin in the 

culture positive bacterial meningitis cases (n=5) and the culture negative cases (n=8) 

(52.49pg/ml versus 59.04pg/ml, p=0.72). The mean procalcitonin concentration in those that 

had antibiotics before CSF sampling (n=9) was significantly higher than those who had not 

(n=4) (63.21pg/ml versus 34.24pg/ml p=0.03).  
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Figure 6.5 CSF Procalcitonin levels in bacterial and viral meningitis. 
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Table 6.6 Range of specificities and sensitivities for CSF procalcitonin to diagnose bacterial meningitis 

          

CSF PCT cut off (pg/ml) Sensitivity 95% CI Specificity 95% CI 

> 30.32 100 75.29% to 100% 7.692 0.1946% to 36.03% 

> 30.71 100 75.29% to 100% 15.38 1.921% to 45.45% 

> 31.36 100 75.29% to 100% 23.08 5.038% to 53.81% 

> 31.87 100 75.29% to 100% 30.77 9.092% to 61.43% 

> 32.57 92.31 63.97% to 99.81% 30.77 9.092% to 61.43% 

> 33.29 92.31 63.97% to 99.81% 38.46 13.86% to 68.42% 

> 33.5 84.62 54.55% to 98.08% 38.46 13.86% to 68.42% 

> 33.95 84.62 54.55% to 98.08% 46.15 19.22% to 74.87% 

> 34.32 84.62 54.55% to 98.08% 53.85 25.13% to 80.78% 

> 34.69 84.62 54.55% to 98.08% 61.54 31.58% to 86.14% 

> 35.53 76.92 46.19% to 94.96% 61.54 31.58% to 86.14% 

> 36.11 69.23 38.57% to 90.91% 61.54 31.58% to 86.14% 

> 36.32 61.54 31.58% to 86.14% 61.54 31.58% to 86.14% 

> 37.44 61.54 31.58% to 86.14% 69.23 38.57% to 90.91% 

> 38.99 61.54 31.58% to 86.14% 76.92 46.19% to 94.96% 

> 43.4 61.54 31.58% to 86.14% 84.62 54.55% to 98.08% 

> 49.75 61.54 31.58% to 86.14% 92.31 63.97% to 99.81% 

> 52.37 61.54 31.58% to 86.14% 100 75.29% to 100% 

> 53.68 53.85 25.13% to 80.78% 100 75.29% to 100% 

> 58.75 46.15 19.22% to 74.87% 100 75.29% to 100% 

> 62.92 38.46 13.86% to 68.42% 100 75.29% to 100% 

> 64.33 30.77 9.092% to 61.43% 100 75.29% to 100% 

> 69.12 23.08 5.038% to 53.81% 100 75.29% to 100% 

> 91.75 15.38 1.921% to 45.45% 100 75.29% to 100% 

> 113.9 7.692 0.1946% to 36.03% 100 75.29% to 100% 

CSF - cerebrospinal fluid; PCT - procalcitonin. 

 

6.4 Discussion 

PCR has been the gold standard for diagnosing viral pathogens in the CSF for several years.107 

It is also increasingly necessary in the diagnosis of bacterial meningitis as patients are having 

antibiotics before LP. PCR has been shown to increase the pathogen detection rate.330 In one 

study 52.3% of meningitis cases were diagnosed with PCR compared to only 7.3% by 

culture.331 In England over half of meningococcal disease is diagnosed by PCR alone.313  

Despite the advantage of molecular diagnostics many patients in the UK meningitis study did 
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not have PCR performed on their CSF. Viral PCR was performed more often than bacterial 

but only 80% of patients with suspected viral meningitis had this key investigation. Molecular 

methods also, theoretically, allow for a much speedier result than culture. Within the 

framework of the NHS this is not always the case. Often microscopy and culture will be done 

on site, but PCR may be sent to a regional or reference laboratory. Here samples are often 

batched for testing and may not be performed seven days a week. In an extreme case if the 

LP was performed on a Thursday evening, the CSF would be sent to the reference laboratory 

on the Friday and probably not tested until the Monday. Thus the rapidity of PCR technology 

can be negated by the time taken for transportation of samples and relaying of results back 

to the clinician. 

There has been a move in recent years to syndromic testing within infection diagnostics. This 

means testing for multiple pathogens that might be responsible for a particular clinical 

presentation at the same time. This is reflected in the syndromic algorithm published by 

Public Health England for diagnosis of meningoencephalitis.332 This algorithm suggests 

performing PCR on CSF for enteroviruses, HSV-1, HSV-2, VZV and N meningitidis in 

immunocompetent adults. The new UK guidelines on the management of meningitis also 

suggest testing for S pneumoniae.228 In order to do this testing we need to know we have 

appropriate methods that will both extract and detect the relevant pathogen’s nucleic acid.  

I have demonstrated that the Qiagen viral MinElute extraction kit can be used to accurately 

identify both viral and bacterial nucleic acid and that using the correct PCR parameters most 

samples will remain positive after several years of variable storage. I also showed that by 

testing for a comprehensive panel of pathogens the diagnostic yield can be increased, albeit 

only slightly. I have also shown that CSF procalcitonin was not an accurate diagnostic tool to 

differentiate between viral and bacterial meningitis. As shown in chapter 4 simple laboratory 

parameters, such as CSF neutrophil percentage, have better diagnostic accuracy. 
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As clinical features are unable to differentiate between viral and bacterial meningitis it is 

essential to have a system that will be able to diagnose any likely pathogen from a single 

sample. Minimal work has previously been done to show that nucleic acid from RNA viruses, 

DNA viruses, Gram positive and Gram negative bacteria can all be recovered from CSF using 

the same extraction method. Here I have shown that these commercial kits can do this 

without the added step of lysis. Prior to this I was relatively inexperienced in molecular 

methods and it is possible that in more experienced hands the organic methods may have 

been just as successful. However, for use in NHS laboratories the kits have many advantages. 

They are safer, quicker and easier to use for other inexperienced personnel. There are many 

other commercial kits and extraction methods available that are also likely to be effective in 

extracting DNA and RNA from a wide range of organisms in the CSF. Recently the DNA mini 

kit from Qiagen has effectively extracted both viral and bacterial DNA and RNA.323 The 

benefits of incorporating a system that can extract all relevant nucleic acid for a busy 

diagnostic laboratory are primarily those of time and cost savings. This should, theoretically, 

also lead to quicker diagnosis and potentially discharge for the patient. Thus, saving the NHS 

money as highlighted in chapter 3. 

Before incorporating any new methods into routine practice there should be preliminary 

validation work, such as this, which confirms that the target organisms can be identified. 

Limitations of this experiment include the fact that the spiked CSF may not be entirely 

reflective of CSF in cases of meningitis, not least as it did not have any inflammatory cells. 

However, in order to allow differing concentrations of organism using spiked CSF was the 

best option. Improved results might also be achieved with larger input and smaller elution 

volumes, these variables were not evaluated in my experiments. Some Gram positive 

organisms have a thicker cell wall, such as S. aureus and M. tuberculosis and may not be as 

amenable to extraction without lysis. However both of these organisms are rare in cases of 
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acute bacterial meningitis (accounting for 0% and 2% respectively in my cohort from chapter 

3). If either are a possibility a chemical or physical lysis step should be strongly considered. 

Having identified the optimal extraction method I wanted to identify how many samples I 

might expect to still be positive. It is known that nucleic acid is subject to degradation with 

repeated freeze-thaw cycles, which is especially so with RNA viruses.333 The samples had 

been frozen at -70°C once the patient was enrolled in the study. Prior to enrolment the 

storage conditions were unknown. The samples had also been stored for a varying length of 

time (between 9 and 45 months). Once the PCR conditions had been optimised almost 100% 

of pathogens were still identifiable. The Ct value for the known positive VZV CSF was very 

high (median of 47). Many people would not run a thermocycler for this length of time. Given 

that the samples had all tested positive elsewhere, were positive on repeated PCR testing by 

me and showed a consistent product on electrophoresis I am convinced the results are due 

to VZV amplification. There is a possibility that this could represent latent disease. All of these 

patients had a CSF pleocytosis and symptoms suggestive of meningitis. I did not test all the 

other samples for VZV to see if there were any late positives which might be consistent with 

either co-infection or bystander infection. However, there was only one positive in the 64 

samples tested later which would go against this being representative of a dormant virus. 

Additionally as VZV establishes latency in the dorsal root ganglia I would not expect to find it 

as a bystander in the CSF as one might EBV – which establishes latency in B cells. I was unable 

to test the sensitivity of the PCR for VZV as myself and others in the laboratory have been 

unable to successfully grow the virus in cell culture. It is known to be notoriously difficult to 

grow. Although a different virus, the sensitivity of PCR for HSV-1 was low at 44 pfu/ml, with 

a Ct of 37 (using the MinElute extraction kit). Once the annealing temperature was also 

adjusted the sensitivity of the PCR for Enterovirus was also greatly increased.  
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Having established that these PCR protocols could detect almost 100% of pathogens I was 

confident that any negatives identified in the next stage would not be as a result of nucleic 

acid degradation.  

Multiplex PCR allows a convenient and quick method to detect multiple pathogens at one. It 

has also been shown to be more cost effective than traditional methods in some 

conditions.118 Unfortunately I was unable to use the multiplex method for all my samples due 

to the technical difficulties I have described. It is unclear if the problems were with the kits 

or contamination in the laboratory. In order to rule out problems with the kits or personnel 

the manufacturers tested them without issue. In addition I asked a colleague in a different 

laboratory to test them. They also had minimal problems – apart from one false positive for 

mumps. Whilst laboratory contamination might be the issue it doesn’t fully explain the 

problems such as false mumps or VZV positivity – viruses not knowingly present in our 

laboratory. Since I have undertaken these experiments others have also published having 

difficulties with this particular assay.334 This underlies the importance of ensuring rigorous 

testing of any new technology to be introduced to a local laboratory. Establishing a cut-off 

for the bacterial kit would also be useful and avoid several repeat tests. Although I was unable 

to use multiplex PCR for all the testing I have demonstrated that by using a comprehensive 

panel of target pathogens the diagnostic yield can be increased.  

Unfortunately not all patients had CSF available for further diagnostic testing. However, I 

identified a pathogen in 7 of the 96 samples tested (7%) – although one of these had 

previously been identified in a blood culture. Where it could be calculated the Meningitest 

correctly identified these patients to be viral or bacterial meningitis. It could not be calculated 

in two patients (one viral and one bacterial). The percentage of neutrophils in the CSF would 

also have correctly identified those patients. Most importantly the clinical diagnosis and 

treatment was consistent in all cases with the patient with pneumococcal meningitis 
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receiving appropriate durations of antibiotics. Clinical features of these patients are shown 

in table 6.7.  

There are some discrepancies between some of the previous hospital results and my results. 

Largely the demographic and clinical features are consistent with my data from chapter 3 for 

the pathogens identified. Patient number 589 was young and female which is not classical of 

pneumococcal meningitis. However, she had clear evidence of a preceding upper respiratory 

tract infection along with a CSF analysis classical for pneumococcal meningitis. Ear and sinus 

infections are known to be associated with pneumococcal meningitis.44 Interestingly this 

patient had a negative CSF PCR for S. pneumoniae during her admission. Whilst this may be 

a data error as I did not check the source data – I only checked for self-evident errors - it may, 

alternatively, be due to differences in PCR protocols and efficacy. My sample was positive in 

replicate with both the multiplex and singleplex PCRs. Given the correlation with the clinical 

history I am confident that my results are correct. There were three other discrepant results 

for patients 647, 722 and 863. Again these could be data errors or differences in PCR efficacy. 

As I showed earlier adjusting the PCR protocols can make a difference in identifying 

pathogens. All 3 had relatively high Ct values (40.7, 39.4 and 36.2 respectively) that 

potentially could be missed on some PCR protocols. The enteroviral positive results were 

positive in duplicate and/or repeat testing. They were all below my cut off of 42 cycles. The 

VZV was also positive on repeat testing. Two patients in whom I identified enterovirus only 

had herpes PCR testing done at site. This may be because some places will only test for what 

they see as potentially treatable. Data from chapter 3 shows that herpes simplex viruses were 

tested for more often than other viruses.  
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Table 6.7 Clinical features of patients with a pathogen identified on systematic PCR testing 

 

Subject 

ID 

Diagnosis Age Gender Meningitest 

Diagnosis 

Percentage 

neutrophils in CSF 

Diagnostic tests performed during 

admission 

Treatment received Other features Final clinical diagnosis 

during admission 

            

385 Enterovirus 37 Female Viral 5 Only HSV and bacterial PCR performed 

on CSF.  

Stat dose of antibiotics, 2 

days of antivirals 

 

 Viral Meningitis 

547 Enterovirus 18 Female Viral 10 Only HSV PCR performed on CSF 3 days of antibiotics 

 

 Viral Meningitis 

647 Varicella 50 Female n/a 10 Negative viral PCR during admission No antibiotics or antivirals 

 

No rash, CSF:serum glucose 

ratio = 0.44 

Viral Meningitis 

722 Enterovirus 25 Male Viral 1 Negative viral PCR during admission 1 days antibiotics 

 

 Viral Meningitis 

863 Enterovirus 34 Male Viral 11 Negative viral PCR during admission 3 days of antibiotics 

 

 ? Viral meningitis 

589 Pneumococcal 33 Female n/a 60 Negative bacterial PCR during 

admission 

21 days antibiotics Pain in ear; Antibiotics prior to 

admission; Opacification of 

mastoid air cells 

Bacterial meningitis 

PCR - polymerase chain reaction; CSF - cerebrospinal fluid; HSV - herpes simplex virus 
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If I were to extrapolate my 6% diagnostic yield (excluding the patient with known 

Haemophilus influenzae meningitis) to the 267 patients in the UK Meningitis study who did 

not have a cause identified I would anticipate identifying a further 16 pathogens. This would 

equal an increased diagnostic yield of only 3%. Therefore, the majority of cases would still 

have no pathogen identified. Possible explanations include: non-infectious causes of 

meningitis, para-meningeal infection/inflammation, the aetiology is a pathogen not tested 

for routinely, available diagnostic techniques are inadequate, and inappropriate case 

definitions.  

The proportion of patients in the study as a whole with para-meningeal infection or non-

infectious causes was only 3% (20/641) and therefore, it seems unlikely that many of these 

undiagnosed cases were non-infectious in aetiology. The theory that there are novel or 

emerging pathogens that may be causing meningitis also seems unlikely. Others have not 

found this to be the case when undertaking comprehensive diagnostic strategies. A study 

from Taiwan utilised a range of diagnostic strategies including MassTag PCR, a type of 

multiplex PCR that makes use of the molecular weight of a tag attached to the primer to 

identify the organism, 16S rRNA PCR, DNA microarray and high throughput sequencing. From 

131 CSF samples they identified 8 pathogens in 31 samples. The majority of these were EBV.  

The only organism they identified that was not covered by our panel was M. tuberculosis. All 

of the pathogens were identified by either MassTag multiplex PCR or 16S PCR.335 No further 

organisms were identified with using microarray or sequencing. The fact that I did not 

identify any EBV positive cases was slightly surprising as many studies have previously 

identified EBV in CSF although the actual role is uncertain. This may be due to the low 

prevalence of immunosuppression in our cohort. Additionally as I used proprietary kits for 

the EBV testing the primer sequences are unknown to me, therefore, I am unaware of the 

efficiency of the kits.336,337  
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Diagnosis in neurological infection will always be challenging as often we are looking to find 

the causative pathogen in the CSF which represents the easiest sample to obtain, but is not 

necessarily where the microbe is present. A pathological diagnosis from a meningeal biopsy 

would not be appropriate or practical in most cases of a largely non-life threatening illness 

such as viral meningitis. It might be useful in those with chronic or prolonged symptoms of 

meningitis but should be targeted at those with demonstrable meningeal enhancement on 

MRI.338 Although molecular methods have good diagnostic accuracy they can only detect 

nucleic acid if it is present in the sample being tested.  Host responses may provide 

complementary methods of diagnosis. Serology can be useful in confirming aetiological 

agents but is often not useful to provide a diagnosis in a real time situation to guide 

treatment or public health measures. Many studies have looked at cytokine and chemokine 

responses in various infections and neurological infections are no exception.122,123 The ‘omics 

(transcriptomics, proteomics and metabolomics) are also being heavily investigated to 

identify their role in future diagnostics. None of these has translated into clinical practice yet.  

Finally, my case definition may not detect all cases. I have defined meningitis as a CSF 

leucocyte count of >4 x 106 cells/L. The gold standard to diagnose meningitis would be a 

histological diagnosis. In the absence of such material researchers, and clinicians, normally 

use a CSF leukocyte cut-off to define meningitis (accepting that some cases may be missed). 

Some other investigators have used the same cut-off as myself,218,221 others have used >5 x 

106 cells/L5,10,11,98 or >7 x 106 cells/L.134 The majority of patients in my study who did not have 

a pathogen identified had a significant pleocytosis. The median CSF leukocyte count in my 

study was 102.5 x 106 cells/L (IQR 34,280). Only 3 patients had a count <7 x 106 cells/L.  

In an attempt to estimate how many of the remaining undiagnosed cases might be viral or 

bacterial I used the methods identified in chapter 4 as having the best diagnostic accuracy - 

the Meningitest and the differential white cell count in the CSF. Many scoring systems have 
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been published in an attempt to differentiate bacterial meningitis from viral meningitis, or 

normally to indicate high or low risk of bacterial meningitis.130-132,134,136-138 Most of these have 

been tested in children and retrospectively. They all require CSF parameters and so, by 

definition, require an LP to have been performed. The Meningitest demonstrated excellent 

sensitivity and specificity in the UK Meningitis study population (see chapter 4). 

Unfortunately it is limited by the need to have a concurrent blood glucose, and only 42% of 

the UK meningitis cohort had that. Despite these limitations using this score I estimated that 

a fifth of the cases used in the experiments in this chapter, where no pathogen was identified 

(and where the score could be calculated), were likely to be bacterial. Using the CSF 

neutrophil percentage (which could be performed on all patients) gave a similar estimation 

for the proportion of patients with bacterial meningitis at 17%.  

Serum procalcitonin has been reported to have excellent diagnostic accuracy for 

distinguishing between bacterial and viral meningitis in adults with reported sensitivity of 

95% and specificity of 100%.126,325 CSF procalcitonin has also been evaluated in adults as a 

biomarker for bacterial meningitis. Conflicting results have been seen with sensitivities of 50-

100% and specificities of 96-100% reported, 326,327 others have not found it to be 

discriminatory.339 One potential reason for the difference in my results is that I was using a 

manual ELISA (ThermoFisher Scientific, UK) whereas others all used the LUMI test (Brahms, 

Germany) – an automated procedure.326,327,339 The lower limit of both systems is the same at 

30pg/ml. In addition all the patients with bacterial meningitis in previously published papers 

were culture positive, or had CSF taken before antibiotics were given, which may indicate a 

higher bacterial load than the patients in my study. The effect of antibiotics on procalcitonin 

levels is not clear and that could have been a key factor in why it was so inaccurate for 

diagnosis in my patients. I found that patients who had preceding antibiotics had higher 

levels of procalcitonin. However, as this is contrary to what one would expect this is likely to 

be a reflection of small numbers. 
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6.5 Conclusion 
 

Having identified in chapter 4 that often doctors do not pursue a specific aetiological 

diagnosis, in this chapter I have shown that even if those tests were performed only an extra 

3% of patients would receive an aetiological diagnosis.  Increasing the diagnostic yield would 

allow more patients to understand the cause of their illness and give a much better estimate 

of the epidemiology of meningitis in the UK. By knowing the exact aetiology we can better 

target research at developing treatments and prevention for the prevalent pathogens. In 

order to increase the diagnostic yield merely testing systematically for a panel of pathogens 

is not enough and different diagnostic approaches are needed.  
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Chapter 7 – Discussion 
 

7.1 Meningitis in UK adults 

Meningitis is a feared condition and has been considered to be relatively rare. Previous 

estimates of the incidence of meningitis range from about 1 per 100,000 population per year 

for bacterial meningitis up to 7 per 100,000 population per year for viral meningitis.3,15,27 By 

considering all causes of meningitis in my thesis, including the significant number where no 

cause was found, I have shown that the incidence of all cases of meningitis is much higher 

than previously thought at almost 13.5 cases per 100,000 annually. The vast majority, where 

a cause is identified, are due to viruses. Viral meningitis is an important and often overlooked 

cause of meningitis in adults. It has been described as benign and self-limiting.170,171 

Anecdotal evidence from discussions with patients has shown they often feel overlooked in 

favour of the more deadly bacterial meningitis. In this thesis I have shown that viral 

meningitis plays a major contribution to the causes of meningitis in UK adults both in terms 

of the number of cases but also in costs to the NHS. Enteroviruses are the most frequent 

virus identified but herpes viruses are not far behind, responsible for 44% of cases where a 

virus is identified. I have demonstrated for the first time in a UK population the costs 

associated with hospitalisation for viral meningitis. Proven viral meningitis costs the NHS in 

the region of £3 million in direct costs every year, this is similar to the direct costs of bacterial 

meningitis associated hospitalisations.  

In addition to the proven causes I also showed that a significant number of patients who 

present with symptoms and signs of meningitis never have a cause identified. Having an 

aetiological diagnosis had both quantitative and qualitative benefits. It led to a reduction in 

antiviral and antibiotic use as well as a shorter duration of symptoms.  
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Despite the number of cases of meningitis and suspected meningitis, clinical management 

was inconsistent and differed from both current and previous national guidelines.211,228 Many 

patients did not receive appropriate diagnostic tests which contributed to the fact that many 

patients did not have an aetiology found. A number of patients had unnecessary 

investigations, such as CT scans, which resulted in delayed LPs. Delayed LPs were, in turn, 

associated with not finding a pathogen.  

I then undertook an interview study to try and understand what determined how doctors 

investigated patients with suspected meningitis; why did some get diagnostic tests whilst 

others didn’t? In the sociological literature there is an increasing amount of research looking 

at diagnostic processes and decision making but very little of it concerns acute medical 

conditions. I found that the theory of distributive decision making could be applied to 

diagnostic decision making as well as treatment decisions.272 I have also described novel 

theories regarding the process of diagnosis in acute medical emergencies using meningitis as 

an exemplar and suggested that it is the process of diagnosis that contributes to 

investigations not being done. Interviews with both doctors and patients highlighted the fact 

that both felt having a specific categorical diagnosis was both useful and desirable. 

Finally I have shown that if standardised molecular testing were carried out as routine the 

diagnostic yield would be increased by only 3%. I have demonstrated that careful 

optimisation and validation of methods is required before adoption of any new technologies 

into a laboratory.  

7.2 My thesis in the context of previous work 
This piece of work provides a valid estimate of the incidence of all causes of meningitis in UK 

adults in the era of widespread vaccination against the main bacterial pathogens. There have 

been previous observational and epidemiological studies from other countries looking at 

either bacterial or viral meningitis in adults.2,11,44 Many studies do not look at both and, to 
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my knowledge, none has looked at the whole cross section of adults who present with 

suspected meningitis. Previous studies also often looked at both viral meningitis and 

encephalitis which makes it difficult to tease out the individual contributions.11,27 Viral 

meningitis has a very different presentation and prognosis to encephalitis.89,340 The mortality 

in encephalitis has been reported to be at least 12% compared to 0% in cases of 

uncomplicated viral meningitis.341,342  

In this, the first UK national cohort of adult patients with meningitis, I have been able to 

estimate the overall incidence of all causes of meningitis. Previous studies have suggested 

the incidence of bacterial meningitis in adults is 1.05 per 100,000 population annually.3 This 

probably underestimates the true incidence however as it was reliant on voluntarily 

submitted data. These samples also had minimal clinical data with them and so they could 

not differentiate between nosocomial infection and community acquired infection which 

might explain why they saw so much Staphylococcal and Gram negative infections (24% of 

all adult cases). I saw no cases of S. aureus meningitis and only two cases of Gram negative 

disease. Another recent study, using the same voluntary database, estimated the incidence 

of both viral meningitis and encephalitis. They estimate the total combined incidence for the 

15-44 year age group to be 4.17 per 100,000 population per year. The incidence for over 45’s 

is 1.86-1.88 per 100,000.27 This study again may have a slight underestimation due to being 

reliant on voluntary data but may also overestimate as it includes encephalitis.  

My study now contributes to this literature. Due to the prospective nature the dataset was 

not as complete as the studies above. However, following the proportional adjustment to 

estimate for missing cases my figures for the proven cases are commensurate with these 

previous studies. My study also uniquely contributes the total figure for all cases of 

meningitis, whether a pathogen is found or not. At 13.47 cases per 100,000 every year this 

is considerably more than any previous estimates based on pathogen specific diagnoses.  
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There have been economic assessments of viral meningitis hospitalisations in the US but this 

is the first such evaluation in the UK.17,231 I have shown an average cost per patient of £2126 

for viral meningitis. This is slightly less than the cost in the US which varied between $5093 

and $8313 (in the mid-1990s). Whilst this cost is significantly less per patient than bacterial 

meningitis, due to the much higher incidence of viral meningitis the overall costs to the NHS 

per year is the same for viral meningitis as it is for bacterial. This underlines the importance 

of the disease both for health care planning and the need for research. 

By analysing the whole cross section of patients that present with suspected meningitis I 

have been able to demonstrate that clinical features cannot differentiate between patients 

with meningitis and those without. Investigations such as lumbar punctures are essential. 

Consistent with previous research I have shown that there continues to be a heavy reliance 

on neurological imaging, leading to delays in LP and antibiotics.104,151 These delays in LP may 

contribute to the number of patients not receiving an aetiological diagnosis. Previously it has 

been shown in enteroviral meningitis that if CSF sampling occurs more than 48 hours after 

the onset of symptoms the diagnostic yield from a LP is reduced.108 The pathogen may still 

be identified from stool samples (although rarely used) and had a diagnostic yield of 15% in 

my study. Specific diagnostic tests such as CSF PCR and blood cultures were performed less 

frequently in those patients where a pathogen was not identified. This has also recently been 

reported by a group in the US who found that despite CSF PCR having the highest diagnostic 

yield it was only ordered in 40% of patients. Arboviral serology – another important cause of 

meningitis in their cohort – was only requested in 31% of patients.221 It is unclear exactly why 

these tests are not ordered when they diagnostic usefulness of them is clear. 

The number of patients without a cause identified has been reported before and my figure 

of 42% is consistent with previous studies.10,11,19 However, no-one has previously looked 

further to investigate why these patients do not have an aetiology or what might be causing 
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meningitis in these cases. In many cases it is often assumed that these cases are viral 

meningitis which possibly partly stems from when the only method of diagnosing viral 

disease was by cell culture. It is also potentially due to the fact that it is assumed that there 

is nothing that can be done for viral meningitis, there is no treatment available and so 

therefore no need to pursue a specific aetiological diagnosis. However, as I have shown in 

chapter 5 there are many more reasons, both for physician and for patient, to have an 

aetiological diagnosis.  

Having identified that many people do not have key diagnostic investigations performed and 

that it is the process of diagnosis that may lead to a lack of refinement of diagnosis I went on 

to show that even if the investigations were done the diagnostic yield might only increase by 

a small amount. Previous studies differ in their increase in diagnostic yield following PCR 

testing. A Japanese study tested 168 CSF samples by both bacterial culture and PCR. 72% of 

samples were positive for a pathogen by PCR compared to only 48% by culture.343 It may be 

possible that there are other pathogens that I did not test for and more broad range 

techniques such as 16S PCR or whole genome sequencing could be helpful in identifying 

those pathogens. However, a similar study carried out in Taiwan, using a staged approach to 

identify pathogens in undiagnosed meningitis, did not identify any pathogens other than the 

ones I have tested for apart form one case of Mycobacterium tuberculosis. They used a 

staged approach with MassTag PCR, 16S PCR, microarray and high throughput sequencing.335 

None of the pathogens found were identified using sequencing although it has previously 

been used to detect novel or emerging pathogens in the CSF.344,345 An older study from 

Northern Ireland employing 16S rDNA PCR on 413 culture negative CSF samples identified 58 

positive results (14%).346 The most common organism identified (13/58) was staphylococcal 

species which also questions the ability for this technology to differentiate contaminants 

from causative organisms. As molecular technology is very sensitive there needs to be careful 

interpretation of the results. Paediatric studies have identified S. pneumoniae identified in 
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blood samples by PCR that were almost certainly reflective of contamination or transient 

bacteraemia from asymptomatic colonisation.347 However, even if the number is accurate 

this still leaves a large number of patients without an identified cause for their meningitis. 

No viral diagnostics were used in this study. In studies of encephalitis or meningitis that have 

used extensive viral diagnostics the number of unknown cause ranges from 37% to 

72%.10,341,348 

7.3 Clinical, policy and research implications 

Classificatory systems are important in medicine. Anne Marie Jutel writes that “the multiple 

purposes of diagnostic classification – treatment and prognosis, medical education and 

communication, research and identity – are enacted by the classification system used by 

medicine and by the lay pursuit of a diagnosis to organise the experience of illness”.184 

The only way we can be certain of the aetiology of meningitis – and thereby ensuring 

accurate classification - is by identifying the pathogen or a specific host response to that 

pathogen. I have shown that other attempts to classify using scoring systems or biomarkers 

are unsatisfactory. Although the meningitest performed well it could only be applied to half 

the patients as it requires a serum glucose, often not done, to be done. Some simple 

improvements to our current diagnostic capabilities can be made by doing such things as 

performing LPs before antibiotics and ensuring all CSFs are tested for a standard panel of 

pathogens including at least enterovirus, HSV-2 and VZV as well as N.meningitidis and S. 

pneumoniae. However, as this might only increase the yield by a small amount future 

research should focus on improving methods of pathogen detection (or a specific host 

response to a pathogen) or making efforts to determine if a non-infectious aetiology may be 

the cause. These are more likely to yield definitive classificatory results rather than the 

endless pursuit of more biomarkers or scoring systems that will always be sub-optimal.  
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My research has highlighted three main areas that could be targeted to improve the 

diagnosis in cases of meningitis in adults. Firstly reducing the delays in the current diagnostic 

pathway may well contribute to improving the number of patients with an aetiological 

diagnosis. Secondly, although a diagnosis was not pursued for various reasons the systematic 

testing I performed in chapter 6 showed that even if one was pursued the diagnostic yield 

would not be increased substantially, therefore investment in new diagnostic technologies 

is warranted. Finally consideration of how to effectively implement any new diagnostic 

advances is required with the knowledge that current tests aren’t used as often as they 

probably should.  

7.3.1 Speeding up current diagnostics 

Much could be done to improve diagnostics within the current landscape by merely speeding 

up diagnostics and the diagnostic pathway. Delayed LPs reduce the chance of finding an 

organism both in viral meningitis and bacterial meningitis (assuming antibiotics have been 

commenced). Neurological imaging led to a delay in LPs. Patients with suspected viral 

meningitis and no pathogen detected were more likely to have had a longer duration of 

symptoms prior to hospitalisation and a longer duration between admission and LP. 

Although having a CT scan itself was not associated with not finding a pathogen there was 

an association between those who had neurological imaging and delayed LPs. 

 In order to speed up the diagnosis there needs to be a change in the way clinicians think 

about meningitis. Meningitis is a medical emergency and should be treated as such. Clinical 

features are unable to differentiate between meningitis and not meningitis (chapter 3) or 

often between viral and bacterial meningitis.98 In view of this, diagnostic investigations such 

as blood cultures and LP should be done as soon as possible in all with suspected meningitis 

where there are no contraindications. Recent guidelines in both the UK and Europe have 

recommended that an LP be performed within one hour of admission for all with suspected 
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meningitis.228,229 Currently patients in the UK are waiting an average of 16 hours for an LP 

(chapter 3). Part of this delay may be due to the way in which patients are managed in UK 

hospitals. Delays can occur as a result of unintended consequences from political imperatives 

such as the four hour target in emergency departments and the centralisation of 

laboratories.349,350 The need to admit patients within four hours makes it difficult to fully 

assess and manage a patient properly and may compromise patient care.351 In countries 

where there are no restrictions on time spent in the emergency department LPs are routinely 

carried out there. The use of ultrasound may facilitate a quicker procedure.352,353 

Even if an LP was done rapidly the centralisation of laboratories means that results can be 

delayed. In some UK NHS trusts even the initial Gram stain may have to be done in a different 

hospital to the one the patient is in. More ‘complex’ investigations such as PCR may well be 

done in an even further distant hospital. By the time transportation and batching is taken 

into consideration it may take several days from LP to result, despite the relative speed of 

the actual PCR test (which can be done in a matter of hours). This may account for the 

average length of stay being in excess of three days for patients with enteroviral meningitis. 

A recent study has compared a rapid PCR technology operated seven days a week on receipt 

of a single CSF sample (GeneExpert™ Enterovirus) with an in-house enteroviral PCR that 

required batching of CSF samples and only ran five days a week. The patients who had the 

rapid PCR had a significantly shorter duration of antibiotics and antivirals as well as a much 

shorter duration of hospitalisation. The patients who had the in house test had an average 

length of stay of two days compared to 0.5 days in the patients with the rapid PCR test. This 

was associated with a reduction in hospitalisation costs of $1875 per patient.292  

If rapid point of care diagnostics that could be employed at the bedside (or at least at an 

onsite laboratory) were developed (or implemented) this would not only speed up diagnosis 

but also allow swifter treatment for those who need it and expedite discharge for others. 
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These would have to be evaluated in cost-effectiveness studies taking into consideration 

savings made from shorter hospital stays. This has been highlighted in a recent report on 

tackling antimicrobial resistance – another benefit of rapid diagnostics. In this report the 

author suggests that by 2020 we should be using diagnostic technologies to inform all 

antibiotic prescribing decisions where they are available.354   

7.3.2 New diagnostic technologies 

In addition to speeding up current diagnostic pathways we should also be looking at new 

technologies and considering the possibility of non-infectious causes. Recent emphases on 

infection diagnostics have predominantly been based around molecular diagnostics such as 

nucleic acid amplification and proteomic methodologies. Alternative approaches may be to 

consider the specific host response to pathogens or a combination or pathogen detection 

and host response.   

Diagnosis in any central nervous system infection is plagued by difficulty from the start. In 

meningitis the pathology is at the meninges but this is an inaccessible material to sample. 

Although CSF has been shown to be as sensitive as brain biopsy in some cases of 

encephalitis.355,356 Even using CSF as a proxy can be difficult with the reluctance to perform 

an LP without a CT scan and the de-skilling of medical staff. An ideal test would be able to 

detect the pathogen in the CSF. CSF is a sterile site and so any pathogen detected will almost 

always be pathogenic and not a commensal or coloniser. Additionally many neurological 

infections are caused by viruses which have the advantage that antimicrobial susceptibilities 

are rarely required and so lend themselves to non-culture diagnostics. Alternatives include 

detecting the pathogen in a remote location for example enteroviruses in stool or throat 

samples or detecting a host response to the pathogen such as an antibody response but this 

carries with it the question of whether the organism detected is actually responsible for the 

current neurological disease process.  
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In 2013 the Infectious Diseases society of America published a policy paper describing the 

need for better infection diagnostics.357 They state the key tenets of any test should be: 

x Able to identify a specific pathogen  

x Provide antibiotic susceptibilities 

x Easy to use 

x Rapid (within 1 hour) 

x Results must be communicated to the healthcare provider 

New diagnostic technologies that allow us to better identify causative agents not only afford 

better individual patient care but also help to combat antimicrobial resistance by allowing 

improved antibiotic stewardship, enable timely responses to any outbreak situations and 

increase our ability to detect the previously unknown. A need for increased governmental 

funding for new diagnostics has been asked for in both the US and the UK.354,357 

There needs to be a shift from the centralised laboratory testing to decentralised point of 

care testing (POCT). Tests should be molecular or antigen based and with multiple pathogen 

targets preferably pan-species detecting at least bacteria and viruses with possibly fungi and 

mycobacteria as well. There should also be a move away from batching to single use, on 

demand tests.  

Nucleic acid detection techniques 

One of the time limiting factors for PCR is the nucleic acid extraction step. If systems could 

detect nucleic acid direct from clinical samples or combine the extraction with the 

amplification process in one system the turnaround time could be vastly reduced. 

Microfluidic technology is now allowing that possibility. A recent comparative study 

demonstrates the ability for HSV 1 or 2 to be detected within 75 minutes of taking the CSF 

sample using a direct PCR technology with similar diagnostic accuracy to an in-house PCR.358 

As well as direct testing from CSF there is also a need to be able to test for multiple pathogens 
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or analytes at once. This is the premise of multiplex PCR testing. The FilmArray® system 

utilises multiplex PCR technology and incorporates extraction, amplification and detection in 

one system. It can detect 14 pathogens (bacteria, viruses and fungi) on the 

meningitis/encephalitis panel. It has been shown to increase pathogen detection in a 

retrospective comparison with routine practice.359 This was largely by detecting pathogens 

that weren’t routinely looked for but are common such as VZV, HSV and S. pneumoniae (this 

patient had antibiotics before LP and routine work-up only consisted of culture and antigen 

testing). This small study highlights the increased diagnostic yield that is possible if 

comprehensive testing is routine without the clinician having to consider all possible causes.  

Loop-mediated isothermal amplification (LAMP) is a different method of DNA amplification 

and detection. It is quick, with results in less than two hours, and a positive result can be 

seen with the naked eye.  This technique has recently shown good sensitivity for detection 

of N. meningitidis, S. pneumoniae, H. influenzae and M. tuberculosis.360-363 It has also recently 

been evaluated as a bedside test in the UK where it had a PPV of 100% and a NPV of 97%.364 

The speed and ease of diagnosis makes this a very attractive diagnostic tool.  

Whole genome sequencing allows the benefit of not pre-selecting the pathogens to be 

detected. It is unlikely to be used in routine diagnostics in the near future but even this is 

approaching the realm of POCT. The MinION™ is a handheld device, using nanopore 

technology and about the size of a mobile phone, that can be connected to a laptop and will 

sequence whole genomes. This third generation sequencing method was used to map the 

recent Ebola outbreak in West Africa365. It has also demonstrated a proof of principle that 

genomes can be detected from clinical samples within 6 hours from receipt of sample366. This 

shows the direction of travel in terms of the portability and speed of sequencing devices.  

Other pathogen detection approaches 
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Proteomic techniques have also been increasingly used in microbiology over the last few 

years. MALDI-TOF (matrix associated laser dissociation and ionisation-time of flight) can 

provide an identification from a cultured isolate within minutes. It utilises the protein mass 

of the organism to identify the bacteria. This has revolutionised clinical microbiology by 

reducing the time to identification but it normally requires a cultured organism. There are 

reports of success direct from CSF.367 Nanotechnology combined with T2 weighted magnetic 

resonance has successfully detected candida species in blood in a proof of principle study.368 

T2 magnetic resonance techniques have also previously been used to detect protein, as well 

as other analytes, and has been multiplexed.369 Thus showing the potential to be developed 

as a rapid POCT.  

Host responses 

Using the host response to an infection has many advantages. It doesn’t require there to be 

a viable pathogen to detect and may be able to utilise a sample distant to the site of infection 

such as blood. Probably the most well-known and well-used host response method would be 

that of antibody detection. However, for acute diseases this is clearly not timely enough to 

guide management decisions. Recent attention has moved to looking for specific host 

responses within the proteome or transcriptome. However, finding pathogen specific host 

responses are difficult. Many are focused on merely differentiating between viral and 

bacterial infection. It may be that there needs to be a combination of approaches looking at 

specific pathogen detection but with host responses to confirm evidence of infection or 

inflammation.  

Transcriptomic differences have been seen in the blood of patients with acute infections. 

The ability to discriminate viral infections (Influenza) from bacterial infection (S. pneumoniae 

or E. coli) was greater than the ability to differentiate specific pathogens (S aureus versus E 

coli) (95% and 85% accuracy respectively).370 Perhaps unsurprisingly the viral mediators 

identified were part of the interferon pathway and the bacterial cases were neutrophil 
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associated. More recently a small study (n=21) has examined the gene expression profile of 

patients with bacterial meningitis.371 There was an obvious difference between patients with 

bacterial meningitis and healthy controls. There was also a significant difference, however, 

between those with pneumococcal disease (n=14) and meningitis caused by other pathogens 

(n=7). The non-pneumococcal group were diverse and consisted of 5 different pathogens in 

seven patients and so no firm conclusions could be made but this might point to a pathogen 

specific response. If a signature in the blood were to be able to differentiate viral from 

bacterial meningitis this would have significant advantages over current practice but we are 

still some way off that.  

A novel antigen recognition technique which detects fluorescence following immune 

complex formation can deliver a result in as little as 20 minutes for samples with high 

microbial loads. This technique has been developed for respiratory infections where it can 

detect nine different pathogens, including both viruses and bacteria, from respiratory 

specimens.372 These techniques could be used within the ED while a patient waits.  

At the moment we assume that the majority of these undiagnosed cases are infections. 

However, it is possible that they are not. They could be due to other causes of meningitis 

such as autoimmune conditions or drug related. Some of the most common medications to 

cause drug induced meningitis are non-steroidal anti-inflammatories or trimethoprim. There 

was no association with taking these drugs and not having a pathogen identified (chapter 4).   

A well designed study looking specifically at patients without an identified cause could help 

to delineate if these factors are causal. In addition work should be done to look more closely 

at the CSF profile of these patients to ascertain if there are any significant differences that 

might suggest a non-infectious cause. Over recent years auto-immune encephalitis has been 

discovered to account for significantly more cases of encephalitis than previously 

appreciated.341 There could potentially be a similar paradigm in meningitis.  
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7.3.3. Implementation of new diagnostic technology 

Finally if new or different diagnostic technologies are to be introduced there needs to be 

work done in tandem to evaluate how and where they would be optimally used as well as 

clear documentation of the benefits of diagnosis outside of providing a treatment such as 

reducing hospital admissions.   

The challenges to adoption of new technologies are numerous. Any diagnostic test needs to 

be easy to use and fit into the current workflow seamlessly. There needs to be financial 

commitment to not only develop these technologies but also ascertain their effectiveness in 

real-life situations. Clinicians may be more likely to adopt if there has been a real life 

validation rather than a ‘perfect’ trial situation (e.g. multiple freeze/thaw cycles, including 

patients already on antibiotics).  

Llewellyn and colleagues373  have suggested that the following factors are generic when it 

comes to technological adoption in the NHS: 

x Negotiating changes to the patient pathway 

x Identifying training needs 

x Locating resources to fund training and the purchase of the technology 

x Summoning the motivation, energy and commitment to see it through. 

Cost effectiveness needs to assess more than just the initial outlay but also any downstream 

savings that may occur.373 For example reducing the length of hospitalisation by expediting 

discharge or by prompt administration of appropriate therapy. Turnaround times need to be 

acceptable enough to make a difference to patient management. Outcome data, such as 

mortality, morbidity and cost-effectiveness needs to show that having the test result is better 

than just giving empirical therapy.357 If the test is to be based in a laboratory there needs to 

be timely (real-time) communication between the laboratory and the clinician. In the 

technological era of smart phones this should not be difficult to implement. 
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Education is necessary to implementation, although not the only tool to be used. If clinicians 

can be convinced of the benefit to the patients or the health care system and reassured that 

it will have minimal impact on their work flow they will be more likely to adopt new 

technologies. Some have stated that ‘hard’ evidence is required to initiate any technological 

adoption.374 However, the value of a new technology being recommended by a colleague or 

anecdotal evidence of its benefit with minimal disruption also plays an important role.373 

Local peer based knowledge dissemination is probably more effective than centralised 

dissemination of guidelines or mandates.375 If the evidence is unclear or difficult to 

assimilate, the input of academic clinicians to promote innovation has also been shown to 

be useful.373  

There is also the issue of ‘ownership’ of the technology. Professional and inter-specialty 

rivalries may mitigate against adoption of technologies.373 This may be seen if a POCT were 

to be adopted into the ED – would the laboratory staff be happy with this? There is an 

analogy with arterial blood gas analysers however. This is an example of a POCT that has 

successfully been deployed into clinical areas.  

The results of any new technologies also need to be easily interpretable. Infection specialists 

may be able to act as a conduit between the laboratory and the clinician. 

7.4 Future research directions 
Having identified these issues with diagnosis in my thesis there is a real need to ensure 

change happens and the research findings here can have an impact on the ground. I have, in 

collaboration with others, recently published guidelines on the management of meningitis in 

adults.228 These are published along with an algorithm for emergency and acute physicians 

to follow (http://www.meningitis.org/assets/x/51738). Initial future research may involve 

national audits to monitor if people are following the guidelines. If there are any specific 

areas where there are challenges – such as performing LPs within one hour, further research 

http://www.meningitis.org/assets/x/51738
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could be done to help enable this. For example, a cluster randomised controlled trial of LPs 

being performed in emergency departments compared to on the wards with cost 

effectiveness endpoints (as well as number of definitive diagnoses and safety parameters) 

could be the driver needed to encourage people to perform the LP earlier. Additionally 

studies showing the cost effectiveness of onsite, rapid diagnostics could also have real impact 

on both health economics and patient satisfaction. 

As well as diagnosis my thesis has highlighted other areas in the management of meningitis 

that need to be improved. In particular with viral meningitis there remain many unanswered 

questions. We still don’t know whether aciclovir should be given to patients with HSV or VZV 

meningitis. The result is that some patients get treatment and others don’t. The uncertainty 

regarding treatment means many patients receive an intravenous, potentially nephrotoxic 

drug necessitating prolonged hospital admissions with no clear evidence of benefit. From my 

research there was a suggestion of some benefit in terms of symptom resolution but much 

larger, well designed studies are required to see the true effects on reducing recurrence or 

longer term outcome.  

In order to design these studies more research is required to define what the longer term 

outcomes are in viral meningitis. There have been some small studies suggesting that there 

are neuropsychological effects of viral meningitis.209,210,242 These should be assessed in larger 

cohorts of patients with relevant controls. Some of the longer term outcomes of the UK 

meningitis cohort may go some way to answering these questions.  

In addition to herpes meningitis there are currently no treatments available for enteroviral 

meningitis. Enteroviruses, globally, can cause life limiting and life altering disease. Such as 

acute flaccid paralysis secondary to enterovirus 68 and 71 and severe cardiogenic shock in 

enterovirus 71 disease.376,377 The combination of severe illness and common less severe 

illness demands the need for an effective enteroviral antiviral. In the 2014 EV68 outbreak in 
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the United States various treatment strategies were employed including combinations of 

steroids, intravenous immunoglobulin, plasmapheresis and an experimental drug – 

pocapavir.378 None of which seemed to give any proven benefit, although numbers were 

small. Although most enteroviral infections are mild, given the propensity for some serotypes 

to cause serious life and limb altering disease there is a need to develop treatments and 

vaccines. 

7.5 Reflections 
I am a medical doctor specialising in Infectious Diseases (ward based) and Medical 

Microbiology (laboratory based). As such I am very familiar with both the clinical and 

laboratory challenges surrounding the diagnosis of infections. As a medical microbiologist it 

is my job to determine the significance of any pathogens identified in samples and liaise that 

to the clinicians. However, all too often clinicians expect the microbiologist to make a 

diagnosis in a patient based on the samples sent. I am adamant, but accept that potentially 

not all my colleagues would agree with me, that one cannot make a diagnosis over the 

phone, you need to see the patient, see all the results and put the whole picture together to 

be able to form a diagnosis. And the clinician, who is treating the patient, must take some 

responsibility for coming up with a final diagnosis, confirmed by microbiological tests. 

Therefore, I believe that for a variety of reasons –that patients should be given the right to a 

diagnosis where possible. In order to start to understand some of this it is important to 

appreciate the practices of medical staff when it comes to diagnosis and what the influences 

are that determine their diagnostic practices.  

My clinical experience both on the wards and in a diagnostic laboratory allows me to 

understand both sides of the professional diagnostic process. I understand both how busy 

the clinical side is and what the barriers may be but also the importance and techniques that 

are involved in identifying a pathogen in a laboratory. It is commonplace within medical 
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microbiology laboratories to receive requests for tests without any clinical information which 

makes the interpretation of the results much more difficult. For example if you have a 

cerebrospinal fluid that has a few white cells in it and is positive for herpes simplex virus it is 

imperative to know whether that patient has symptoms and signs of meningitis (in which 

case treatment would not be mandatory) or encephalitis (in which case treatment is 

essential).   

The processes associated with interviewing, understanding social theory and qualitative data 

analysis was entirely new to me when I came to this PhD and it has changed the way I see 

research and also the way in which I practice medicine. That sounds very grandiose but even 

just in small things, like being more aware of the need to let patients know their diagnosis – 

even, or especially, in the more benign conditions. For example, whilst conducting this 

research I was doing a locum on call shift and I met a patient who was admitted with fevers 

and sore throats. Initially, before my input, there had been concern that the patient might 

have meningitis or tonsillitis. However, by the time I saw her she was much better and we 

thought it was likely she had glandular fever. She was fit to go home, and happy to do so, but 

the specific diagnostic test, to confirm (or refute) she did indeed have glandular fever would 

not be back until after she was discharged. I was very conscious of how do we ensure that 

this patient was told of the result of this test. Without the result it is possible she would go 

on thinking that she might have had meningitis, with the result we could give her clarity that 

she had glandular fever and not meningitis. It would also mean we could give her a clear 

prognosis. Eventually, I just had to leave a note for the regular team to ensure she was 

informed of her diagnosis. If the patient is well enough they could also be given written 

instructions informing them how they could access their diagnosis such as phoning the 

secretaries or seeing their GP.  
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7.6 Final conclusions 
The work contained in this thesis has allowed a current estimate of the incidence and health 

care costs of meningitis, in particular viral meningitis, in UK adults in the era of declining rates 

of bacterial meningitis. I have also looked in depth at the significant proportion of patients 

who never have a cause found. I have evaluated what the potential reasons for not 

identifying an aetiology might be and then looking to see if that aetiology can be determined 

by using techniques readily available within the NHS.  

Viral meningitis has not had the same amount of interest and research given to it as bacterial 

meningitis. However, given the numbers of patients affected, the cost to the health service 

and the potential for longer term problems presented within this thesis more attention 

should be focussed on this area. There are clear benefits to diagnosing an aetiological cause 

both for the patient and the wider health system. More work needs to be done, regarding 

expediting investigations and developing and implementing new technologies, to further 

increase the diagnostic yield in this cohort of patients.  
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8. Appendices 
8.1 Sites and investigators contributing to the UK Meningitis Study 
 

NHS site Principal Investigator/ co-

investigators 

Warrington and Halton NHS Foundation Trust Dr K Mahawish 

St Helen’s and Knowsley Teaching Hospitals NHS Trust Dr R Chandy 

Newcastle Upon Tyne Hospital NHS Foundation Trust  Dr N Premchand 

North Cumbria University Hospitals NHS Trust Dr C Graham 

Pennine Acute Hospitals NHS Trust Dr K Ajdukiewicz 

Dr T Blanchard 

Royal Liverpool and Broadgreen Hospitals NHS Trust Dr N Beeching 

The Walton Centre NHS Foundation Trust Prof T Solomon 

Aintree University Hospitals NHS Foundation Trust Dr R Cooke 

Dr S Larkin 

Wrightington, Wigan and Leigh NHS Foundation Trust Dr C Faris 

Lancashire Teaching Hospitals NHS Foundation Trust Dr J Cheesebrough 

Dr K Gray 

Stockport NHS Foundation Trust Dr S Maxwell 

University hospitals of Morecombe Bay NHS Foundation Trust Dr M Pasztor 

Leeds Teaching Hospitals NHS Trust Dr J Minton 

Bradford Teaching Hospitals NHS trust Dr J Dunbar 

Dr P Stanley 

South Tees NHS Foundation Hospitals Trust Dr D Chadwick 

Wirral University Teaching hospitals NHS Foundation Trust Dr K Mohandas 

Central Manchester University Hospitals NHS Trust Dr A George 

Dr D McKee 

Mid Cheshire NHS Hospitals NHS Foundation Trust Dr S Hammersley 

Blackpool Teaching Hospitals NHS Foundation Trust Dr P Flegg 

East Cheshire NHS Trust Dr M Silverdale 

Bolton NHS Foundation Trust Dr S Schumacher 

Dr K Jones (co-I) 

Salford Royal NHS Foundation Trust Dr M Jones 

Southport and Ormskirk NHS Hospitals Trust Dr J Bowley 

Dr C Jukka 
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Calderdale and Huddersfield NHS Foundation Trust Dr D Birkenhead 

Countess of Chester Hospital NHS Foundation Trust Dr J Croall 

Dr I Kustos 

University Hospital of South Manchester NHS Foundation Trust Dr M Roberts 

East Lancashire Hospitals NHS Trust Dr M Silverdale 

Tameside Hospital NHS Foundation Trust Dr H Rathur 

York Teaching Hospital NHS Foundation Trust Dr N Todd 

Mid Yorkshire Hospitals NHS Trust 

 

Dr R Rambani 

Dr A Adedeji 

University Hospitals Of Leicester NHS Trust Dr M Wiselka 

Heart Of England NHS Foundation Trust Dr E Moran 

University Hospital Of North Staffordshire NHS Trust Dr A Cadwgan 

The Dudley Group NHS Foundation Trust Dr H Paraiso 

Northumbria Healthcare NHS Foundation Trust Dr S Ellis 

Dr N Premchand 

Royal Cornwall Hospitals NHS Trust 

 

Dr S Gupta 

Northern Devon Healthcare NHS Trust 

 

Dr A Watt 

Lewisham and Greenwich NHS Trust 

 

Dr M Mostert 

King's College Hospital NHS Foundation Trust Dr P Hopkins 

Queen Elizabeth Hospital Kings Lynn NHS Trust 

 

Dr H Altemimi 
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8.2 Total Morbidity Score 
 

 

Total Morbidity Score 

This score will help us see how quickly people recover from meningitis and allow us to compare with 
others who had other illnesses. Please score your symptoms according to the scales below. If you 
have a total score of 0 for 7 consecutive days then you don’t need to fill in any more. If you are 
discharged from hospital before 21 days please return in the attached addressed envelope (no need 
for a stamp).  

Day 1 = date of admission to hospital. 

Headache 0 none 
1 barely noticeable  
2 mild (able to function) 
3 moderate (requires medication)  
4 moderately severe (able to function but prefers staying in bed)  
5  severe (must stay in bed)  
6  very severe (incapacitating) 

Nausea and vomiting  
0  none  
1  mild (nausea present, no vomiting) 
2  moderate (2 or fewer episodes of vomiting in the last 24 hours)  
3  severe (more than 2 episodes of vomiting in the last 24 hours 

Neck Stiffness  0  none  
1  mild (able to function)  
2  moderate (can bend neck, but significant difficulty)  
3  severe (unable to bend neck) 

Photophobia (eyes sensitive to the light) 
  0  none  

1  mild (slight sensitivity to light)   
2 moderate (can open eyes but would prefer not to)  
3  severe (unable to open eyes because too painful) 

Myalgia (muscle aches) 
  0 none  

1 mild (noticeable but no need for painkillers  
2  moderate (need to take pain killers)  
3  severe (uncontrolled with simple painkillers e.g. paracetamol and non-

steroidal anti-inflammatory drug) 
Fever  0  <37.5   

1  mild (37.5-38)  
2  moderate (38-39)  
3 severe (>39) 
 

Temperature    Please record highest temperature for that day
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Day 1 2 3 4 5 6 7 8 9 10 

Date           

Time           

Headache 

  

        

Nausea/Vomiting 

  
        

Neck Stiffness 

  

        

Sensitivity of eyes to 

light   

        

Muscle aches 

  

        

Fever           

Temperature           

Total Score           
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Day 11 12 13 14 15 16 17 18 19 20 21 

Date            

Time            

Headache            

Nausea/vomiting            

Neck Stiffness            

Sensitivity of 

eyes to light 

           

Muscle aches            

Fever            

Temperature            

Total Score            
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8.3 Interview Schedules  
 

Draft Topic Guide for Interviews with health care professionals v3 02/12/2014 

 

This interview concerns what you do, and how you do it, when you are faced with a case of 
suspected meningitis. We may use a recent case as an example. There are no right or 
wrong answers, I am just trying to get a picture of how several different doctors do things. 

 

Background 

 

Gender 

Grade 

Specialty 

 

How many cases of suspected meningitis would you say you have seen? 

 

When was the last case of suspected meningitis that you managed? 

 

Management of a case of suspected meningitis 

 

Talk me through what you would do if you were seeing a patient with suspected meningitis. 

 

Are there specific things in the history or examination that you would be looking for? 

 

What tests or investigations would you do? 

 

 Specifics if too vague 

 

How do you know what investigations to request? Where does your knowledge come from? 
How do you know what equipment to use and where to get it all? 

 

Do you use any local or national guidelines? What do they tell you? 
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When would you do HIV testing? 

 

What does meningitis mean to you? 

 

Attitudes towards diagnosis 

 

What role does the patient play in determining what tests are done? In whether an LP is 
done? What determines whether you would do an LP or not? 

 

What is the importance of identifying a pathogen in cases of proven meningitis? 

 What are the benefits and disadvantages of diagnosing a pathogen? 

 

What is your experience of meningitis when no pathogen is diagnosed? 

 

What role do you see the microbiology laboratory playing in the investigating and 
evaluating of a case of suspected meningitis? 

 

Do you think a test that tests for all of the likely pathogens at once would be useful/used? 

 ‘Blunder bust approach’ or ‘tick box mentality’ 

What one thing would you do to improve the diagnosis in cases of suspected meningitis? 

 

Treatment and erring on the side of caution. How do you manage patients with suspected 
meningitis? 

 

Do you have anything else to add? 
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Topic Guide for Interviews with patients v2 27/01/2014 

Background 

 

Subject ID 

Gender 

Age 

When did you have meningitis? 

Occupation 

I’m looking at how we diagnose the specific causes of meningitis in the UK. 

This interview concerns your experiences/concerns and attitudes as a patient who was 

investigated for suspected meningitis, there are no right or wrong answers. Maybe you 

could start by telling me about when you were diagnosed with meningitis. I’d like to know 

in as much detail as possible about how you found out you had meningitis and what 

information regarding the causes you were given. 

Your Diagnosis  

Can you tell me about your experience of having meningitis? 

and also about being diagnosed specifically? 

 What did they tell you? 

 Were there things you wanted to know that they didn’t tell you? 

 How did you find out information about your illness? 

 What were your fears/concerns? 
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Can you tell me about your understanding of meningitis? 

 

Did you know there were different types of meningitis? (explain if unsure/hesitant) – have 

to explain them... 

Do you know what ‘type’ of meningitis you had? 

 If yes – what? 

 If no – is it important to you to know? 

Do you think it is important to know the exact cause or is a diagnosis of meningitis enough? 

 Sometimes there is no specific treatment for various illnesses including some of the 

common causes of meningitis. Would you still want to know the exact diagnosis if it won’t 

make a difference to any treatment? 

In your experience how do you think the diagnosis of meningitis and its specific causes 

could be improved? 

If there were a test that could identify all the common causes of meningitis at once do you 

think this would be useful? 

 

How much credibility/trust did they have in clinicians? 

 

Do you have anything else you would like to add?
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8.4 Publications arising indirectly as a result of this PhD 
 

McGill F, Heyderman RS, Panagiotou S, Tunkell A, Solomon T (2016). Acute bacterial meningitis in 

adults. The Lancet. In Press. Epub ahead of print 2nd June 2016. 

 

McGill F, RS Heyderman, BD Michael, S Defres, NJ Beeching, R Borrow, L Glennie, O Gaillemin, D 

Wyncoll, E Kaczmarski, S Nadel, G Thwaites, J Cohen, NWS Davies, A Miller, A Rhodes, R Read, T 

Solomon (2016). The UK Joint Specialist Societies Guideline on the Diagnosis and Management of 

Acute Meningitis and Meningococcal Sepsis in Immunocompetent Adults. J Infect. 72 (4) 405-438. 

 

 

 

 


