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ABSTRACT
Background: Invasive meningococcal disease (IMD) is rare but remains one of the most feared infectious diseases worldwide. We linked multiple national datasets to describe disease characteristics and outcomes of IMD in England over a five-year period.
 Methods: IMD cases confirmed by Public Health England (2007-11) were linked with national hospitalisation records and death registrations. Cases were analysed by age, gender, capsular group, clinical presentation, diagnostic test and outcome. Risk factors for death were assessed using multivariable logistic regression.
Results: Overall, 4,619 of 5,115 (90.30%) laboratory-confirmed IMD cases were successfully linked to a hospitalisation record. Group B meningococci were responsible for 87·33% (n=4,034) of hospitalised IMD cases, ranging from 93·56% (2,294/2,452) in <15 year-olds to 53·52% (152/284) among ≥65 year-olds. Most cases presented with meningitis only (n=2,057, 44·53%), septicaemia only (n=1725, 37·35%) or both meningitis and septicaemia (n=389, 8·42%). Over half the cases (2,526/4,619, 54·69%) were confirmed by PCR only, 22.91% (1,058/4,619) by culture only and 22·41% (1,035/4,619) by both. The case fatality rate was 4·46% (206/4,619; 95% CI, 3·88-5·10%) and varied by age, clinical presentation and capsular group. Children under 15 years who died within 30 days of diagnosis were significantly more likely to have been diagnosed by culture than by PCR alone (OR, 1.56; 95% CI, 1·02-2·39; P=0·040).
Conclusions: We identified complex interactions between age, meningococcal capsular group, clinical presentation, diagnostic method and death. The recent introduction of two new meningococcal immunisation programmes in the UK should significantly reduce IMD cases and deaths in the coming years.
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INTRODUCTION
Invasive meningococcal disease (IMD) remains a significant burden to public health worldwide despite vaccination programmes and awareness campaigns. 1 Like most infectious diseases, IMD follows secular trends, with periods of high and low disease activity as new meningococcal strains are introduced into populations, and others are removed naturally or through effective vaccination programmes. 
The United Kingdom has one of the highest incidences of IMD among industrialised countries,1 and was the first country to introduce the meningococcal group C (MenC) conjugate vaccine into the national immunisation programme in 1999/2000.2 Consequently, MenC disease is now rare and capsular group B (MenB) is the main cause of IMD, especially in children and young adults.3 Capsular groups W (MenW) and Y (MenY) usually cause disease in older adults with underlying co-morbidities although, since 2009, the UK has been experiencing a year-on-year increase in MenW disease due to expansion of a single hypervirulent strain belonging to clonal complex 11(cc11).4 
The provision of a national reference service for IMD confirmation ensures high case ascertainment for national surveillance in England, but the service does not routinely collect clinical or outcome data.5 Monitoring the clinical characteristics of IMD cases, and factors associated with disease outcomes, is essential in informing national policy in terms of both investigation and management of suspected IMD cases in the clinical setting, as well as considerations for introduction of preventive measures such as vaccination to protect those who are most vulnerable and monitoring the impact of such interventions in the population. 
We recently linked five national IMD datasets to estimate disease burden in England over a five-year period.5 Within this dataset, we linked almost 5,000 confirmed cases with hospitalisation records and national death registrations. The objective of this study was to describe the age distribution, clinical characteristics, meningococcal capsular groups, diagnostic method, outcomes and risk factors for death, among hospitalised patients with laboratory-confirmed IMD in England during 2007-2011, with the aim of identifying potentially modifiable factors that might help reduce the morbidity and mortality associated with this devastating infection.

METHODS
The Meningococcal Reference Unit (MRU) at Public Health England (PHE) provides a national service for species confirmation, grouping, typing, subtyping, and antimicrobial susceptibility testing of all invasive Neisseria meningitidis isolates. The MRU also provides free non-culture polymerase chain reaction (PCR) confirmation of meningococcal diagnosis for clinical specimens routinely submitted by National Health Service (NHS) hospitals in England and Wales.
In 2014, PHE initiated a data linkage project to estimate the total burden of IMD in England using multiple independent national data sources; details of the data linkage are published elsewhere.5 Briefly, the five datasets were (i) cases confirmed by PHE MRU; (ii) Hospital Episode Statistics (HES); (iii) electronic notification of confirmed IMD cases by NHS hospitals to PHE via LabBase2; (iv) private laboratory reports of IMD confirmations to PHE; and (v) individual death registration data obtained from the Offices for National Statistics (ONS) for surveillance purposes. Linkage was performed using unique patient NHS Number, surname, forename, date of birth, date of specimen, postcode and reporting laboratory. Clinical diagnosis in HES was cross-checked with sample site of the clinical specimen (e.g. CSF confirmation indicated meningitis). The case fatality rate (CFR) was defined as a fatal outcome within 30 days of a positive laboratory test. On inspection of death certificate information, 10 cases were identified that died after 30 days, but were attributed to a complication of IMD. However, there was no difference between the 30-day and the overall case fatality rates, therefore for the subsequent analysis 30-day CFR was used. 

DATA ANALYSIS
All analyses were performed using Stata version 14·0 (StataCorp LP, College Station, TX, USA). The dataset was analysed in terms of age, capsular group, clinical presentation, diagnostic test and outcomes of hospitalised IMD cases. The mid-year 2009 England population was used to estimate the annual age-specific and gender-specific incidence (www.statistics.gov.uk). For univariate analysis, medians and interquartile range were used to summarise age distribution and compared using the Mann-Whitney U test. All other categorical data was compared using Pearson’s chi-squared test. Risk factors for death were assessed using multivariable logistic regression using the following variables: age group, gender, capsular group, diagnostic method, clinical presentation and year of diagnosis. Variable with a P value <0.05 in the model were considered significant
Clinical presentation of cases was determined by interrogation of ICD-10 codes contained within HES records for each case.  All potential codes associated with an admission were analysed, with clinical diagnosis cross checked with specimen site. Presentation was analysed in terms of meningitis only, septicaemia only, meningitis and septicaemia, or other IMD.  For other presentations, cases must have an ‘other’ IMD code (meningococcal heart disease/ carditis/ endocarditis/ myocarditis/ pericarditis, other meningococcal infections, meningococcal arthritis) and be negative for meningitis and septicaemia. See appendix 1 for details of ICD-10 codes used to code clinical presentation,
 
Ethics Statement
PHE has legal permission, provided by Regulation 3 of The Health Service (Control of Patient Information) Regulations 2002, to process patient confidential information for national surveillance of communicable diseases (http://www.legislation.gov.uk/uksi/2002/1438/regulation/3/made). For meningococcal disease, PHE has specific permissions to link national datasets using available identifiers. 
[bookmark: _Toc428982213]RESULTS
4,619 of 5,115 (90%) IMD cases confirmed by the Meningococcal Reference Unit linked to hospitalised cases in the HES database, and were coded as A39* “meningococcal disease” (n=3,935, 76·93%%), G00* “bacterial meningo-encephalitis” (n=340, 6·65%) or another infection-related ICD-10 code (n=840, 16·42%). Most of the remaining unmatched, MRU-confirmed cases did not have sufficient identifiers for successful linkage or died prior to hospital admission. IMD cases declined over the five-year period, but the age and gender distribution, capsular group and CFR were similar; therefore, all cases were combined for further analysis. The mean annual incidence for hospitalised IMD cases was 1·77 (95% CI, 1·72-1·82) per 100,000 population (Figure 1), with 2,507/4,619 cases (54·28%) diagnosed in children aged <5 years, including 1,115/4,619 cases (24·14%) in infants (<1 year-olds) (Figure 2). MenB was responsible for the majority of cases (n=4,034, 87·33%), followed by MenY (n=242, 5·24%), MenW (n=105, 2·27%), MenC (n=87, 1·88%), and other capsular groups (n=151, 3·27%). MenB was responsible for 93·56% (2,294/2,452) of cases in <15 year-olds and 53·52% (152/284) in ≥65 year-olds (Figure 2).
Clinical Presentation
Meningitis only (n=2,057, 44·53%) and septicaemia only (n=1,725, 37·35%) accounted for the majority of clinical presentations, while presentation with both meningitis and septicaemia was less common (n=389, 8·42%). Clinical presentation varied with age (Figure 3a) and capsular group (Table 1).  In infants (<1 year-olds), the prevalence of meningitis only and septicaemia only was similar, while septicaemia predominated in toddlers and older children, and meningitis accounted for more than half the adult cases. In older adults, other clinical presentations, particularly pneumonia, predominated.
When assessed by capsular group (Table 1), clinical presentation among MenB cases varied with age, with septicaemia only being more common amongst 1-14 year-olds, and meningitis predominating in the other age groups. MenB was also less likely to present with other IMD presentations compared to other capsular groups (RR 0.40; 95%CI, 0.33-0.49; P<0.0001). 

Diagnostic method
Diagnostic method was available for all 4,619 cases. More than half (2,526/4,619, 54·69%) were confirmed by PCR only, 22·91% (1,058/4,619) by culture only and 22·41% (1,035/4,619) by both culture and PCR (Figure 3b). In a multivariable logistic regression model, confirmation by any culture was independently associated with age, capsular group and clinical presentation (Table 2). 

Case Fatality
[bookmark: _Toc428982220]The CFR was 4·46% (206/4,619; 95% CI, 3·88-5·10%) and varied by age, clinical presentation and capsular group (Table 3). There were an additional ten deaths after 30 days that were attributed to a complication of IMD on the death certificate, giving an overall CFR of 4·68% (216/4,619, 95% CI, 4·09-5·33%). CFR was low for all age groups except older adults (Table 3).
CFR was highest in those presenting with both meningitis and septicaemia, followed by septicaemia only (Table 3). CFR was also higher for MenY and MenW compared with MenB cases, although confidence intervals are wide due to small numbers of cases and deaths. When assessed by age-group, IMD deaths in <5 year-olds were mainly due to MenB, with the highest CFR among those presenting with septicaemia. Among 5-24 year-olds, a higher CFR was observed for MenACWY capsular groups than MenB, although differences were non-significant. The highest CFR was among ≥65 year-olds, especially those with MenW disease and those presenting with meningitis and septicaemia, or septicaemia only (Supplementary Table 1).
There was significant interaction between age and capsular group. Therefore, two logistic regression models were developed, one for MenB and another for MenACWY cases. Compared with infants, MenB-associated CFR was significantly higher among adolescents (15-24yrs), adults aged 45-65yrs and older adults (≥65 year-olds). Those presenting with meningitis and septicaemia (389/4,619 [8·42%] cases, 39/389 [10·03%] died) had a 5·3-fold age-adjusted risk of death compared to those presenting with meningitis only (2,057/4,619 [44·53%] cases, 45/2,057 [2·19%] died). Those presenting with septicaemia only (1,725/4,619 [37·34%] cases, 114/1,725 [6·61%] died) had a 4·4-fold higher age-adjusted risk of death than meningitis only cases  (Table 4a). 
Among MenACWY cases, a higher risk of death was observed among those presenting with meningitis and septicaemia, particularly among adolescents and those aged ≥65 years. A lower risk of death was observed for those with other clinical presentations (Table 4b). In adolescents, after adjusting for age and clinical presentation, the relative risk of death after meningococcal A, C, W or Y disease (8/74 died, 10·81%) compared to MenB disease (29/587 died, 4·94%) was 2·32 (95% CI, 1·00-5·38; P=0·051).
Since both PCR-testing and culture was likely to be performed more routinely in children because of more typical clinical presentations with meningitis and septicaemia, a logistic regression model was developed for <15 year-olds and included age, gender, surveillance year, clinical presentation, capsular group and diagnostic test as the independent variables (Table 4c). In this model, those who died within 30 days were 1·56-fold (95% CI, 1·02-2·39; P=0·040) more likely to have a positive culture result (with or without PCR-confirmation), than diagnosis by PCR alone. 
Exploratory analysis: severe complications associated with CFR
The HES dataset was further explored for severe complications of IMD and association with fatal outcomes using pre-defined ICD-10 codes (Supplementary Table 2). Higher CFRs were seen with most of the complications analysed, including acute kidney disease, hypotension, pulmonary oedema, intravascular coagulation, seizures and cardiac arrest. 

[bookmark: _Toc428982233]DISCUSSION
Through linkage of multiple national data sources, we have analysed by far the largest cohort of laboratory-confirmed, hospitalised IMD cases in an industrialised country over a relatively short surveillance period of five years. Our results confirm the significant morbidity and mortality associated with this devastating disease, despite declining incidence in recent years. MenB was responsible for the majority of confirmed cases, especially in children and young adults. After adjusting for age, meningitis only and septicaemia only were equally responsible for most clinical presentations among MenB and MenACWY cases, with the highest CFR observed among those with both presentations together. CFR was low across all age groups except ≥65 year-olds and those presenting with MenACWY disease compared to MenB disease. In children, those who died were significantly more likely to have a positive culture result than confirmation by PCR only.
Linkage of large datasets is increasingly becoming recognised as a cost-efficient tool for surveillance of infectious diseases and monitoring trends. Despite the complexities of linking national data sources that were not designed for integration, the increased recording of unique NHS numbers for individual patients in recent years has facilitated linkage of healthcare records. By linking multiple national datasets, we were able to demonstrate that the MRU, which is the currently the focal point for IMD surveillance in England, captured >95% of laboratory-confirmed cases nationally,5 consistent with our previous reports demonstrating high case ascertainment highlighting the advantage of having  a single national reference centre.6 We also linked 90% of MRU-confirmed cases to a hospitalisation record, equivalent to an average annual incidence of laboratory-confirmed, hospitalised IMD cases of 1·77/100,000, compared to 2·0/100,000 for all MRU-confirmed cases for the same 5-year period.3 The remaining MRU-confirmed cases either did not have sufficient identifiers for linkage or were not hospitalised, most likely because they died outside the hospital setting.5 Such rapidly fatal cases not only demonstrate the aggressive nature of the infection, but also highlight the importance of prevention through vaccination. On the other hand, understanding the characteristics of hospitalised IMD cases provides an opportunity to identify potentially modifiable risk factors to define priorities for interventions to improve outcomes. 
Clinical disease
Our analysis reveals a complex interaction between age, capsular group, clinical presentation and fatal outcome. In children, MenB dominated among IMD cases and meningitis was more prevalent in infants, while septicaemia was more common in toddlers and older children. In Liverpool, among >1,000 children admitted to a single hospital over a 31-year period, 53% presented with meningitis and septicaemia, 30% with septicaemia alone and 16% with meningitis only, while only two children (0·17%) had other clinical presentations.7 In our cohort, dual presentation with meningitis and septicaemia accounted for only 9·18% of clinical presentations in <15 year-olds. Possible reasons for differences in clinical presentations include changing epidemiology (e.g. MenC disease is associated with septicaemia, and accounted for almost half the IMD cases in the late 1990’s but is currently rare in the UK), earlier recognition and treatment of suspected IMD cases, and changing clinical practices, such as fewer lumbar punctures being performed in recent years.8,9
In adults, it is noteworthy that 65% of 15-64 year-olds presented with meningitis only. Atypical clinical presentations, including pneumonia and septic arthritis, mainly occurred among ≥65 year-olds, usually due to the less prevalent capsular groups, such as MenW and MenY. The association between these capsular groups and atypical clinical presentations, especially in older adults, is well-reported.10,11
In terms of IMD, the development of septicaemia is often associated with complications and high CFRs and therefore there would be rationale for analysing cases as those with septicaemia in comparison to those without. However, given the higher CFR we found associated with dual presentation, the decision was made to keep clinical presentation grouped into the four aforementioned categories. It is plausible that analysis of septicaemia versus no septicaemia cases may yield further results. In addition, the HES database was used to classify clinical diagnosis of cases, therefore reliant on the diagnosis made by the clinician caring for the patient. This is a potential source of variability that could not be addressed in this analysis and highlights a need to validate this data source against clinical records. 

Case fatality
Overall, CFR was associated with age, capsular group, clinical presentation and diagnostic method. The significantly higher CFR in ≥65 year-olds with MenB or MenACWY was independent of clinical presentation and is most likely explained by the high prevalence of underlying comorbidities.10,11 In the logistic regression model, clinical presentation with meningitis and septicaemia together, was independently associated with the highest risk of death among MenB and MenACWY cases, with septicaemia only also a significant risk factors in MenB cases. The higher CFR associated with septicaemia compared to meningitis is well-reported, although most of the published studies were undertaken prior to MenC vaccine introduction.7,12 The UK MenC outbreak in the 1990s was particularly associated with septicaemia presentation, with an aggressive clinical course and severe clinical outcomes, including death.13 The higher CFR in those with both septicaemia and meningitis is plausible since it indicates loss of systemic control of infection which can lead to end-organ failure. 
The highest burden of MenB disease was observed in infants (26%) and toddlers (31%), who accounted for 57% of all MenB cases and 46% of all MenB deaths. This age-group is particularly susceptible to serious invasive infections by encapsulated bacteria, including meningococci.14  In September 2015, the UK was the first country to introduce the novel, multi-component protein-based MenB vaccine (4CMenB, Bexsero®, GSK Biologicals) into the national infant immunisation programme.15 This vaccine is estimated to protect against 73-88% of circulating MenB strains in the UK and should also protect against other meningococcal capsular groups that share the same vaccine antigens.15 The programme, therefore, has the potential to significantly reduce the burden of IMD – including deaths - in infants and toddlers in the coming years
The age distribution of MenACWY cases was different to MenB cases, with few cases in infants and a small peak associated with a significantly higher CFR among 15-24 year-olds, followed by increasing number of cases diagnosed from 45 years of age. In adolescents, several clinical and social risk factors for IMD have been identified 16, but they  do not explain the higher CFR in MenACWY compared to MenB cases. Of particular concern in the UK is the recent emergence of an endemic hypervirulent strain of MenW belonging to ST-11 clonal complex,11 which led to the emergency introduction of an adolescent MenACWY conjugate vaccine programme in August 2015, with a plan to immunise all 14-18 year-olds over two years.4 This programme should provide vaccinated adolescents with direct protection against invasive disease and, because the MenACWY conjugate vaccine also prevents asymptomatic nasopharyngeal carriage,17should also provide indirect (herd) protection to unvaccinated children and adults in the coming years.18
The role of PCR-testing
Our study highlighted the importance of a national PCR testing service for confirming the diagnosis of IMD. Confirmation by culture was more likely at the extremes of age, with septicaemia presentations (with or without meningitis) where a higher bacterial load in the blood would be expected and with capsular groups that were more likely to have atypical clinical presentations (MenW, MenY). In children, culture-confirmed cases had a significantly higher CFR compared to by PCR–only. Two previous studies have reported more severe clinical disease and higher CFR associated with increasing meningococcal blood DNA load, especially in those presenting with septicaemia, but neither study assessed these associations in relation to culture positivity.12,19 Culture positivity requires viable bacteria and a higher bacterial load, compared to PCR confirmation, which can detect very small quantities of meningococcal DNA. 20,21 Therefore, culture positivity could indicate uncontrolled bacterial replication, resulting in more severe disease and poor outcomes. However, it is also possible that meningococcal strains identified through culture may be more virulent than those confirmed by PCR only.22 This merits further investigation. 
 It is possible that pre-hospital antibiotic treatment could have influenced the results of culture/PCR confirmation. Equally, results may have been affected by the source of the sterile biological material used for testing. This information was not routinely collected as part of the national surveillance dataset, and as such unavailable for analysis, although as a consequence of this linkage work patient sample site data will soon be collected routinely. 
Severe complications
The exploratory analysis also identified a number of severe complications associated with CFR. It is possible that individuals with more severe clinical outcomes, including death, may have more complete recording on HES compared to those who survived. However, the identified risk factors are biologically plausible and many of the risk factors have been reported in other clinical studies. 23,24 Their presence in any patient with suspected IMD should alert the clinician to a potentially severe course of illness.
Conclusions
Whilst acknowledging the limitations of linking datasets that were not designed for integration, the large number of laboratory-confirmed cases with clinical and outcome data has allowed us to study, in detail, the complex interactions between age, meningococcal capsular group, clinical presentation, diagnostic method and outcomes. The exclusion of a small number of unlinked cases, laboratory-unconfirmed cases and those that died outside the hospital setting is unlikely to affect our overall findings. We also recognise that the information coded in HES may be limited compared to clinical studies, but the large number of cases over a relatively short period provides true insight into disease characteristics at a population level. Our results provide age- and capsular-group specific data on clinical presentations, risk factors and outcomes of IMD and suggest that the recent introduction of the infant MenB and adolescent MenACWY immunisation programmes could have a significant impact in reducing meningococcal disease and deaths in the UK in the coming years.
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Figure 1. Mean annual age-specific and gender-specific incidence of hospitalised cases of laboratory-confirmed IMD in England during 2007-11. The numbers above the bars denote the incidence for that age group and gender











Figure 2. Number (a) and Proportion (b) of IMD cases caused by different capsular groups in different age groups among hospitalised cases with laboratory-confirmed IMD in England during 2007-11. 








Figure 3. Prevalence of (a) clinical presentation and (b) diagnostic confirmation by age group among hospitalised cases with laboratory-confirmed IMD in England during 2007-11 








Table 1. Number (percentages) of different clinical presentations by age group and capsular group among hospitalised IMD cases confirmed in England during 2007-11. 

	Age group
	Capsular group
	Clinical presentation
	Total number of IMD cases

	
	
	Meningitis only cases/ total IMD cases (%)
	Septicaemia only cases / total IMD cases (%)
	Meningitis & septicaemia/ total IMD cases (%)
	Other presentations / total IMD cases (%)
	

	Total
	
	2057/4619 (45%)
	1725/4619
(37%)
	389/4619 (8%)
	448/4619 
(10%)
	4619

	All ages
	MenB
	1807/4034
(45%)
	1554/4034
(39%)
	344/4034 (9%)
	329/4034
 (8%)
	4034

	
	MenC
	33/87
(38%)
	35/87
(40%)
	8/87
 (9%)
	11/87
 (13%)
	87

	
	MenW
	47/105
(45%)
	28/105
(27%)
	6/105 
 (6%)
	24/105
 (23%)
	105

	
	MenY
	91/242
(38%)
	69/242
(29%)
	27/242
 (11%)
	55/242
 (23%)
	242

	
	Other
	79/151
(52%)
	39/151 
(26%)
	4/151
 (3%)
	29/151 
(19%)
	151

	<1
	MenB
	500/1043
(48%)
	370/1043
(35%)
	107/1043
(10%)
	66/1043
 (6%)
	1043

	
	MenC
	5/6
 (83%)
	1/6
(17%)
	0
	0
	6

	
	MenW
	10/17
(59%)
	6/17
(35%)
	0
	1/17 
(6%)
	17

	
	MenY
	5/15
(33%)
	2/15
(13%)
	5/15 
(33%)
	3/15 
(20%)
	15

	
	Other
	18/34
(53%)
	7/34
(21%)
	0
	9/34
 (26%)
	34

	1-4
	MenB
	366/1306
(28%)
	714/1306
(55%)
	100/1306 (8%)
	126/1251 
(10%)
	1251

	
	MenC
	3/12
(25%)
	6/12
(50%)
	1/12 
(8%)
	2/12
 (17%)
	12

	
	MenW
	7/18
 (39%)
	6/18
(33%)
	3/18 
(17%)
	2/18
 (11%)
	18

	
	MenY
	2/9
(22%)
	2/9
(22%)
	2/9 
(22%)
	3/9
 (33%)
	9

	
	Other
	18/47 
(38%)
	20/47
 (43%)
	0
	9/47
 (19%)
	47

	5-14
	MenB
	132/434
(30%)
	194/434
(45%)
	51/434 
(12%)
	57/434 
(13%)
	434

	
	MenC
	2/12
(17%)
	6/12 
(50%)
	2/12
 (17%)
	2/12
 (17%)
	12

	
	MenW
	3/7
(43%)
	3/7
 (43%)
	0
	1/7
 (14%)
	7

	
	MenY
	7/18
(39%)
	5/18 
(28%)
	3/18 
(17%)
	3/18 
(17%)
	18

	
	Other
	11/19
(58%)
	4/19 
(21%)
	1/19
 (5%)
	3/19 
(16%)
	19

	15-24
	MenB
	415/587 
(71%)
	109/587 
(19%)
	36/587
 (6%)
	27/587
 (5%)
	587

	
	MenC
	5/9
(56%)
	3/9 (33%)
	0
	1/9
 (11%)
	9

	
	MenW
	9/14
(64%)
	2/14
 (14%)
	0
	3/14
 (21%)
	14

	
	MenY
	25/51
(49%)
	12/51
 (24%)
	7/51 
(14%)
	7/51
 (14%)
	51

	
	Other
	16/23
(70%)
	2/23 
(9%)
	2/23
 (9%)
	3/23 
(13%)
	23

	25-44
	MenB
	142/224
(63%)
	50/224
(22%)
	16/224 
(7%)
	16/224
 (7%)
	224

	
	MenC
	5/16
(31%)
	7/16
 (44%)
	2/16
 (13%)
	2/16 
(13% )
	16

	
	MenW
	¾
(75%)
	0
	¼
 (25%)
	0
	4

	
	MenY
	10/14
(71%)
	2/14
 (14%)
	1/14(
7%)
	1/14 
(7%)
	14

	
	Other
	5/9
(56%)
	1/9 
(11%)
	1/9
 (11%)
	2/9
 (22%)
	9

	45-64
	MenB
	182/288
(63%)
	72/288
 (25%)
	19/288
 (7%)
	15/288
 (5%)
	288

	
	MenC
	11/23
(48%)
	8/23
 (35%)
	2/23
 (9%)
	2/23 
(9%)
	23

	
	MenW
	10/20
(50%)
	3/20
 (15%)
	0
	7/20 
(35%)
	20

	
	MenY
	23/41
(56%)
	10/41 
(24%)
	3/41 
(7%)
	5/41 
(12%)
	41

	
	Other
	10/15
(67%)
	3/15
 (20%)
	0
	2/15
 (13%)
	15

	65+



	MenB
	70/152
 (46%)
	45/152
 (30%)
	15/152
 (10%)
	22/152
 (14%)
	152

	
	MenC
	2/9
(22%)
	4/9
 (44%)
	1/9
 (11%)
	2/9
 (22%)
	9

	
	MenW
	5/25
(20%)
	8/25
 (32%)
	2/25 
(8%)
	10/25
 (40%)
	25

	
	MenY
	19/94
(20%)
	36/94 
(38%)
	6/94 
(6%)
	33/94
 (35%)
	94

	
	Other
	¼
(25%)
	2/4
(50%)
	0
	1/4 
(25%)
	4





Table 2- Factors associated with IMD confirmation using any culture (n=2093), as assessed using multivariate analysis. The logistic regression model included variables for; age group, capsular group, clinical presentation, year and sex

	Variable
	Number of culture-confirmed cases
	Odds ratio
	95%CI
	P value

	Capsular group
	MenB
	1749
	REF
	
	

	
	MenW
	80
	3·51
	2·21-5·60
	<0·001

	
	MenY
	197
	4·29
	3·04-6·07
	<0·001

	
	Other
	18
	0·18
	0·11-0·29
	<0·001

	Age
	<1 y
	576
	REF
	
	

	
	1-4 y
	547
	0·60
	0·51-0·70
	<0·001

	
	5-14 y
	177
	0·51
	0·41-0·63
	<0·001

	
	15-24 y
	259
	0·55
	0·46-0·67
	<0·001

	
	25-44 y
	109
	0·65
	0·49-0·85
	0·002

	
	65 y
	224
	2·37
	1·72-3·25
	<0·001

	Presentation
	Meningitis  only
	860
	REF
	
	

	
	Septicaemia only
	821
	1·32
	1·15-1·50
	<0·001

	
	Meningitis and Septicaemia
	199
	1·38
	1·10-1·72
	0·005
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Table 3: Summary of univariate analysis for risk factors associated with death due to meningococcal disease in England during 2007-2011. The median age of fatal cases (17·99; IQR,1·77-63·76 years) was significantly higher than that of survivors (3·74; IQR, 1·03-19·47 years; P<0.0001)
	        Variable
	Total cases
	Fatal cases
N (CFR, %)
	Survivors
N
	P value*


	Age group (years)

	<1
	1115
	37(3·3%)
	1078
	<0·001

	
	1-4 
	1392
	42(3·0%)
	1350
	

	
	5-14
	490
	11(2·2%)
	479
	

	
	15-24
	684
	37(5·4%)
	647
	

	
	25-44
	267
	10(3·7%)
	257
	

	
	45-64
	387
	18(4·7%)
	369
	

	
	65+
	284
	51 (18·0%)
	233
	

	Capsular group

	MenB
	4034
	168(4·2%)
	3866
	<0·001

	
	MenC
	87
	3(3·4%)
	84
	

	
	MenW
	105
	10(9·5%)
	95
	

	
	MenY
	242
	24(9·9%)
	218
	

	
	Other
	151
	1(0·7%)
	150
	

	Diagnostic confirmation method
	Culture & PCR
	1035
	52(5·0%)
	983
	<0·001

	
	Culture only
	1058
	73(6·9%)
	985
	

	
	PCR only
	2526
	81(3·2%)
	2445
	

	
	Any culture vs 
no culture
	2093
2526
	125(6·0%), 81(3.2%)
	1968
2445
	<0·001

	
	Any PCR vs 
no PCR
	2561
1058
	133(3·7%)
73(6·9%)
	3428
985
	<0·001

	Clinical presentation

	Meningitis only
	2057
	45(2·2%)
	2012
	<0·001
 

	
	Septicaemia only
	1725
	114(6·6%)
	1611
	

	
	Meningitis and septicaemia
	389
	39(10·0%)
	350
	

	
	Other IMD
	448
	8(1·8%)
	440
	



CFR, case fatality rate
* Categorical data was compared using Pearson’s X2 test statistic














Table 4. Factors significantly associated with death (p<0·05) among (a) MenB hospitalised, laboratory-confirmed cases, (b) MenACWY hospitalised, laboratory-confirmed cases, and (c) childhood, hospitalised, laboratory-confirmed cases (<15year-olds) in England during 2007-11. The logistic regression models included variables for: age group, capsular group, diagnostic methods, clinical presentation, year and sex


	(a) Logistic Regression for MenB deaths
	Odds ratio
	95%CI
	P value

	Clinical presentation
	Meningitis only 
	REF
	
	

	
	Septicaemia only
	4·44
	3·01-6·53
	<0·001

	
	Meningitis and septicaemia
	5·29
	3·18-8·80
	<0·001

	Age group
	<1yrs
	REF
	
	

	
	15-24yrs
	2·49
	1·60-3·88
	<0·001

	
	45-64yrs
	2·33
	1·32-4·13
	0·004

	
	65+yrs
	9·51
	5·90-15·33
	<0·001


	(b) Logistic Regression for MenACWY deaths
	Odds ratio
	95%CI
	P value

	Clinical presentation
	Meningitis only 
	REF
	
	

	
	Meningitis and septicaemia
	6·06
	2·44-15·02
	<0·001

	
	Other

	0·26
	0·07-0·91
	0·036

	Age group
	<1yrs
	REF
	
	

	
	15-24yrs
	4·22
	1·45-12·26
	0·008

	
	65+yrs

	9·09
	3·60-22·95
	<0·001




	(c) Logistic Regression for childhood deaths (<15 years) 
	Odds ratio
	95%CI
	P value

	Clinical presentation
	Meningitis only 
	REF
	
	

	
	Septicaemia only
	9·10
	4·35-19·02
	<0·001

	
	Meningitis and septicaemia 

	9·73
	4·08-23·19
	<0·001

	Diagnostic method
	PCR only
	REF
	
	

	
	Any culture
	1·56
	1·02-2·39
	0·040






1            

Supplementary Table 1· Cases, deaths and case fatality ratio (CFR) by age and capsular group for hospitalised IMD cases in England during 2007-11. Absolute No refers to the number of deaths divided by the total number of cases in that group. CFR, case fatality rate. 95% CI, 95% confidence interval for the case fatality rat
	
Age and Capsular group
	
	Case Fatality Ratio (CFR)
	Overall CFR

	
	
	Meningitis only
	Septicaemia only
	Meningitis and septicaemia
	Other IMD

	

	All ages
All caps
	Absolute no0
CFR (95% CI)
	45/2057
 2·19 (1·60-2·92)
	114/1725
 6·61 (5·48-7·89)
	39/389
 10·03 (7·23-13·45)
	8/448
 1·79 (0·77-3·49)
	206/4619
 4·46 (3·88-5·10)

	All ages
	MenB
	Absolute no0
CFR (95% CI)
	37/1807
2·05 (1·46-2·81)
	98/1554
6·31 (5·15-7·63)
	28/344
 8·14  (5·48-11·55)
	3/329
0·91 (0·19-2·64)
	168/4034
 4·16 (3·57-4·83)

	
	MenC
	Absolute no0
CFR (95% CI)
	0
0
	2/35
 5·71 
(0·70-19·16)
	1/8
 12·50 
(0·32-52·65)
	0
0
0
	3/87
 3·45
(0·72-9·75)

	
	MenW
	Absolute no0
CFR (95% CI)
	3/44
 6·82 
(1·43-18·66)
	4/28
14·29 
(4·03-32·67)
	2/6
 33·33 
(4·33-77·72)
	1/24 4·17 
(0·11-21·12)
	10/105 9·52
(4·66-16·82)

	
	MenY
	Absolute no0
CFR (95% CI)
	5/91
 5·49 
(1·81-12·36)
	9/69 
13·04
(6·14-23·32)
	8/27 
29·63 
(13·75-50·18)
	2/55
 3·64 
(0·44-12·53)
	24/242
 9·92
(6·46-14·40)

	
	Other
	Absolute no0
CFR (95% CI)
	0
0
0
	1/39 
2·56 
(0·06-13·48)
	0
0
0
	0
0
0
	1/151
 0·66
(0·02-3·63)

	
	ACWY
	Absolute no0
CFR (95% CI)
	8/172
 4·65 
(2·03-8·99)
	15/133
 11·28 
(6·45-17·92)
	11/41
 26·83
(14·22-42·94)
	3/91
 3·30 
(0·69-9·33)
	37/437
 8·47
(6·03-11·48)

	<1 y
	MenB
	Absolute no0
CFR (95% CI)
	0
0
0
	31/370
 8·38
(5·76-11·68)
	5/107 
4·67
(1·53-10·57)
	1/66 
1·27
(0·03-6·85)
	37/1043 
3·55
(2·51-4·86)

	
	MenC
	Absolute no0
CFR (95% CI)
	0
0
0
	0
0
0
	0
0
0
	0
0
0
	0
0
0

	
	MenW
	Absolute no0
CFR (95% CI)
	0
0
0
	0
0
0
	0
0
0
	0
0
0
	0
0
0

	
	MenY
	Absolute no0
CFR (95% CI)
	0
0
0
	0
0
0
	0
0
0
	0
0
0
	0
0
0

	
	Other
	Absolute no0
CFR (95% CI)
	0
0
0
	0
0
0
	0
0
0
	0
0
0
	0
0
0

	
	ACWY
	Absolute no0
CFR (95% CI)
	0
0
0
	0
0
0
	0
0
0
	0
0
0
	0
0
0

	1-4 y
	MenB
	Absolute no0
CFR (95% CI)
	2/366
 0·55 
(0·07-1·96)
	31/714 
4·34 
(2·67-6·11)
	7/100
 7·00 
(2·86-13·89)
	1/126
 0·79
 (0·02-4·34)
	41/1265 
3·24
(2·33-4·37)

	
	MenC
	Absolute no0
CFR (95% CI)
	0
0
0
	1/6 
16·67 
(0·42-64·12)
	0
0
0
	0
0
0
	1/12
 8·33
(0·21-38·48

	
	MenW
	Absolute no0
CFR (95% CI)
	0
0
0
	0
0
0
	0
0
0
	0
0
0
	0
0
0

	
	MenY
	Absolute no0
CFR (95% CI)
	0
0
0
	0
0
0
	0
0
0
	0
0
0
	0
0
0

	
	Other
	Absolute no0
CFR (95% CI)
	0
0
0
	0
0
0
	0
0
0
	0
0
0
	0
0
0

	
	ACWY
	Absolute no0
CFR (95% CI)
	0
0
0
	1/14 
7·14
(0·18-33·87)
	0
0
0
	0
0
0
	1/40
 2·50
(0·06-13·16)

	5-14 y
	MenB
	Absolute no0
CFR (95% CI)
	3/132
 2·27 
(0·47-6·50)
	3/194 
1·55 
(0·32-4·45)
	2/51
 3·92
(0·48-13·46)
	0
0
0
	8/434 
1·84
(0·80-3·60)

	
	MenC
	Absolute no0
CFR (95% CI)
	0
0
0
	0
0
0
	0
0
0
	0
0
0
	0
0
0

	
	MenW
	Absolute no0
CFR (95% CI)
	0
0
0
	0
0
0
	0
0
0
	0
0
0
	0
0
0

	
	MenY
	Absolute no0
CFR (95% CI)
	1/7 
14·29
(0·36-57·87)
	1/5
 20·00 
(0·51-71·64)
	1/3 
33·33
(0·84-90·57)
	0
0
0
	3/18 
16·67
(3·58-41·42)

	
	Other
	Absolute no0
CFR (95% CI)
	0
0
0
	0
0
0
	0
0
0
	0
0
0
	0
0
0

	
	ACWY
	Absolute no0
CFR (95% CI)
	1/12
 8·33
(0·21-38·48)
	1/14 
7·14
(0·18-33·87)
	1/5 
20·00 
(0·51-71·64)
	0
0
0
	3/37 
8·11
(1·70-21·91)

	15-24 y
	MenB
	Absolute no0
CFR (95% CI)
	17/415
 4·10
(2·40-6·48)
	8/109 
7·34 
(3·22-13·95)
	3/36
 8·33
(1·75-22·47)
	1/27 
3·70
 (0·09-18·97)
	29/587 
4·94
(3·33-7·02)

	
	MenC
	Absolute no0
CFR (95% CI)
	0
0
0
	0
0
0
	0
0
0
	0
0
0
	0
0
0

	
	MenW
	Absolute no0
CFR (95% CI)
	1/9 
11·11 
(0·28-48·25)
	1/2
 50·00 
(1·26-98·74)
	0
0
0
	0
0
0
	2/14 
14·29
(1·78-42·81)

	
	MenY
	Absolute no0
CFR (95% CI)
	2/25 
8·00
(0·98-26·03)
	2/12 
16·67 
(2·09-48·41)
	2/7 
28·57
(3·67-70·96)
	0
0
0
	6/51 
11·76
(4·44-23·87)

	
	Other
	Absolute no0
CFR (95% CI)
	0
0
0
	0
0
0
	0
0
0
	0
0
0
	0
0
0

	
	ACWY
	Absolute no0
CFR (95% CI)
	3/39 
7·69
 (1·62-20·87)
	3/17
17·65 
(3·80-43·43)
	2/7 
28·57
(3·67-70·96)
	0
0
0
	8/74 
10·81
(4·78-20·20)

	25-44 y
	MenB
	Absolute no0
CFR (95% CI)
	4/142 
2·82
(0·77-7·06)
	5/50 
10·00 
(3·33-21·81)
	0
0
0
	0
0
0
	9/224
 4·02
(1·85-7·49)

	
	MenC
	Absolute no0
CFR (95% CI)
	0
0
0
	0
0
0
	1/2 
50·00
(1·26-98·74)
	0
0
0
	1/16
 6·25
(0·16-30·23)

	
	MenW
	Absolute no0
CFR (95% CI)
	0
0
0
	0
0
0
	0
0
0
	0
0
0
	0
0
0

	
	MenY
	Absolute no0
CFR (95% CI)
	0
0
0
	0
0
0
	0
0
0
	0
0
0
	0
0
0

	
	Other
	Absolute no0
CFR (95% CI)
	0
0
0
	0
0
0
	0
0
0
	0
0
0
	0
0
0

	
	ACWY
	Absolute no0
CFR (95% CI)
	0
0
0
	0
0
0
	1/4 
25·00
(0·63-80·59)
	0
0
0
	1/34 
2·94
(0·07-15·33)

	45-64 y
	MenB
	Absolute no0
CFR (95% CI)
	3/182 
1·65
 (0·34-4·47)
	10/72 
13·89
(6·87-24·06)
	2/19 
10·53 
(1·30-33·14)
	0
0
0
	15/288
5·21
(2·94-8·44)

	
	MenC
	Absolute no0
CFR (95% CI)
	0
0
0
	0
0
0
	0
0
0
	0
0
0
	0
0
0

	
	MenW
	Absolute no0
CFR (95% CI)
	1/10 
10·00
(0·25-44·50)
	0
0
0
	0
0
0
	0
0
0
	1/20 
5·00
(0·23-24·87)


	
	MenY
	Absolute no0
CFR (95% CI)
	0
0
0
	0
0
0
	1/3
 33·33
(0·84-90·57)
	0
0
0
	1/41
 2·44
(0·62-12·86)

	
	Other
	Absolute no0
CFR (95% CI)
	0
0
0
	0
0
0
	0
0
0
	0
0
0
	0
0
0

	
	ACWY
	Absolute no0
CFR (95% CI)
	2/44
 4·55 
(0·56-15·47)
	0
0
0
	1/5 
20·00 
(0·51-71·64)
	0
0
0
	3/86 
3·49
(0·73-9·86)

	≥65 y
	MenB
	Absolute no0
CFR (95% CI)
	8/70
 11·43 
(5·07-21·28)
	10/45
 22·22 
(11·20-37·09)
	9/15
 60·00 
(32·29-83·66)
	2/20
 10·00
 (1·23-31·70)
	29/152 
19·08
(13·17-26·23)

	
	MenC
	Absolute no0
CFR
95% CI
	0
0
0
	1/4
 25·00
(0·63-80·59)
	0
0
0
	0
0
0
	1/9 
11·11
(0·28-48·25)

	
	MenW
	Absolute no0
CFR
95% CI
	0
0
0
	3/8 
37·50 
(8·52-75·51)
	2/2
 100
(0·16-1·00)
	1/10 
10·00
 (0·25-44·50)
	6/25
 24·00
(9·36-45·13)

	
	MenY
	Absolute no0
CFR
95% CI
	2/19 
10·53 
(1·30-33·14)
	6/36 
16·67 
(6·37-32·81)
	4/6 
66·67 
(22·28-95·67)
	2/33 
6·06 
(0·74-20·23)
	14/94 
14·89
(8·39-23·72)

	
	Other
	Absolute no0
CFR
95% CI
	0
0
0
	1/2
50.00
 (1·26-98·74)
	0
0
0
	0
0
0
	1/4 
25·00
(0·63-80·59)

	
	ACWY
	Absolute no0
CFR
95% CI
	2/26
 7·69
 (0·95-25·13)
	10/48 
20·83
 (10·47-34·99)
	6/9
 66·67
 (29·92-92·51)
	3/45 
6·67
(1·40-18·27)
	21/128 
16·41
(10·45-23·98)
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Supplementary Table 2· Cases, deaths and case fatality ratios (CFR), along with odds of death for complications after adjusting for age in years and capsular group) among hospitalised IMD cases confirmed in England during 2007-11

	Complication
	Number and % of IMD cases
	CFR
	CFR if meningitis also coded
	CFR if septicaemia also coded
	Odds of death 

	Acidosis
	107
(2·32%)
	21·50
(14·14-30·49)
	10·26 (2·87-24·22)
	30·12
(20·53-41·18)
	5·21(3·17-8·56,
 P<0·001)

	Acute Kidney failure
	151
(3·27%)
	17·22 (11·57-24·20)
	25·00 (14·39-38·37)
	31·37 (22·55-41·31)
	3·29(2·16-5·01,
P<0·001)

	Pneumonia
	185
(4·01%)
	14·05 (9·39-19·91)
	32·89 (22·58-44·63)
	26·09 (17·48-36·29)
	1·76(1·15-2·68,
 P=0·009)

	Hypotension
	228
(4·94%)
	10·09 (6·50-14·75)
	14·78 (8·85-22·61)
	27·71 (18·45-38·62)
	4·19(2·54- 6·92,
 P<0·001)

	Pulmonary edema
	51 (1·10%)
	17·65 (8·40-30·87)
	15·38 (1·92-45·45)
	23·26 (11·76-38·63)
	4·20(1·99-8·87, 
P<0·001)

	Intravascular coagulation
	63 (1·36%)
	15·87 (7·88-27·26)
	0
	20·69 (11·17-33·35)
	5·43(2·75-10·72,
P<0·001)

	Seizures
	83
(1·80%)
	7·23
(2·70-15·07)
	5·77 (1·21-15·95)
	16·13 (5·45-33·73)
	2·12(0·97-4·63, 
P=0·060)

	Cardiac arrest
	51(1·10%)
	43·14(29·35-57·75)
	58·33 (27·67-84·83)
	50·00 (34·19-65·81)
	17·71(9·54-32·87, P<0·001)


















Appendix 1
The following ICD-10 codes were considered as presentation with meningitis: A390, G0*, A87; septicaemia: A391, A392, A393, A394, A41, A40, P36, other presentation A398, A399, A395. Cases were analysed in the following categories; presentation with meningitis only (positive for any meningitis code but negative for any septicaemia code), septicaemia only (positive for any septicaemia code but negative for any meningitis code), concurrent meningitis and septicaemia, other presentations (including those with no codes for meningitis or septicaemia). 


Male	
<	1	1-4	5-14	15-24	25-44	45-64	65+	All ages	37.533039647577112	12.02815296237543	1.7337501208468959	2.055266403052213	0.401018477063666	0.50328835643931202	0.50806416742335803	1.9075519412283799	Female	
<	1	1-4	5-14	15-24	25-44	45-64	65+	All ages	29.346485819975321	9.862314980711183	1.493879151260334	1.9488558616727021	0.32977035991300602	0.67651029413097097	0.80620523439356495	1.6347641784933671	Age group (years)
Incidence per 100,000 male/female population

MenB	<	1	1-4	5-14	15-24	25-44	45-64	65+	1043	1306	434	587	224	288	152	MenC	<	1	1-4	5-14	15-24	25-44	45-64	65+	6	12	12	9	16	23	9	MenW	<	1	1-4	5-14	15-24	25-44	45-64	65+	17	18	7	14	4	20	25	MenY	<	1	1-4	5-14	15-24	25-44	45-64	65+	15	9	18	51	14	41	94	Other	<	1	1-4	5-14	15-24	25-44	45-64	65+	34	47	19	23	9	15	4	Age  in years
Number of IMD cases
MenB	<	1	1-4	5-14	15-24	25-44	45-64	65+	1043	1306	434	587	224	288	152	MenC	<	1	1-4	5-14	15-24	25-44	45-64	65+	6	12	12	9	16	23	9	MenW	<	1	1-4	5-14	15-24	25-44	45-64	65+	17	18	7	14	4	20	25	MenY	<	1	1-4	5-14	15-24	25-44	45-64	65+	15	9	18	51	14	41	94	Other	<	1	1-4	5-14	15-24	25-44	45-64	65+	34	47	19	23	9	15	4	Age  in years
Proportion of IMD cases
Meningitis only	<	1	1-4	5-14	15-24	25-44	45-64	65+	48.251121076233119	28.44827586206895	31.632653061224509	68.713450292397667	61.797752808988839	60.981912144702861	34.154929577464728	Septicaemia only	<	1	1-4	5-14	15-24	25-44	45-64	65+	34.618834080717427	53.735632183908081	43.265306122449047	18.71345029239766	22.471910112359559	24.806201550387591	33.450704225352062	Meningitis and Septicaemia	<	1	1-4	5-14	15-24	25-44	45-64	65+	10.04484304932735	7.6149425287356252	11.63265306122449	6.5789473684210504	7.8651685393258362	6.2015503875968996	8.4507042253521227	Other	<	1	1-4	5-14	15-24	25-44	45-64	65+	7.0852017937219802	10.201149425287349	13.46938775510205	5.9941520467836273	7.8651685393258362	8.0103359173126627	23.94366197183097	Age (years)
Clinical Presentation (%)
Culture 	&	 PCR	<	1	1-4	5-14	15-24	25-44	45-64	65+	314	378	117	106	27	67	26	Culture only	<	1	1-4	5-14	15-24	25-44	45-64	65+	262	169	60	153	82	134	198	PCR only	<	1	1-4	5-14	15-24	25-44	45-64	65+	539	845	313	425	158	186	60	Age (years)
Diagnosis Confirmation (%)
