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CHAPTERR 1 MENINGOCOCCAL DISEASE 

1.11 INTRODUCTION 

Meningococcall  disease remains a health problem worldwide.1 The causative organism is 

NeisseriaNeisseria meningitidis. Meningococci are gram-negative, aerobic diplococci and are clas-

sifiedd into serogroups according to the immunologic reactivitiy of their capsular polysac-

charides.22 Thirteen serogroups are recognized, of which only five — A, B, C, Y and 

W1355 — are clinically important. Serogroups A, B and C are the predominant causes of 

meningococcall  disease throughout the world, with serogroups B and C responsible for 

thee majority of cases in Europe and the Americas and serogroups A and C predominating 

throughoutt Asia and Africa.3 

NeisseriaNeisseria meningitidis causes a broad spectrum of diseases that ranges from transient 

feverr and bacteraemia to fulminant septicaemia and meningitis.2 Despite treatment with 

appropriatee antimicrobial agents, the overall case fatality rates have remained relatively 

stablee over the past 20 years, at about 10%, with a rate of up to 40% among patients with 

meningococcall  sepsis.2 Eleven to 19% of survivors have sequelae, such as hearing loss, 

neurologicall  disability, or loss of a limb.4 

Underlyingg immune defects that may predispose to invasive meningococcal infection 

includee functional or anatomical asplenia, a deficiency of properdin, and a deficiency of 

terminall  complement components.5-7 Although persons with these conditions have a sub-

stantiallyy elevated risk of meningococcal infection, infections in such persons account for 

onlyy a small proportion of cases.2 

Mostt epidemic and endemic cases of meningococcal disease are caused by strains of a 

limitedd number of genetically defined clonal groups.8 

1.22 EPIDEMIOLOGY OF MENINGOCOCCAL DISEASE 

Inn industrialized countries, annual attack rates of meningococcal disease average 1—3 

perr 100,000 of the population.9 The highest incidence is in children under the age of 5 

years,, with a secondary peak in teenagers and young adults.10 Attack rates increase under 
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situationss of crowding such as university students living in dormitories or catered hall 

accommodationn or military recruits.1112 In household contacts of cases with invasive 

disease,, the risk of invasive disease is increased by the factor of 400 to 800.13 Exposure to 

tobaccoo smoke, as well as concurrent viral infection of the upper respiratory tract, increases 

thee risk of meningococcal disease.1415 

Epidemicss are usually characterized by a predominance of a single meningococcal 

genotype,, higher incidence rates and a shift of cases toward older age groups.16 These 

epidemics,, usually caused by serogroup A and to a lesser extent group C, predominate 

throughoutt Asia and Africa.3 

N.N. meningitidis Group A have caused two pandemic waves:1718 the first pandemic 

wavee affected China, northern Europe and Brazil between the 1960s and the 1970s. A 

secondd pandemic wave began in China and Nepal in the early 1980s, and hit New Delhi 

inn 1985 and extended to Mecca, Saudi Arabia during the annual Hajj pilgrimage of 1987 

whenn almost 2000 Hajj pilgrims developed meningococcal disease serogroup A. In the 

mid-90ss an outbreak occurred in Mongolia.19 The most explosive epidemics have occurred 

inn SubSaharan Africa. In the African "meningitis belt", a region of savannah that extends 

fromm Ethiopia in the east to Senegal in the west, outbreaks of serogroup A meningococcal 

diseasee take place in irregular cycles every 5-12 years, and last for two to three dry seasons, 

frequentlyy resulting in enormous attack rates as high as 400-1000 per 100,000.16,20 The 

outbreakk with the highest number ever reported occurred in 1996 with more than 200,000 

casess and 20,000 deaths.2 More recent epidemics occurred in the year 2000 in Sudan with 

2,5499 cases,21 and Ethiopia with 1,000 cases.22 In 2001, a large outbreak was reported in 

Burkinaa Faso with more than 4,000 cases.23 

Serogroupss B and C are the main causes of endemic disease in Europe, Northern 

Americaa and New Zealand. Rates of disease in the US are about 1 per 100,000, in the UK 

aboutt 4-5 per 100,000 and in New Zealand it has reached over 20 per 100,000.2,24 

Emergingg in the mid-1990s, serogroup Y is now a major cause of endemic disease 

andd case clusters in parts of the USA, accounting for about a third of cases, but has not 

yett caused many cases elsewhere.25, M Serogroup Y is more commonly associated with 

pneumoniaa than serogroups B and C.26 

Serogroupp W135 accounts for 4% of all cases of sporadic disease in the US.26 It is 

generallyy considered to have low potential to cause invasive disease or outbreaks.27 In 2000, 

moree than 400 cases of disease caused by N. meningitidisserogroup W13 5, the largest Wl 3 5 

outbreakk reported to date, occurred worldwide among Hajj pilgrims and their contacts.28,29 

1.33 N. MENINGITIDIS W l 3 5 

Thee Hajj associated W135 outbreak in 2000 generated particular interest, as W135 
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hass hitherto not caused major outbreaks. Molecular typing of W135 isolates from this 

outbreakk showed the W135 to be of clonal origin (of the ET 37 complex) and closely re-

latedd to other meningococci with an established propensity to cause disease clusters.29,30 

W1355 isolates from England and France were characterized by serotyping, multilocus 

sequencee testing, DNA fingerprinting, and pulsed field gel electrophoresis. The serotype 

andd subtype of the Hajj associated Wl 35 strain was found to be 2a:P1.2,5.29The isolates 

weree all sequence type 11 by multilocus sequence typing, which is the most common 

sequencee type of the ET-37 complex.29 This sequence type was distinct from those found 

inn sporadic W135 infections unassociated with this outbreak.29 Cases of serogroup C 

meningococcall  disease in the UK are caused by the electrophoretic type 37 complex 

lineage.300 Serogroup C is known to be able to switch capsules.31 It is therefore conceiv-

ablee that vaccination campaigns against serogroup C may have promoted the spread of 

escapee mutants.30 

Thee origin of W135 remains unclear. Meningococci belonging to serogroup 

W1355 have been isolated from African patients with meningococcal disease since the 

earlyy 1980s.32 Mayer et al argue that the Hajj associated outbreak was not caused by 

emergencee of a new W135 strain but rather by expansion of the ET 37 clone that has 

beenn in circulation at least since 1970; the strains most closely related to those causing 

thee 2000 outbreak have been isolated in Algeria, Mali, and The Gambia in the 1990s.28 

Incidentallyy high levels of symptomless carriage of W135 strains were found during 

aa vaccine trial in Gambian children in 1996.30 It is conceivable that Moslems from 

Africann countries may have introduced the pathogenic strain into Saudi Arabia during 

thee Hajj.30 

1.44 MENINGOCOCCAL DISEASE AND TRAVEL 

Dataa on the risk of meningococcal infection for general travelers are rare.24'33,34 In a ques-

tionnairee survey directed to health authorities in industrialized nations, the incidence 

ratee per month of stay was estimated to be 4 per million travellers.35 Certain travelers are 

probablyy at increased risk during epidemics. From 1982-1984, an epidemic affecting over 

4,5000 local people occurred in Nepal.36 During that period, six cases of meningococcal 

diseasee occurred in tourists, with two deaths. AU of these individuals had trekked and been 

inn close contact with the local population. The small risk of travel-associated disease for 

thee ordinary traveler and the unpredictable nature of epidemics make it difficult to provide 

advicee to travelers about the use of meningococcal vaccine.24 

Thee best documented risk of meningococcal disease among travelers has been for 

pilgrimss going to Mecca and Medina in Saudi Arabia24'33 and will be dealt with under the 

chapterr of Hajj pilgrimage. 
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1.55 MENINGOCOCCAL CARRIAGE 

Humanss are the only natural reservoir of Neisseria meningitidis. The nasopharynx is 

thee site from which meningococci are transmitted by aerosol or secretions to others.2 

Meningococcall  disease is thought to develop when a pathogenic strain of Neisseria 

meningitidismeningitidis is transmitted to a susceptible individual from a nasopharyngeal carrier.25,37 

Thee rate of meningococcal carriage is lowest in young children, and highest in adolescents 

andd young adults.2 Carriage may last for months in 25 % of carriers, is intermittent in 

anotherr third, and is transient or infrequent in the remaining 40 %.38 In open populations 

transmissionn is slow. Rates of transmission and carriage are much higher among populations 

livingg in confined areas (military recruits, dormitories).25 The ability of rapid acquisition of 

meningococcall  carriage due to close social mixing has been demonstrated amongst British 

studentss within a short period as the first week at university39'40 Smoking was shown to be 

ann independent risk factor for the acqusition of meningococcal carriage.41 

Inn a study assessing rates of carriage by conventional swabbing compared with 

immunohistochemistryy in patients undergoing tonsillectomy showed that swabbing 

detectedd only a quarter of carriers indicating that N. meningitidis is more widespread in the 

populationn than previously thought.42 

Inn most persons, meningococcal carriage is an immunizing process, which results in 

systemicc protective antibody responses.25 In a small number of persons, N meningitidis 

penetratess the mucosa and gains access to the bloodstream, causing systemic disease.2 If 

meningococcall  disease occurs, it does so within days or weeks after the new acquisition 

off  N. meningitidis in the nasopharynx.25 The relation between carriage of Neisseria 

meningitidismeningitidis and progression to invasive disease is, however, not fully understood. 

Ann increase in the incidence of meningococcal disease in the population is largely a 

reflectionn of the introduction, transmission, and acquisition of new meningococcal 

strainss of a virulent clonal group or groups, the introduction of a large number of 

susceptibless into a population with circulating virulent clonal groups, and factors (e.g. 

closee contact) that enhance transmission or invasion of these strains.25 Members of the 

ETT 37 complex (largely serogroup C) may cause invasive meningococcal disease in 

onee in 20 to one in 400 acquisitions.25 Cases reflect the presence and transmission of 

strainss of virulent clonal groups, but the prevalence of some disease-associated strains in 

carrierss in a community, even in settings of outbreaks, can be low. During circulation in 

populations,, virulent meningococcal clonal groups arise, diversify and decay over years 

throughh transformation and genetic recombination, immune selection and mutation.25 

Meningococcall  carriage can be eradicated with antibiotics, such as Rifampicin, 

Ceftriaxonee and Ciprofloxacin.43,44 A single oral dose of ciprofloxacin 500 mg eliminates 

pharyngeall  carriage of N meningitidis effectively and has few adverse reactions.45 
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However,, the role of mass antibiotic prophylaxis to control an outbreak of meningococcal 
diseasee remains controversial.46 

1.66 MENINGOCOCCAL \ACCINES 

Polysaccharidee vaccines against groups A and C (bivalent meningococcal vaccine), or 

againstt A, C, Y and Wl 35 (quadrivalent meningococcal vaccine) are licensed and available 

worldwidee and shown to be safe.16 They are highly immunogenic.47 The quadrivalent vac-

cinee has demonstrated similar seroconversion rates for polysaccharide A and C (99% for 

bothh A and C)48 as the bivalent A+C vaccines (97.9% and 94.8% respectively)49 with ad-

ditivee efficacy against Y and W-135 (seroconversion rates of 97% and 89% respectively).48 

Clinicall  protective efficacy has been proven for serogroup A and C vaccines,50,51 but there 

aree no data yet on clinical protective efficacy against serogroups Y and W-135. As with 

anyy vaccine, vaccination with meningococcal polysaccharide vaccine, Groups A, C, Y and 

W-1355 combined may not protect 100% of susceptible individuals. Protective antibody 

levelss may be achieved within 10-14 days after vaccination.52 This is the minimum interval 

requiredd before entry into Saudi Arabia. 

Untill  the year 2000, most countries advised on the bivalent vaccine (except the 

Unitedd States). In response to the W135 outbreak in association with the Hajj 2000, 

manyy countries changed their recommendation to the quadrivalent vaccine, however 

uptakee of the quadrivalent vaccine remained poor for the Hajj 2001.53 In Singapore, the 

quadrivalentt vaccine was introduced shortly after the outbreak,54 Crossover vaccination 

withh quadrivalent vaccine for pilgrims who already had received the bivalent vaccine in 

preparationn for the upcoming pilgrimage was deemed justified in view of the threat of 

W1355 disease. However, there are no data on safety of crossover vaccination. We conducted 

aa study on safety,55 which is presented in Chapter 4. 

Polysaccharidee vaccines are poorly immunogenic in children under two years of age 

andd provide only short-lived protection. The requirement for multiple doses of vaccine 

throughoutt childhood, the short duration of protective immunity, the absence of an effect 

onn colonization or transmission of the organism make this vaccine not an ideal candidate 

forr routine immunization.16 Immunogenicity of polysaccharide vaccines can be improved 

byy chemical conjugation to a protein carrier, thereby eliciting a T-cell dependent antibody 

response.566 In contrast to polysaccharide vaccines, conjugate vaccines are immunogenic 

inn young infants, induce long-term protection and reduce nasopharyngeal carriage.56 

AA monovalent conjugate vaccine for prevention of group C disease is now licensed in 

Europee and has the advantage of being immunogenic in young infants and inducing long-

termm protection.16 In November 1999, meningococcal group C conjugate vaccine was 

introducedd into routine immunization in the UK. However, due to the limitation to one 
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serogroup,, the current conjugate C vaccine should not be offered to travellers or pilgrims 

whoo wil l be at higher risk of other serogroups.33 

Theree is no effective vaccine currendy available against serogroup B due to the poor 

immunogenicityy of its capsule.16 

1.77 MENINGOCOCCAL DISEASE IN SINGAPORE 

Thee incidence of meningococcal disease in the US is 1 per 100,000.2 The incidence of 

meningococcall  disease in Singapore is unknown, as this disease became notifiable only 

afterr the year 2000 Hajj associated outbreak. We conducted a retrospective study of all 

casess of bacterial meningitis in a large university hospital in Singapore and found that N. 

meningitidismeningitidis was the second cause of bacterial meningitis.57 We also reviewed all culture 

positivee cases of meningococcal disease in Singapore from 1991 until 2000 which showed 

thatt serogroup B is the most common cause of meningococcal disease in Singapore.58 Fur-

thermoree we documented that meningococcal disease due to W135 was not existent in 

Singaporee before the year 2000.58 
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