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CHAPTERR 12 OVERVIEW DISCUSSION, IMPLICATIONS 

ANDD OUTLOOK 

Thee research presented in this thesis provides important new information to the existing 

bodyy of knowledge on the emerging problem of N. meningitidisWltty a strain which has 

attractedd major public and scientific attention only since the year 2000. In the year 2000 

thee largest ever reported outbreak of disease due to this serogroup occurred in association 

withh the Hajj pilgrimage.' Meanwhile N. meningitidis1Wl35 has gone far beyond the Hajj 

pilgrimagee and has reached epidemic dimensions in Africa.2,3 

Off  the six studies presented in this thesis, the first deals with safety issues of crossover 

vaccinationn with quadrivalent meningococcal vaccine which covers W135. Four studies 

(threee prospective cohort studies and one cross-sectional study) look at Wl 35 meningococcal 

carriage,, of which two investigate the relationship between carriage and transmission to 

contacts.. One study deals with the attack rate and fatality rate of W135 meningococcal 

diseasee and the virulence of W135 carriage. We also report the first case of W135 meni-

ngococcall  disease in a general traveler. The data wil l be discussed along these lines. 

Thee emphasis of this overview discussion wil l be on public health and research 

implications.. I wil l close this final chapter with an outlook on the W135 problem worldwide. 

QUADRIVALENTT MENINGOCOCCAL VACCINE (A/C/Y/W135) (CHAPTER 4) 
Untill  2000 most countries only had the bivalent menginococcal (A/C) vaccine available. 

Thee international outbreak of W135 meningococcal disease necessitated the introduction 

off  the quadrivalent meningococcal vaccine. Crossover vaccination for Hajj pilgrims who 

hadd already received the bivalent vaccine before the quadrivalent vaccine became available 

iss indicated in the light of the seriousness of this disease. We have shown that this is safe in 

termss of adverse effect profile.4 This is an important finding not only for pilgrims but also 

forr general travelers to areas now endemic for W135 disease who wil l need revaccination 

withh the quadrivalent vaccine if they had previously only received the bivalent vaccine. 

However,, our study did not address the issue of immunogenicity or seroconversion after 

repeatedd vaccination with polysaccharide meningococcal vaccine. There is a concern about 
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inductionn of immunologic hyporesponsiveness after repeated dosing:5,6 Adults previously 

givenn a full dose of meningococcal polysaccharide vaccine show evidence of immunologic 

refractorinesss to group C polysaccharide. This is indeed an important area for further re-

search,, in particular because polyvalent conjugate vaccines are still not available, although 

noww in development. Given our present knowledge, we can predict that use of conjugate 

vacciness wil l overcome the hyporesponsiveness induced by vaccination with plain polysac-

charides.77 With the availability of meningococcal group C conjugate vaccine, it has been 

proposedd to consider first vaccinating with the conjugate C vaccine followed by a polyvalent 

polysaccharidee vaccine. Immune tolerance (hyporesponsiveness) would be avoided in the 

eventt that a pilgrims or traveler needed to be vaccinated again with group C at a later date.7 

Thee development of conjugate polyvalent vaccine is certainly the main strategy for 

futuree public health interventions.8 

W1355 MENINGOCOCCAL CARRIAGE (CHAPTERS 5, 6 , 9 AND 10) 

Thee large pilgrim population during the Hajj is conducive for person-to-person transmis-

sionn of meningococci. We have documented a high acquisition and persistence rate ofWl 35 

meningococcall  carriage in Hajj pilgrims in the year 2001, although all of them were vaccinat-

edd with quadrivalent meningooccal vaccine.910 The high predominance of one single clone 

whichh we found, as opposed to the usually reported clonal diversity in carriers, is unique.11 

Returningg pilgrims represent a sizeable and sustained reservoir of iV. meningitidisW135. 

Whereass there is ample evidence on transmission of meningococci from cases of 

meningococcall  disease to their close contacts,12"15 our study was the first to investigate 

thee transmission rate from asymptomatic carriers to their contacts.910 We documented 

aa high transmission rate of W135 carriage from returning pilgrims to their unvaccinated 

householdd contacts which puts them at risk of developing invasive meningococcal disease. 

Thee public health concern is how to effectively protect household contacts. Transmission 

too household contacts was only found in the first few weeks after the Hajj, and none of the 

contactss acquired W135 in the following months.10 The absence of late transmission is an 

importantt new finding for which the explanation is currently unclear and would warrant 

furtherr research. 

Wee did not find W135 carriage in returning Umra pilgrims who went to Mekka 

onlyy four months after the Hajj in 2001 which is most likely due to less crowding, fewer 

respiratoryy symptoms and shorter duration of this pilgrimage.16 

Forr the year 2002 Hajj we conducted another prospective study on acquisition of 

carriagee in pilgrims, using the same methods as in 2001, to compare carriage rates between 

thesee two pilgrimages. Both cohorts were similar, and both had received the quadrivalent 

vaccine;; the only difference was a low coverage with quadrivalent meningococcal vaccine 
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forr the Hajj 2001 versus a high coverage for 2002. We found a sharp decrease in W135 

carriagee from the year 2001 to 2002.17 This is most likely due to improved coverage of 

quadrivalentt vaccine. However, since all studied pilgrims were vaccinated with quadrivalent 

vaccines,, our data cannot be used to estimate the effect of vaccination on carriage. Other 

contributingg factors may have been the increased usage of antibiotics during this Hajj17 

orr just the unpredictable nature of epidemics.18 The following observations would argue 

forr the beneficial effect of improved coverage with the quadrivalent vaccine on reducing 

carriage.. First of all, it has been documented that although it does not prevent carriage, 

itt does temporarily reduce carriage.19 Secondly, Hahne et al observed that the ratio of 

infectedd contacts to infected pilgrims did not increase after the partial introduction of the 

vaccinee in 2001,20 and thirdly there is another observation by Hahne et al that in 94% of 

casess in contacts of pilgrims in the UK, none of the pilgrims had received quadrivalent 

vaccines,, whereas about half of all UK pilgrims had.21 These observations suggest that high 

coveragee of quadrivalent vaccine among pilgrims also has a substantial effect on reducing 

riskk to their contacts by reducing carriage rates in pilgrims. 

ATTACKK RATE OF W135 MENINGOCOCCAL DISEASE AND ESTIMATED VIRULENCE 

OFF W135 CARRIAGE (CHAPTER 7) 

Althoughh carriage rates are indicative of the potential for spread, occurrence of invasive 

diseasee is ultimately more informative and should be the foundation to guide public 

healthh interventions.21 Worldwide reports of cases of W135 disease mainly in Muslim 

communitiess in 2000 and 2001 underscore that introduction of W135 via returning 

pilgrimss into various countries indeed took place. 1,2°'22,23 

Inn Singapore we reported an attack rate of 25 per 100,000 in pilgrims for the Hajj 

2000244 which was similar to that reported in the UK.20 After the introduction of quadrivalent 

meningococcall  vaccinee for the Hajj 2001 in Singapore, no pilgrim developed Wl 35 disease, 

whereass in the UK they continued to see cases because the uptake of quadrivalent vaccine 

wass only partial. The estimated attack rate in Singaporean household contacts of returning 

pilgrimss was 18 per 100,000 and 28 per 100,000 for the years 2000 and 2001 respectively. 

Thiss indicates a shift of the burden of disease from pilgrims to household contacts. Based 

onn transmission rates of W135 carriage and national epidemiological data, the risk of an 

unvaccinatedd household contact (who had acquired W135 carriage) developing invasive 

meningococcall  disease was estimated to be 1: 70. 

Thee case fatality rate for W135 disease in Singapore24 and the UK20 was significantly 

higherr than that documented for all other serogroups for meningococcal disease.20 This 

andd the high risk of a carrier developing invasive disease indicate the virulence of this strain 

and/orr the lack of acquired immunity to this strain. 
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Inn the year 2002, when quadrivalent vaccine was a Hajj visa requirement, there 

weree no Hajj associated cases of W135 meningococcal disease in Singapore, neither in 

pilgrimss nor in contacts (Goh KeeTai, personal communication). In six EU member states 

wheree the Invasive Bacterial Infections Surveillance Network established a sentinel rapid 

reportingg system for the Hajj-associated outbreak strain25 no pilgrim developed W135 

diseasee in 2002; and the number among contacts of pilgrims had decreased significantly 

fromm 25 in 2001 to 2 in 2002 in the six EU member states.21 

Thiss underlines that improved coverage with quadrivalent vaccine in the Hajj had not 

onlyy a beneficial effect on reducing disease in pilgrims but also in contacts. 

PUBLICC HEALTH IMPLICATIONS (CHAPTER 10 AND 11) 

Ourr data show that returning pilgrims represent a sizeable reservoir of a highly transmis-

siblee and persistent W135 clone which places themselves (if not vaccinated with a vaccine 

coveringg against W135) and their unvaccinated family contacts (and possibly the commu-

nityy at large) at risk of invasive disease. 

Thee first mandate was to make quadrivalent meningococcal vaccine available and then 

mandatoryy for all Hajj pilgrims, which was finally implemented for the Hajj 2002. 

Controversiess still exist in regards to whether antibiotic chemoprophylaxis to all 

returningg Hajj pilgrims is indicated to eradicate carriage and thereby prevent transmission 

off  meningococci to their contacts and to the community at large. 

Saudii  Arabia introduced this measure for their local returning pilgrims26 and in France 

thee Ministry ofHealth recommended it to all pilgrims and their household contacts in 2000.23 

Inn March 2001, the Ministry ofHealth, Saudi Arabia issued such a recommendation to all 

overseass Embassies. Our findings on high carriage rate and transmission of W135 in the 

yearr 2001 would support such a policy of eradication of meningococcal carriage. Based on 

thee Singapore data, the estimated number of pilgrims one would need to treat (NNT) with 

antibioticss to prevent one case in a contact would have been 1: 1333. However, these data 

weree all obtained at a time when there was only partial coverage with quadrivalent vaccine. 

Improvedd coverage with quadrivalent vaccine among pilgrims (i.e. making this vaccine 

aa Hajj visa requirement) may also reduce the risk of meningococcal disease in their contacts, 

sincee polysaccharide vaccines can temporarily reduce carriage of meningococci,19,20 will 

decreasee disease in pilgrims and therefore reduce the overall transmission of meningococci. 

Significantt reduction carriage was confirmed in 200217 and consistent with a marked 

decreasee in clinical cases in the same year. In the UK, the estimated number of pilgrims one 

wouldd need to treat to prevent one case in a contact in the year 2002 was calculated to be 

11,1000 and compares unfavourably with the estimated NNT of about 200 in the current 

policyy of prevention of meningococcal disease through chemoprophylaxis.21 
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Antibioticc chemoprophylaxis for all pilgrims is therefore not justifiable at present. 

Continuedd surveillance and rapid readjustment of policies is now paramount. 

W 1 3 55 MENINGOCOCCAL DISEASE AND INTERNATIONAL TRAVEL (CHAPTER 8) 

Dataa on the risk of meningococcal disease in general travelers are rare. In a questionnaire 

surveyy directed to health authorities in industrialized nations, the estimated risk among 

travelerss to countries with hyperendemic disease was 4 per million travelers per month.27 

Thiss reflects a relatively small risk for travelers. Certain travelers are probably at increased 

riskrisk during epidemics. From 1982-1984, an epidemic affecting over 4,500 local people 

occurredd in Nepal.28 During that period, six cases of meningococcal disease occurred in 

tourists,, with two deaths.18 All of these individuals had trekked and been in close contact 

withh the local population. 

Wee reported the first imported case of non-Hajj-associated W135 meningococcal 

diseasee to Singapore which, to our knowledge, is also the first reported case of W135 

diseasee in a general traveler.29 

Thee small risk of travel-associated disease for the ordinary traveler and the unpredictable 

naturee of epidemics make it difficult to provide evidence-based recommendations when 

meningococcall  vaccine is indicated. Up-to-date information on countries at high risk is 

availablee at www.cdc.gov/travel/diseases/menin.htm. In view of the emerging problem of 

W1355 disease, we would suggest that for countries where traditionally A/C vaccine was 

offeredd to the traveler, this should now be replaced by the quadrivalent vaccine. 

THEE HAJJ W135 OUTBREAK STRAIN - EMERGENCE OF A NEW STRAIN OR 

CLONALL EXPANSION? 

Thee first large worldwide outbreak caused by serogroup Wl 35 was associated with the year 

20000 Hajj. 

Itt remains unclear what caused this outbreak. W135 has been reported in sporadic 

casess in the US and European countries30 and in small clusters in Africa.31 Even before the 

20000 Hajj outbreak, there were cases of W135 disease reported during the Hajj in the early 

1990s.32,333 There are no indications that the conditions at the 2000 Hajj were substantially 

differentt from those in previous years.34 So what could have changed the interaction 

betweenn pathogen, host and environment? Taha et al argue that this may be a new 

emergingg strain as the sequence type of the Hajj W135 outbreak strain was distinct from 

thosee W135 in sporadic W135 infections.1 In a study in Sweden, comparison of W135 

meningococcii  isolated during a 23-year period and those associated with the Hajj showed 

thatt they had the same genosubtype (PI.5,2,36b), whilst pulsed-field gel electrophoresis 

andd the sulfadiazine resistance indicated that the outbreak was probably due to a new clone 
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off  W135 meningococci. However, Mayer et al propose that W135 isolates with properties 

veryy similar to those of the Hajj associated outbreak strain have been recovered worldwide 

sincee at least 1970, and therefore they argue that the Hajj 2000 outbreak was not the result 

off  emergence of a new clone, but, rather, an expansion of the already existing clone.34 Mayer 

ett al suggest that small, short-term changes in meningococcal carriage during a period of 

intensee transmission might have contributed to the expansion of this clone.34 Our data on 

carriagee rates (albeit only available for 2001) would substantiate this suggestion. 

Thee discussion of the origin of the W135 outbreak clone has generated particular 

interest.. In addition to being a member of the ET-37 complex, other molecular and 

phenotypicc markers of this clone are very similar to those of serogroup C strains of the 

ET377 complex which have caused hyperendemic disease and raises the question of whether 

thee outbreak clone developed from serogroup C by a capsule-switching event.34 Capsular 

switchingg has been described in closely related N. meningitidis strains.35,36 Capsular 

switchingg from serogroup C to W135 may have been selected by mass immunization 

campaignss in which A & C bivalent vaccine was used.37 Mandatory bivalent vaccination is 

indeedd the only major difference introduced in the 1990s compared to the earlier decades 

forr this pilgrimage, and would underscore this hypothesis. 

Inn 2002, we documented an absence of the W135 ET 37 complex, and documented 

insteadd that the W135 isolates were ST 192 and ST 32 (ET 5).17 In France, the number 

off  W135 isolates increased but most of these were genetically distinct from the Hajj 2000 

clone,, suggesting occurrence of Hajj-independent expansion of genetic lineages.21 

Itt would be interesting to compare our isolates from 2002 with those isolated from 

W1355 cases from the year 2002 epidemic in Burkina Faso. This is currently being done, 

butt at the time of this thesis not completed (Leonard Mayer, personal communication). 

Coordinatedd international efforts and molecular characterization of N. meningitidis are 

certainlyy needed to monitor the evolving epidemiology of W135. 

OUTLOOK K 

Thee high carriage rates, persistence and substantial transmissibility in combination with a 

highh attack rate and case fatality of the Hajj-associated W135 outbreak clone910,24 certainly 

raisee considerable concern about the public health consequences of widespread dissemina-

tionn of this organism and the potential for future epidemics. 

Andd indeed, a major outbreak of W135 meningococcal disease occurred in 

predominantlyy Muslim countries in Africa affecting far larger numbers than the one 

associatedd with the Hajj in Saudi Arabia.3 It started in Burkina Faso in early 2002 and 

thenn spread to the Greater Lake area (Burundi, Rwanda, Tanzania). Some 13,000 people 

weree infected, of whom 2,000 died.38 Epidemiological data linking the current outbreak in 
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Burkinaa Faso to Hajj is, however, not yet available, and it is possible that W135 has been 

circulatingg for some time in Bukina Faso and other parts of west Africa.38 Three initial 

isolatess tested show that the phenotype of the disease-causing W135 strain is the same 

ass from strains isolated during the Hajj-related outbreak of W135 meningococcal disease 

inn the United Kingdom (UK) in 2000 and 2001 (W135:2a:P1.5,2).38 The public health 

responsee to this outbreak was slow, first of all because the only stock available in Africa 

wass the bivalent vaccine which does not protect against W135, and secondly because, 

evenn if quadrivalent vaccine could have been imported, its higher costs are prohibitive.2 

Inn addition, there is currently a problem of production capacity for the quadrivalent 

vaccine.. Organisations, such as W HO and MSF, have been negotiating with the vaccine 

manufacturers.22 GlaxoSmithKline agreed to provide three million doses of a trivalent 

vaccinee (A/C/W135) which is now available at around $1 per dose.2 WHO's executive 

directorr of communicable diseases (David Heymann) estimates it wil l need between two 

andd five million doses of the vaccine to prepare for likely outbreaks early next year.2 

Thee main strategy in the future, though, wil l be the development of polyvalent 

conjugatee vaccines which wil l provide long-term protection against meningitis and are 

mostt likely to reduce the number of asymptomatic carriers (and thus reduce transmission) 

off  Â . meningitidis?'1^9 
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