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Summary: Summary: 

Ann outbreak of W135 meningococcal disease occurred in 2000 and 2001 among pil-

grimss returning from Saudi Arabia and their contacts. The attack rate of W135 disease 

inn pilgrims was 25 per 100,000 for the Hajj 2000. After the introduction of quadriva-

lentt meningococcal vaccine for the Hajj 2001, no pilgrim developed W135 disease. The 

estimatedd attack rate in household contacts of returning pilgrims was 18 per 100,000 

andd 28 per 100,000 for the years 2000 and 2001 respectively. Based on transmission 

ratess of W135 carriage and national epidemiological data, the risk of an unvacrinated 

householdd contact (who had acquired W135 carriage) developing invasive meningo-

coccall disease was estimated to be 1: 70. Public health policies to protect household 

contactss of Hajj returnees need to be implemented. 

INTRODUCTION N 

Duringg the annual Islamic pilgrimage to Mecca and Medina in Saudi Arabia (Hajj pil-

grimage)) more than 2 million pilgrims from all over the world congregate for about one 

monthh for religious rituals. As conditions during the pilgrimage facilitate person-to-person 

transmissionn of meningococci, the annual pilgrimage has been associated with outbreaks 

off  meningococcal disease.1"*  The introduction of vaccination against serogroup A as a Hajj 
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visaa requirement after the outbreak with this serogroup in 1987 has led to a major reduc-

tionn of outbreaks with this serogroup.5 

Inn 2000 and 2001, an international outbreak occurred in association with the Hajj 

causedd by a previously rare meningococcal serogroup W135 strain.6"8 Molecular typing of 

W1355 isolates from this outbreak showed this strain to be of clonal origin (ET 37 complex) 

andd closely related to other meningococci with an established propensity to cause disease 

clusters.8,99 It was shown to be different from the one causing sporadic cases prior to this 

outbreakk and it appears to be hypervirulent.81011 This clone also has the ability to persist 

andd attain high carriage rates,12*14 but there are no published data on the risk of pharyngeal 

carrierss of this strain developing invasive disease. 

Althoughh vaccination can protect pilgrims against invasive disease due to W135, it 

doess not prevent acquisition of carriage by the pilgrims,15 and may therefore not prevent 

transmissionn of the organism from returning pilgrims to unvaccinated household contacts. 

AA high carriage rate of W135 was reported in returning Singaporean pilgrims following 

thee Hajj 2001 associated with substantial transmission of this strain from pilgrims to their 

householdd contacts.13 

Inn Singapore, 15% of the population is Malay Muslim, and about 4000 to 5000 

pilgrimss travel annually for the Hajj pilgrimage. Before the year 20001 no cases of W135 

diseasee were reported in Singapore.16 

Inn this paper, we report the clinical attack rate of W135 meningococcal disease in 

Singaporeann Hajj pilgrims and contacts and provide new information on the risk of 

contactss carrying V/l 35 developing invasive W135 disease. 

METHODS S 

V/ee contacted the Singapore Islamic Religious Council to ascertain the number of Singa-

poreann Hajj pilgrims and average number of persons per Malay household. Information on 

confirmedd cases of W135 meningococcal disease from January 2000 until December 2001 

weree retrieved from the Department of Quarantine & Epidemiology and verified against 

thee reference laboratory records. Medical records were reviewed and face to face interviews 

conductedd to obtain information on age, gender, race, history of recent Hajj pilgrimage or 

householdd contact with a Hajj returnee, temporal relationship between onset of symptoms 

andd return from the Hajj, other travel history, as well as clinical outcome. 

Wee performed pulsed field gel electrophoresis (PFGE) from stored isolates of N. 

meningitidismeningitidis W135 from 5 cases with invasive disease that occurred in the years 2000 and 

2001.. PFGE was performed using previously described methods.17 The Tenover criteria 

weree used to interpret the patterns of bands.18 Isolates that differed by 6 or less bands 

weree considered to be a related clone.19 The isolates were compared with the W135 clone 
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isolatedd from tonsillopharyngeal swabs of returning pilgrims and their household contacts 

followingg the Hajj 2001.13 

ANALYSIS S 

Thee risk ofW135 carriers (unvaccinated household contacts,13) developing invasive W135 

diseasee was calculated using the following formula: 

N x C R x T R x N HC C 

NHCi i 

NN = Number of pilgrims for the Hajj 2001 

CRR = Carriage rate in returning Hajj pilgrims 

TRR = Transmission rate to household contacts 

NHCC = Mean number of household contacts exposed to returning pilgrims 

NHCii  = Number of cases of invasive W135 meningoccocal disease in contacts 

off  Hajj returnees in the year 2001 

RESULTS S 

Inn total, 12 cases of confirmed W135 meningococcal disease were identified for the years 

20000 and 2001, of which 8 (67%) were clearly related to the Hajj. Table 1 summarises the 

casess and the risk factors. The case fatality rate was 30% for all combined cases and 37% for 

thee Hajj related cases. Of the 12 W135 isolates, five (three from the year 2000, two from 

thee year 2001) were retrievable for pulsed field gel electrophoresis. Pulsed field gel electro-

phoresiss showed them to be of clonal origin: isolates from pilgrims were indistinguish-

ablee or closely related to those from contacts of pilgrims as well as non Hajj related cases. 

Theyy were also related to those isolates found on tonsillopharyngeal swabs from returning 

asymptomaticc pilgrims and household contacts in Singapore, reported elsewhere.13 

Thee attack rate of confirmed W135 meningococcal disease for Hajj pilgrims was 25 

perr 100,000 pilgrims for the year 2000 (with 4022 pilgrims). Following the introduction 

off  quadrivalent meningococcal vaccine for the Hajj 2001, no Hajj pilgrim (out of 3963 

pilgrimss attending the Hajj 2001) developed Wl 35 disease. 

Fromm a study of Singapore Hajj pilgrims in 2001,13 we found the mean household 

sizee to be 4.2, and a mean of 1.5 persons per household went for the pilgrimage. The 

meann household size equals the data from the Singapore Islamic Religious Council. We 

thereforee estimate that a mean of 2.7 (4.2- 1.5) household contacts of returning pilgrims 

weree exposed to returning pilgrims. The attack rate in household contacts of returning 

Hajjj  pilgrims was calculated to be 18 per 100,000 (95% CI: 11-49%) for 2000 and 28 per 

100,0000 (95% CI: 17-75%) for 2001. 
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Fourr of the five household contacts of Hajj returnees who developed invasive disease 

didd so within 14 days after the family member returned from the Hajj, and the remaining 

onee did so after 36 days. The median interval was 12 days. The age range was one year to 

755 years, three patients were female and two were male. No cases of Hajj associated W135 

diseasee occurred two months after the end of the Hajj pilgrimages. Table 1 shows the 

temporall  relationship of all cases to the Hajj pilgrimage. 

Tablee 1: Hajj associated cases of W135 meningococcal disease 
inn Singapore in the years 2000 and 2001. 

Pilgrim m Malay y 35 5 Femalee Survived 

Householdd contact of 
Hajjj  returnee Malay 75 5 Femalee Survived 

frequendy,, no direct Malay 
associationn with Hajj 

72 2 Male e Died d 

Noo known association 
withh Hajj Chinese e 64 4 Femalee Survived 

88 Household contact 
off  Hajj returnee Malay 533 Female Survived 

100 Household contact 
off  Hajj returnee Malay Male e Survived d 

Householdd contact 
off  travel agent for 
Hajjj  pilgrims Femalee Survived 
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Figuree 1: Time of occurrence of cases of Hajj-associated disease 
duee to Neisseria meningitidis serogroup W135 in Singapore. 

Jann Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
YEARR 2000 

HH Lab Worker from Saudi Arabia 
DD Community 

 Household Contact 
 Pilgrim 

Jann Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

YEARR 2001 

aa Traveller from Africa  Household Contact 

 Contact of Travel Agent 

500 W135 Meningococcal Disease Associated with the Hajj Pilgrimage 



Studies Studies 

Wee calculated the risk of developing invasive W135 meningococcal disease in 

householdd contacts of Hajj pilgrims to be 1 in 70, based on the findings from a previously 

reportedd study (Wl 35 meningococcal carriage in returning pilgrims 15%, transmission rate 

off  W135 from pilgrims to household contacts 13%13) and national epidemiological data. 

DISCUSSION N 

iV.. meningitidis W135 appears to be an emerging problem in Singapore since the year 

2000,, with the majority of affected people coming from the Moslem community. This 

iss consistent with reports from several other countries following the outbreak of W135 

meningococcall  disease in Saudi Arabia in the years 2000 and 2001.8*10,20*22 We found a 

clearr association with the Hajj pilgrimage, based on the temporal relationship and the 

relatednesss of the strains of W135. The attack rate*  among pilgrims was 25 per 100,000 

whichh is the same order of magnitude as reported in the UK,10 and which is likely to be an 

underestimatee as culture negative meningococcal disease was not included. The case fatal-

ityy rate of this outbreak strain was 37% for all Hajj related cases, which is similar to the 

ratee reported with the same outbreak strain in the UK, but higher than the reported rate 

off  9% for all other culture-confirmed meningococcal disease in the UK in association with 

thee Hajj between 1995 and 2000.10 The high case fatality rate mayy indicate the virulence of 

thiss new emerging strain,1011* 22 The median age was higher than that observed with other 

serogroups,155 reflecting the older age of the pilgrims. 

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

aa reflection of the introduction, transmission and acquisition of new meningococcal 

strainss of a virulent clonal group23 into populations lacking bactericidal antibodies 

againstt the new strain. In a previous study we demonstrated the introduction of W135 

intoo Singapore via returning Hajj pilgrims carrying W135 in the throat.13 Pulsed field gel 

electrophoresiss showed the organism isolated from tonsillopharyngeal swabs from these 

returningg asymptomatic pilgrims to be related to the strains isolated from clinical cases, 

thuss indicating a clonal origin. 

Quadrivalentt meningococcal vaccination became available in Singapore soon after the 

outbreakk in 2000, and the majority of Singaporean pilgrims were vaccinated against W135 

forr the Hajj 2001.24,25 Although polysaccharide meningococcal vaccines against serogroups 

AA and C may temporarily reduce carriage of these serogroups,26 there are no data on the 

effectt of W135 vaccine on W135 carriage. However, even if polysaccharide vaccines can 

temporarilyy reduce carriage, the high acquisition rate of W135 carriage in vaccinated 

pilgrims133 shows that such an effect is probably small and certainly not sufficient to prevent 

carriage.277 It is not surprising then that we observed a shift in the burden of disease from 

vaccinatedd pilgrims to their unvaccinated household contacts for the Hajj 2001: although 

W135W135 Meningococcal Disease Associated with the Hajj Pilgrimage 



Studies Studies 

vaccinationn may protect the pilgrims from invasive disease, pilgrims acquire W l 35 carriage 

duringg the pilgrimage, and upon return may spread the bacteria to their unvaccinated 

householdd contacts and community at large.27 Dissemination into the wider community 

wass observed in Singapore (17% of all cases were non Muslim Chinese), as has been 

reportedd in other countries.10'20 

Thee transmission rate of this clone to household contacts of W135 carrying 

returningg pilgrims was reported to be 13%.13 We estimated that the risk of invasive W135 

meningococcall  disease following pharyngeal acquisition of this clone is 1:70, which is 

indicativee of a highly virulent clone and consistent with previous estimates that members 

off  the ET-37 complex may cause invasive disease in one in 20 to one in 400 acquisitions.23 

Evenn small changes in the prevalence of hypervirulent strains may have substantial effects 

onn the rates of invasive disease in a population.23 The high attack rate in household 

contactss of returning pilgrims, albeit being a crude estimate, highlights the urgent need 

forr improved protection of household contacts. Based on our findings, vaccination of all 

householdd contacts would be justifiable and should be recommended to all household 

contacts.. However, this is expensive, and uptake may be low. Another approach would 

bee a policy of administering antibiotics to pilgrims before their return to their countries 

off  origin to eradicate carriage and thereby protect household contacts.13 However, 

administeringg antibiotics to 2 million returning pilgrims raise issues of safety, development 

off  resistance, as well as costs. Before such a large scale program is implemented, the impact 

off  improved coverage with quadrivalent meningococcal vaccine of all pilgrims on carriage 

inn pilgrims and incidence of disease in household contacts needs to be investigated. 

Thee high transmissibility and virulence of the new emerging Wl 3 5 strain certainly raise 

considerablee concern about the public health consequences of widespread dissemination of 

thiss organism and the potential for future epidemics. 
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