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INTRODUCTIO N N 



INTRODUCTION N 

Ann international outbreak of meningococcal disease occurred in association with the Hajj 

pilgrimagee 2000. This outbreak generated particular interest as the outbreak strain was 

W135,, a previously rare serogroup. The development of appropriate public health policies 

iss hindered by the absence of information on carriage rates, transmission and attack rates of 

thiss strain. The studies presented in this thesis seek to provide this information in order to 

developp an evidence-based rationale for public health interventions with the primary aim 

off  preventing another outbreak. 

Thiss book is structured as follows: 

Inn the Background section (II) a literature review on meningococcal disease is 

presented,, with a focus on W135 disease and the role meningococcal carriers play in the 

transmissionn of this disease (chapter 1). It then goes on to explain the significance of the 

Hajjj  pilgrimage and to explore the conditions which may have led to this new outbreak of 

W1355 disease (chapter 2), closing with an exposition of the study objectives of our research 

(chapterr 3). 

Inn the Studies section (III : chapters 4-10), I wil l present data based on research done in 

Singaporee in relation to W135 meningococcal disease and the Hajj pilgrimage. 

Inn the subsequent Summary and Discussion section (IV) , I summarize the findings of 

thee year 2001 Hajj (Review Article: Chapter 11). Chapter 12 is an overview discussion of 

thee presented data and its implications followed by an outlook on the current worldwide 

situationn of W135 meningococcal disease. 
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CHAPTERR 1 MENINGOCOCCAL DISEASE 

1.11 INTRODUCTIO N 

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 EPIDEMIOLOG Y OF MENINGOCOCCA L 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 35 

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 MENINGOCOCCA L 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 MENINGOCOCCA L CARRIAG E 

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 MENINGOCOCCA L 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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CHAPTERR 2 HAJJ PILGRIMAGE 

2.11 INTRODUCTIO N 

Thee pilgrimage to Mecca (or Makkah in Arabic) is one of the five pillars of Islam and is referred 

too as Hajj pilgrimage. Each Muslim has to perform one Hajj in his/her lifetime. For 14 cen-

turies,, countless millions of Muslims, men and women from all over the world, have made 

thee pilgrimage to Mecca, the birthplace of Islam. Mecca today has a population of 618,000 

andd is located in the South Western region of the Kingdom of Saudi Arabia, some 80 km 

fromm the Red Sea coast. Saudi Arabia has a desert climate where heat can reach intense levels. 

Thee pilgrimage takes place each year between the 8th and the 13th days of Dhu al-

Hijjah,, the 12th month of the Muslim lunar calendar. The Islamic calender is based on 

lunarr months, so the actual date moves forward about 11 days each year in relation to the 

westernn solar calendar (or Gregorian calender). In 2002, Dhu al-Hijja began on 13 February. 

Inn the past decade, annually about two million pilgrims from 140 countries con-

gregatedd for religious rituals, which usually last for one month. 

Thee Hajj pilgrimage is the largest people mass movement on earth. 

Intensee migration of pilgrims (Hajjis) takes place between Mecca (Makkah), Arafat, 

Muzdalifahh and Mina. Often Medina (or Madinah) is visited as well. Essential parts of the 

religiouss rituals are circumambulation around the Ka'aba (or kabb'ah), mass prayer at the 

Mosque,, mass tenting at Mena, ritualistic stoning at the Jamarat sites, sheep slaughtering 

andd various others, as described below. 

Duringg the late 20th Century, the Kingdom of Saudi Arabia has developed the Al 

Haramm Mosque to accommodate the colossal numbers of pilgrims now seen during the 

Hajjj  ceremony. The Al Haram is built on three levels covering an area of 356,000 square 

meterss and has a capacity of one million at any one time. The neighboring mosque at 

Madinah,, which is often visited around the time of the Hajj, is also large, approximately 

165,0000 square meters in area, easily accommodating 750,000 pilgrims at once. 

2.22 RITUAL S OF THE HAJJ PILGRIMAG E 

Inn order to understand the medical hazards and the conditions predisposing to rapid dis-
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Mapp of the area (source: www.ummah.net/hajj/maps/index.html) 

seminationn of airborne diseases, it is important to gain a deeper understanding of the Hajj 

Rituals.. The rituals of the Hajj are complex and vary slightly according to different Islamic 

traditions.. The following summary of the basic points is adapted from the Oxford History 

off  Islam.1 

Althoughh most pilgrims stay in Saudi Arabia for at least one month, the main rituals 

mandatoryy for the core of Hajj are performed in eight days: 

1.. Circumambulation of the Ka'aba 

Pilgrimss walk seven times round the Ka'aba at the Great Mosque in Mecca, in an anti-

clockwisee direction. Many also attempt to touch the Black Stone — a meteorite believed 

too have been sent from heaven — in the Ka'aba's wall, and run seven times along a pas-

sagewayy in the Great Mosque, commemorating a search for water by Hajar, (second) wife 

off  Ibrahim/Abraham. 

2.. Standing at Arafat 

Onn the ninth day of the month, pilgrims go to Arafat, a plain about nine miles southeast 

off  Mecca. They may listen to a sermon delivered from Mount Arafat, where the Prophet 

Muhammadd gave his final sermon. 

3.. Night at Muzdalifah 

Pilgrimss spend a night in the open at Muzdalifah, near Mecca. 

4.. Throwin g stones ("stonin g the Devil" ) 

Pilgrimss throw pebbles — usually about 70 — at three spots where Satan is believed to 

havee tempted the Prophet Ismail. 
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5.. Sacrifice at Min a 

Pilgrimss sacrifice an animal (usually a sheep or goat). This commemorates the incident related 

inn the Old Testament when the Prophet Ibrahim/Abraham was about to sacrifice his son 

andd God accepted a sheep instead. Nowadays many pilgrims pay someone to slaughter the 

animall  on their behalf and obtain a certificate to say that the sacrifice has been carried out. 

6.. Repeat circumambuiation of the Ka'aba 

7.. Drinkin g Zamzam water 

Pilgrimss drink water from the Zamzam well, which is inside the Great Mosque. Muslims 

believee this is where God provided water to Hajar and her son, Ismail, when they were 

wanderingg in the desert. 

8.. Prayers at the Station of Abraham 

Pilgrimss pray at the Station of Abraham (Maqam Ibrahim), where Ibrahim and Ismail are 

believedd to have prayed after building the Ka'aba. 

Thee minimum rituals that must be performed by all pilgrims are wearing ihram, 

standingg at Arafat, and the second circumambuiation of the Ka'aba. Others may be 

omittedd on payment of kaffarah (expiation). 

Umraa pilgrimage 
Umraa literally means: a visit. Umra is often referred to as the "minor pilgrimage" or "lesser 

pilgrimage""  compared to the Hajj which is the "major pilgrimage". While the Hajj is com-

pulsoryy to a Muslim, the Umra is not. However, the Umra is recommended by the Koran, 

andd is a highly regarded practice in Islam. 

Thee Umra pilgrimage can take place all year round, but is of shorter duration than the 

Hajjj  and involves fewer people. 

2.33 HAZARD S OF THE HAJJ 

Thee majority of Hajjis are adults and many are elderly, infirm Muslims.2 Many of the 

pilgrimss are from the developing world, where particular diseases may be endemic. Break-

downn of international pilgrims by country of origin is as follows: 63% from Arab coun-

tries,, 30% from remainder of Asian countries, 5% from remainder of African countries 

andd 2% from European, American and Australian countries.2 

Att Mecca itself, the Kingdom provides free health care to all pilgrims. Seven modern, 

fullyy equipped hospitals, with a cumulative bed capacity of 2,070 are permanendy 

locatedd in the city. Seventy-three medical centers providing 24-hour access are distributed 
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throughoutt the pilgrimage route and operate without cost to the pilgrim patient.2 The 

medicall  centers work under the collaborative administration of the Ministry of Health, the 

Saudii  National Guard, the Internal Security Forces and the Saudi Red Crescent Society. 

Att the Hajj, accommodations range from the most basic to the most sophisticated, but 

mostt pilgrims have to share public facilities and live in semi-permanent tents. Inadequate 

storage,, cooking or transportation, lack of refrigeration and lack of proper food handling 

alll  contribute to the pilgrim's risk. Clean drinking water is readily available at most religious 

sites,, provided for free by the Kingdom.2 

Increasingg numbers of Muslims from all over the world make the pilgrimage every 

year.. This creates a huge organisational burden for the Saudi authorities. There is a quota 

systemm which is intended to prevent overcrowding while ensuring that all regions of the 

Muslimm world are fairly represented. For example, Singapore has a quota of 5,000 pilgrims 

perr year (Information from MUIS, Singapore), for the UK around 22,000; and for 

Indonesiaa around 100,000. 

Becausee of overcrowding, accidents and stampedes have been reported.2 

Recentt disasters (source: www.ummah.net/hajj/glance/index.html): 

 2001: 35 pilgrims crushed to death at Arafat. 

 1998: 180 pilgrims crushed to death. 

 1997: 350 pilgrims killed when a fire started by a gas cooker swept through the 

tentss at Mina. 

 1994: 270 pilgrims crushed to death. 

 1990: 1,400 pilgrims killed during a stampede in a pedestrian tunnel linking 

Meccaa with Mount Arafat. The stampede is thought to have been caused by 

thee great heat when a ventilation system in the tunnel broke down. 

 1987: More than 400 pilgrims died as a result of demonstrations. 

Burnss injuries have been described at the Hajj, namely in a 1997 fire that destroyed 

manyy tents and led to fatalities. The Kingdom has since replaced all the tents in the Mina 

area,, where the pilgrims reside during most of their Hajj, with a variety of tents which 

aree semi permanent and made of aluminium frames with fiber glass coated awnings.2 

Handd injuries are also commonly reported during the Hajj, largely due to ceremonial 

slaughteringg of sheep to celebrate the end of the Hajj.2 Heat exhaustion and heat stroke 

havee been reported frequendy in pilgrims especially when the period of the Hajj falls into 

thee very hot season.3,4 

Thee Hajj also poses a unique risk of blood borne disease to male pilgrims, most of 

whomm shave their heads at the completion of the Hajj in keeping with religious rituals. 

Barberss often reuse razors; grazes or abrasions from razor nicks are often seen on newly 
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shornn pilgrims.2,5 The prevalence of Hepatitis B carriers is reported to be high amongst 

Saudii  barbers.6 

Thee severe congestion and proximity of pilgrims performing religious rites predispose 

too airborne infections.2 One study documented the incidence of influenza-like illness 

whichh not only leads to serious health consequences in elderly pilgrims, but also to high 

costss to the medical care system.7 The commonest pathogen found in sputum cultures from 

pilgrimss presenting with productive cough during the 1991-2 Hajj were H. influenzae, K 

pneumoniaepneumoniae and S. pneumoniae} As many pilgrims originate from TB endemic countries, 

andd cough is a predominant complaint during the Hajj, tuberculosis is likely to be a 

problemm during the Hajj. In one study on hospitalized pilgrims with pneumonia, M. 

tuberculosistuberculosis was the most common cause of pneumonia.9 

Off  all problems during the Hajj, however, meningococcal disease associated with the 

Hajjj  has received most international and scientific attention. 

2.44 MENINGOCOCCA L DISEASE IN ASSOCIATION WIT H THE HAJJ PILGRIMAG E 

Thee severely crowded conditions during the Hajj facilitate person to person transmission 

off  meningococci. Meningococcal carriage rates as high as 80% can be found in crowded 

areass around the holy mosque in Mecca.10 In 1987, N. meningitidis serogroup A caused a 

largee outbreak of meningitis among pilgrims in Mecca and many other countries.1112 This 

ledd to the introduction of bivalent meningococcal vaccination (A,C) as a requirement for 

entryy into the kingdom to perform Hajj or Umrah. The above measure was partnered with 

masss administration of decolonizing agents to pilgrims from the African meningitis belt.13 

Noo outbreak with serogroup A was seen since the introduction of these measures.14 

However,, in the year 2000 another outbreak occurred with a previously rare strain: 

serogroupp W135.15 During the year 2000 Hajj more than 400 cases of meningococcal 

meningitiss cases due to serogroup W135 were reported in pilgrims and their close contacts 

inn 16 countries (the United Kingdom, Belgium, the United States, France*  Morocco, 

Kuwait,, Saudi Arabia, Oman, Indonesia, Singapore, Denmark, Finland, Sweden, Norway, 

Germanyy and the Netherlands,2) making it the largest reported outbreak of meningococcal 

diseasee caused by N. meningitis W135.16 Molecular typing of V/135 isolates from this 

outbreakk showed them to be of clonal origin (ET 37 complex) and closely related to 

otherr meningococci with an established propensity to cause disease clusters.15 It was of 

particularr concern that transmission occurred among Muslim communities upon return 

off  the pilgrims to their countries of origin.17"19 The attack rate among pilgrims from the 

UKK was 30 per 100 000, and the case fatality rate for this outbreak strain was 20% which 

iss significandy higher than the ratio reported in the UK for other culture-confirmed 

meningococcall  disease.17 
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2.55 SINGAPORE AND THE HAJJ PILGRIMAG E 

Singaporee is an island state of about 3.8 million people, 15% of whom are Moslem. Annually 

aboutt 4,000-5,000 pilgrims (predominantly Malay Moslems) go for the Hajj pilgrimage. In 

orderr to determine the incidence of medical impairment in Singaporean pilgrims, we con-

ductedd a diary-based questionnaire survey which showed that the predominant complaint 

wass cough, followed by gastrointestinal and skin problems (Wilder-Smith A. et at, Inci-

dencee of health problems in Hajj pilgrims: a diary based questionnaire survey; submitted). 

Forr visa procedures, the proof of administration of the bivalent meningococcal vaccine 

iss required (given at least 14 days before arrival in Saudi Arabia). Before 2000, no W135 

casess had been reported in Singapore.20 In the year 2000, the Ministry of Health reported 

threee cases of W135 meningococcal cases in Singapore.21 Two Singaporean pilgrims were 

hospitalizedd for meningococcal disease in Saudi Arabia (serogroup unknown), and one was 

diagnosedd on return to Singapore (serogroup W135). Three family contacts of returning 

pilgrimss were confirmed to have meningococcal disease, two due to serogroup W135 and 

onee with unknown serogroup.21 

Thee Ministry of Health Singapore responded immediately to this outbreak and 

introducedd the quadrivalent meningococcal vaccine which also covers W135.22 For 

thee year 2001 Hajj the majority of Singaporean pilgrims received the quadrivalent 

meningococcall  vaccine. 

Inn Singapore, the standard of medical care and recording of national epidemiological 

dataa is high. Therefore, the defined group of pilgrims in Singapore presents an ideal study 

populationn to investigate medical problems associated with the Hajj pilgrimage. 
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CHAPTERR 3 STUDY OBJECTIVES 

Thee international outbreak of W135 meningococcal disease in association with the Hajj 

pilgrimagee 2000 is a new emerging problem. The public health concern is that this out-

breakk not only affected pilgrims, but also their household contacts and even the com-

munityy at large, with a potential of a future non-Hajj related W135 epidemic. However, 

althoughh pilgrims may be protected by vaccination, polysaccharide vaccines do not prevent 

meningococcall  carriage, thereby putting household contacts of returning pilgrims at risk. 

Theree is an urgent need to implement public health policies in order to protect pilgrims 

andd contacts. This study will add to the existing body of knowledge on W135 meningo-

coccall  disease by addressing the following study objectives: 

CHAPTERR 4 

Too determine the safety of crossover vaccination with quadrivalent meningococcal vaccine 

afterr recent administration of bivalent vaccine 

CHAPTERS S 

Too determine the acquisition rate of meningococcal carriage in pilgrims and subsequent 

transmissionn to their household contacts for the year 2001 Hajj pilgrimage 

Sub-objectives s 

1.. To determine the predominant meningococcal serogroup in carriage 

2.. To determine the relatedness of strains by pulsed field gel electrophoresis 

3.. To determine risk factors for acquiring meningococcal carriage 

4.. To determine the relatedness between strains isolated from clinical cases of V/135 

diseasee and strains isolated from asymptomatic carriers 

5.. To determine the incidence of upper respiratory symptoms in Hajj pilgrims 

CHAPTERR 6 

Too determine the persistence ofW135 meningococcal carriage and the incidence of late 

transmissionn of W135 to household contacts 
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CHAPTERR 7 

Too determine the attack rate of W135 meningococcal disease in Singaporean pilgrims and 

householdd contacts in the years 2000 and 2001 

Sub-objective e 

Too estimate the risk of an unvaccinated W135 carrier to develop invasive W135 meningo-

coccall  disease 

CHAPTERR 8 

Too report the first imported case of W135 meningococcal disease in a general traveler 

CHAPTERR 9 

Too determine whether Umra pilgrims are at the same risk of acquiring meningococcal car-

riagee as Hajj pilgrims 

Sub-objective e 

Too determine the incidence of respiratory symptoms in Umra pilgrims compared to 

Hajjj  pilgrims 

CHAPTERR 10 

Too determine whether W135 meningococcal carriage remained a problem for the Hajj 

20022 after quadrivalent meningococcal vaccine became a Hajj visa requirement 
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CHAPTERR 4 CROSSOVER VACCINATION WITH 
QUADRIVALEN TT MENINGOCOCCAL VACCINE 
(AGAINSTT A/C/Y/W135) FOLLOWING RECENT 
APPLICATIO NN OF BIVALEN T MENINGOCOCCAL 
VACCINEE (AGAINST A/C): ASSESSMENT OF 
SAFETYY AND SIDE EFFECT PROFILE 

Wilder-Smithh A., Paton NI . 

JJ Travel Med 2002; 9:20-23. 

Travellers'HealthTravellers'Health & Vaccination Centre, Department of Infectious Diseases, 

TanTan Tock Seng Hospital, Singapore 

Abstract: Abstract: 

Background:Background:  Unti l May 2000, bivalen t A/C meningococca l vaccin e was the only avail -

ablee vaccin e in Singapor e for hajj traveler s to Saudi Arabia . Recent worldwid e report s 

off  serogrou p W-135 meningococca l meningiti s associate d wit h hajj returnee s neces-

sitate dd switchin g to quadrivalen t A/C/Y/W-135 vaccin e and crossove r vaccinatio n of 

traveler ss to Saudi Arabia . No safety data are availabl e for quadrivalen t vaccin e follow -

ingg recent vaccinatio n wit h bivalen t vaccine . We assessed the safety and side effec t 

profil ee of bivalent , quadrivalen t and quadrivalen t meningococca l vaccin e after recent 

vaccinatio nn wit h bivalen t vaccine . 

Methods:Methods:  A postvaccinatio n telephon e questionnair e surve y was performe d for all 

traveler ss who receive d eithe r bivalen t (B), quadrivalen t (Q), or quadrivalen t wit h recent 

(ass define d by less than 6 month s before ) bivalen t meningococca l vaccin e (BQ) between 

222 May and 8 June 2000 in preparatio n for the umrah (mino r pilgrimage) . Patient s were 

askedd about loca l reaction s (pain , erythema , swellin g at injectio n sit e graded in mild , 

moderate ,, and severe) and systemi c reaction s (fever , headache , gradedi n mild and severe) . 

Results:Results:  Of 546 person s vaccinated , 323 were interviewed . Median tim e interva l bet-

weenn intervie w and vaccinatio n was 10 days. Of thos e interviewed , 64 patient s re-
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ceivedd bivalen t (B), 213 quadrivalen t (Q), and 46 quadrivalen t after recent bivalen t 

vaccin ee (BQ). The median interva l tim e between previou s bivalen t and quadrivalen t 

vaccin ee was 5 weeks. There was no statisticall y significan t differenc e in the prevalenc e 

off  side effect s between the thre e groups . Mild pain at injectio n sit e was recorde d in 

BB as 21.8%, Q as 23%, BQ as 21.7%; low grade fever in B as 7.8%, Q as 9.8%, and 

BQQ as 15.2%. 

Conclusions:Conclusions:  Bivalen t and quadrivalen t meningococca l vaccin e are wel l tolerated . 

Crossove rr  vaccinatio n of quadrivalen t meningococca l vaccin e after recen t vaccinatio n 

wit hh bivalen t vaccin e does not increas e the prevalenc e of advers e reaction s and is 

therefor ee safe. 

INTRODUCTIO N N 

Despitee antibiotic treatment, the mortality rate in meningococcal disease still exceeds 

20%,'' which underlines the importance of prevention. At least 13 different serogroups 

off  Neisseria meningitidis exist of which the groups A, B, and C are responsible for nearly 

alll  the outbreaks,2 but groups Y and W-135 also account for an increasing proportion of 

meningococcall  disease cases.35 Currendy there are two meningococcal vaccines widely 

available,, the bivalent vaccine protecting against serogroups A/C and the quadrivalent vac-

cinee protecting against A/C/Y/W-135. 

Amongg travelers the attack rate for meningococcal meningitis has been estimated to 

bee 0.4 per million whereas the rate in Haj pilgrims to Mecca is as high as 2000 per million.1 

Inn an effort to reduce the incidence of meningococcal disease amongst pilgrim travelers to 

Saudii  Arabia, immunisation with meningococcal vaccine A/C is a prerequisite for entry 

intoo Saudi Arabia. 

Untill  May 2000, annually about 5000 - 7000 Pilgrims from Singapore travelling to 

Meccaa for the Hajj (major pilgrimage) or Umrah (minor pilgrimage) received the bivalent 

vaccinee at various travel clinics inn Singapore. However, after the year 2000 Hajj the WHO 

releasedd worldwide reports of meningoccocal disease serogroup W-135 associated with 

returneess from the Hajj and their close contacts.5 In Singapore there were four confirmed 

casess with W-135 meningococcal disease,6 two of whom were Hajj returnees, two 

householdd contacts of Hajj returnees.7 

Therefore,, in May 2000, the Ministry of Health in Singapore recommended an 

immediatee switch to quadrivalent vaccine (A/C/Y/W-135). 

Vaccinationn for all those pilgrims to Umrah (which for the year 2000 was in June) 

wass performed with the quadrivalent vaccine as well as crossover vaccination for those who 

hadd recendy received the bivalent vaccine before the quadrivalent was available. However, 
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theree are no data on safety of quadrivalent vaccine after recent administration of bivalent 

vaccine.. A postvaccination telephone questionnaire survey was conducted to assess the 

adversee effect profile and ascertain the safety. 

METHOD S S 

AA retrospective postvaccination telephone questionnaire survey was performed between 

22 June til l 18 June 2000 at the Travelers'Health and Vaccination Centre, Tan Tock Seng 

Hospital,, Singapore. All travelers to Mecca (Umrah) who had received meningococcal 

vacciness at above center between 23 May and 8 June 2000 were eligible. The interview 

wass conducted in Malay by two research assistants, both fluent in Malay and English. A 

standardisedd questionnaire was used. After obtaining verbal approval patients were asked 

aboutt local reactions (pain at injection site: mild/moderate/severe; swelling at injection 

site:: larger/smaller than a ten cent coin; redness: larger/smaller than a ten cent coin. A ten 

centt coin is equal to 10mm) and systemic reactions (headache: mild or severe; fever: low 

orr high), onset of symptoms (<3 days or >3 days after vaccination) as well as duration of 

symptomss (<3 days or > 3 days). Information was gathered based on subjective impression 

off  the vaccinees. 

Thee interval between vaccination and interview was aimed at ten days. Data from 

clinicc records were retrieved to classify the travelers into type of vaccine, date of previous 

vaccinationss andd other demographic information (age, gender, ethnicity, history of allergies 

andd past vaccination reactions). 

Patientss were classified into three groups: Those receiving bivalent vaccine (B), 

quadrivalentt vaccine (Q) and quadrivalent vaccine after recent bivalent (as defined by more 

thann 2 weeks and less than 6 months prior to quadrivalent vaccination) (BQ). 

Chii  square test was used to assess differences in side effect profile between the three 

groups.. The criterion for significance (Alpha) was set at 0.05. 

Thee study was approved by the Ethics Committee of Tan Tock Seng Hospital, 

Singapore. . 

RESULTS S 

AA total of 546 travelers were vaccinated between 23 May til l 8 June 2000. Of them 169 had 

alreadyy left for Saudi Arabia, 29 did not answer the phone on 3 consecutive days and 25 

hadd no phone. Al l of the 323 who were able to be contacted consented to participate in the 

telephonee interview (response rate 100%). Vaccinees' characteristics are shown in Table 1. 

Off  the 323 interviewees, 64 persons received bivalent vaccine (B), 213 quadrivalent 

(Q),, 46 received the quadrivalent after recent bivalent vaccine (BQ). None had a past 

historyy of serious vaccination reactions. All those who received bivalent meningococcal 
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Tablee 1: Vaccinees' characteristics. 

ii  age 

Female Female 

Male Male 

Malay/Indonesian Malay/Indonesian 

Indian Indian 

Chinese Chinese 

Arab Arab 

39+/--

188 (range 2-85) 

178 8 

145 5 

269 9 

49 9 

3 3 

0 0 

orr quadrivalent meningococcal vaccine alone had no other meningococcal vaccination 

withinn the previous three years. The median time between telephone interview and 

datee of vaccination was 10 days (range 6-12 days). The median interval time between 

administrationn of previous bivalent and quadrivalent vaccine was 5 weeks (range 3 weeks 

too 6 months 

Tablee 2 summarises the side effects in the three groups. 

Theree was no statistically significant difference in the prevalence of side effects 

betweenn the three groups, neither in multiple testing nor in the analysis for systemic and 

locall  side effects. For those who received quadrivalent after recent bivalent meningococcal 

vaccinee there was no difference in incidence of side effects in relation to interval between 

thee administration of the two vaccines. 

Thee main complaint was pain at the injection site (21.8% for B, 23% for Q, 21.7 % for 

BQ).. Low grade fever was reported in 7.8% for B, in 9.8% in Qand in 15.2% in QB. The 

durationn of symptoms never exceeded 3 days. None had side effects for longer than 3 days. 

Inn two vaccinees the side effects started 3 days after vaccination (1 with headache, 1 

withh fever). 

DISCUSSION N 

Ass Neisseria meningitidis serogroup A is the most important cause of meningococcal disease 

inn Saudi Arabia,8"9 the bivalent vaccine (A/C) used to be the most common vaccine given 

too pilgrim travelers to Saudi Arabia. It is also cheaper than the quadrivalent meningoccocal 
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vaccinee (A/C/Y/W-135). The 2000 Hajj W-135 outbreak in Mecca pilgrim returnees and 

theirr close contacts5 necessitated an immediate switch in the recommendation to the quad-

rivalentt A/C/Y/W-135 vaccine. In Singapore, we faced the unique situation of pilgrims 

whoo had already received the bivalent vaccine in preparation for their travel for the up-

comingg Umrah in May/June 2000 before the quadrivalent vaccine was available. Crossover 

vaccinationn with the quadrivalent vaccine was justified in light of the serious outbreak of 

meningococcall  disease with serogroup W-135, even if there were no data published about 

thee safety of vaccination with the quadrivalent vaccine after recent administration of the 

bivalentt vaccine. Our results show that crossover vaccination with the quadrivalent menin-

gococcall  vaccine after recent (median of 5 weeks) administration of the bivalent vaccine 

doess not increase adverse effects and is therefore safe. Bivalent and quadrivalent meningo-

coccall  vaccine were both tolerated well. There were no severe reactions amongst the 323 

vaccinees.. Most common side effects were mild pain at the injection site, mild headache 

andd low-grade fever. This is in keeping with findings in previous studies.10"12 

Theree may have been an overestimate of the prevalence of adverse reactions, as a 

significantt number of eligible vaccinees had already left for the Umrah. However, we think 

thatt this bias is small, as none of the vaccinees had serious side effects which could have 

delayedd the departure. The other limitation of the study is that the median interval between 

vaccinationn and telephone interview was 10 days so that any adverse effects occurring more 

thann 10 days after vaccination were not recorded. However, the safety profile known from 

thee literature does not suggest late onset of adverse effects. 

Duee to the unique epidemiological circumstances, the size of our study cohort was 

necessarilyy limited. The relatively small size of the population raises the possibility that 

thee lack of any statistically significant results represents a Type II error (i.e. false negative 

result).. However, the study had a power of more than 90% to detect a 30% increase in 

thee incidence of systemic (or local) reaction in the crossover group, a frequency at which 

onee might consider that cross over vaccination was undesirable. Furthermore, given that 

wee found no serious adverse effects in any patient, it is unlikely that the study missed a 

clinicallyy important excess of serious events in the crossover group. 

Thee quadrivalent vaccine has demonstrated similar seroconversion rates for 

polysaccharidee A and C (99% for both A and C) (12) as the bivalent A+C vaccines (97.9% 

respectivelyy 94.8%)13 with additive efficacy against Y and W-135 (seroconversion rates of 

97%% and 89% respectively).12 Bivalent A+C vaccines may result in an increase in carriage 

ratess of other serogroups.14 Selective increase in the carriage rate of W-135 in Saudi Arabia 

inn a population of which a majority has been vaccinated with A+C vaccine might have 

contributedd to the recent outbreak of W-135 serogroup meningococcal meningitis in 

Saudii  Arabia. 
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Inn view of increasing worldwide reports of cases with Y and W-135 serogroup 

NeisseriaNeisseria meningitidis, it should be recommended to travelers to be vaccinated with the 

quadrivalentt A/C/Y/W-135 meningococcal vaccine when planning to travel to endemic 

areas.. Crossover vaccination for those who had recent bivalent meningococcal vaccination 

beforee the quadrivalent vaccine was available is indicated to offer a greater protection. Our 

studyy shows that crossover vaccination is safe. 
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INTRODUCTIO N N 

Thee annual Islamic pilgrimage to Mecca and Medina (Hajj) attracts more than 2 million 

pilgrimss from all over the world. Overcrowding provides ideal conditions for person-to-

personn transmission of meningococci. During the Hajj 2000, an international outbreak 

off  meningococcal disease occurred.1 This outbreak generated particular interest as it was 

causedd by serogroupW135, a serogroup which hitherto had not played a major role in 

epidemics.2,33 Furthermore, many close contacts of asymptomatic returning pilgrims were 

affected.22 Although vaccination can protect pilgrims against invasive disease due to W135, 

itt does not prevent acquisition of pharyngeal carriage which is the primary source for 

transmission.44 Returning pilgrims may spread the bacteria to their unvaccinated household 

contactss or even to the community at large. 

Wee investigated the extent of transmission of N. meningitidis in Hajj pilgrims and 

theirr contacts, in order to provide evidence for developing a rational public health policy. 

METHOD SS AND RESULTS 

Wee conducted a prospective study on meningococcal carriage in Singaporean pilgrims be-

foree the Hajj and in pilgrims and their household contacts two weeks after return from the 

Hajj.. Serogrouping and pulsed field gel electrophoresis was performed on meningococcal 

isolatess to determine the predominant serogroup and relatedness of the strains. Subjects were 
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Tablee 1: Meningococcal carriage in Hajj  pilgrim s and household contacts 
(p,0.0011 between pre- and post-Hajj  pilgrim s using the McNemar test). 

questionedd about the occurrence of any symptoms of upper respiratory tract infection, use 

off  antibiotics within the within the past month and number of persons in the household. 

Tonsillopharyngeall  swabs were taken from 204 Malay pilgrims at the time of 

vaccinationn with quadrivalent meningococcal vaccine (median 39 (range 18 to 72) days 

priorr to their departure for the Hajj pilgrimage). Median age was 48 (24 to 74) years, 

andd 92 (45%) were male. Only one of these pilgrims carried N. meningitidis which was 

identifiedd as serogroup X. 

Wee took repeat swabs from 171 (84%) of the pilgrims at a median of 17 (1 to 45) days 

afterr return from the Hajj and found 29 (17.0%) to be meningococcal carriers (p < 0.001 

comparedd with carriage rate prior to the Hajj) (Table 1). Ninety five (56%) of returning 

pilgrimss reported cough in the preceding month, and 70 (41%) reported use of antibiotics. 

Carriagee was significantly higher in those who had not taken antibiotics (22/101, 22%) 

thann in those who had taken antibiotics (7/70,10%) (p = 0.045), but no relationship existed 

betweenn carriage and age, gender or recent symptoms of upper respiratory tract infection. 

Pulsedd field gel electrophoresis showed 26/29 (90%) meningococci isolates in Hajj 

returneess to be a single clone, identified as serogroup W135 in most cases and related to 

thee strains that caused Hajj associated invasive meningococal disease in Singapore. 

Thee returning pilgrims reported a median of 4 (1 to 10) persons living in their 

household.. The total number of contacts (non-Hajj pilgrims within the same household) 

wass 317. Swabs were taken from 233 (74%) of these household contacts at a median 

timee of 26 (3 to 45) days after the pilgrims return to the household. The median age of 

householdd contacts was 20 (range 1 to 67) years and 165 (52%) were children under the 

agee of 18 years. The prevalence of meningococcal carriage in household contacts was 8.2%, 

off  whom 42% were the W135 clone (3.4% W135 clone carriers out of all household 
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contacts).. All but one of the contacts carrying the W135 clone were contacts of returning 

pilgrimss with the W135 clone. Of the 26 pilgrim W135 clone carriers (all from different 

households),, 6 (23%) transmitted this strain to 7 contacts, of whom 2 were from the same 

household.. The acquisition rate of the W135 clone in contacts of returning carriers of the 

samee strain was 13% (seven out of 54 contacts of pilgrims). 

COMMENT S S 

AA high acquisition rate of a single clone ofW135 N. meningitidis occurred during the 2001 

Hajjj  pilgrimage. Many countries currendy give bivalent meningococcal vaccine (cover-

ingg A and C) to Hajj pilgrims. Vaccination with the quadrivalent meningococcal vaccine 

(alsoo covering W135,) should become mandatory for all Hajj pilgrims and be considered 

forr household contacts. Transmission of this clone from vaccinated Hajj returnees to their 

unvaccinatedd household contacts was substantial, putting contacts at particular risk of 

developingg invasive disease. Our findings support a policy of administering antibiotics to 

pilgrimss prior to their return to their countries of origin to eradicate carriage and thereby 

protectt household contacts. 
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Summary Summary 

Followingg the W135 meningococcal outbreak associated with the Hajj 2001, fifteen 

percentt of returning vaccinated pilgrims carried a single W135 clone, and 55% were 

stilll  carriers 6 months later. Transmission to 8% of their unvaccinated household con-

tactss occurred within the first few weeks, but there was no late transmission. Public 

healthh interventions are needed to protect household contacts. 

INTRODUCTION N 

Thee annual Islamic pilgrimage to Mecca and Medina in Saudi Arabia (Hajj pilgrimage) at-

tractss approximately 2 million pilgrims from all over the world. Overcrowding during the 

onee month long religious rituals may facilitate rapid dissemination of meningococci.1'3 An 

internationall  outbreak of W135 meningococcal disease occurred in association with the 

Hajjj  pilgrimage in the years 2000 and 20014*5 with a high attack ratee not only amongst the 

pilgrimss but also amongst household contacts of returning pilgrims.6"10 

Meningococcall  carriers are the primary source of N. meningitidis transmission.11 

Althoughh vaccination can protect pilgrims against invasive meningococcal disease, it 
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doess not prevent acquisition of carriage.12 Pilgrims returning from the Hajj may have a 

highh meningococcal carriage rate,13 and following the W135 outbreak during the Hajj 

pilgrimagee 2001, we documented a high acquisition rate of a single clone of W135 in 

pilgrims.144 Returning pilgrims may therefore spread the organism to household contacts or 

evenn to the community at large. 

Althoughh it has been shown that W135 can attain a high carriage rate,14,15 there are no 

dataa on the duration of carriage of W135. Persistence of carriage may represent a threat to 

thee community and has important public health implications. We set out to determine the 

persistencee of W135 meningococcal carriage in pilgrims and to quantify the ongoing risk 

off  transmission to household contacts. 

METHOD S S 

Vaccinationn records kept at a Moslem center in Singapore were reviewed to identify pil-

grimss on the Hajj 2001. Returning pilgrims, all of whom had received pre Hajj quadri-

valentt meningococcal polysaccharide vaccine were contacted and invited to participate in 

thee study. 

Tonsillopharyngeall  swabs were taken from returning Hajj pilgrims 2 weeks after 

thee Hajj pilgrimage 2001, and those found to be carriers of the W135 clone (henceforth 

referredd to as pilgrim carriers') had a repeat swab taken 5-6 months later. Antibiotics were 

nott routinely administered to those who were identified as carriers, although some took 

antibioticss for other indications during the follow-up. 

Alll  household contacts of pilgrim carriers were contacted to come for a throat swab 

withinn the first month and 5-6 months after the Hajj. In addition, all household contacts 

whoo were negative at initial throat swab were asked to return for serial throat swabs taken 

22 weeks, 1-2 months and 2-3 months later. 

Swabss were transferred to a plate of selective culture medium (Oxoid GC). Culture 

platess were immediately put in candle jars and transferred to the laboratory within 2-4 

hourss of collection. Serogrouping by latex agglutination (Murex) and pulsed field gel 

electrophoresiss (PFGE) was performed on all meningococcal isolates. PFGE was performed 

usingg previously described methods.16 The Tenover criteria were used to interpret the 

patternn of bands.17 

Alll  subjects gave written informed consent. The study was approved by the Ethics 

Committeee of Tan Tock Seng Hospital. 

RESULTS S 

Swabss were taken from 373 Malay pilgrims at a median time of 26 (range 3-45) days after 

returnn from the Hajj. The median age was 47 (range 3-78) and 57 % were female. Of the 
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373,, 61 (16%) were found to be meningococcal carriers (95% CI: 13-21%). Of these 61, 

566 (92%) were of a single W135 clone by pulsed field gel electrophoresis (PFGE). Fifteen 

percentt (95% CI: 12-19%) of the returning pilgrims were carriers of the W135 clone, 

henceforthh referred to as 'pilgrim carriers'. 

Fortyy pilgrim carriers returned for a repeat swab at 5-6 months (range 144 to 182 

days)) after the Hajj. Of those 40, 22 (55%) remained carriers of the W135 clone. 

Thee household contacts of 42 of the pilgrim carriers (75%) agreed to come for throat 

swabs.. Swabs were taken from 117 household contacts, (response rate 84% for all existing 

1399 household contacts), at a median time of 32 (range 5 to 45) days after the Hajj. The 

mediann age of household contacts was 14 (range 1 to 52) years and 65.3% were children 

underr the age of 18 years. Of the 117 contacts, 13 (11%) were meningococcal carriers 

andd of those carriers 9 (69%) were found to carry the W135 clone (referred to as contact 

carriers').. The 9 contact carriers belonged to 8 households and 19% of the pilgrim carriers 

transmittedd the W135 clone to at least one household contact. 

Off  the initially 104 negative contacts, 26 had a repeat swab taken at a median interval 

off  15 days (range 11-27 days) after the initial swab within the first month after the Hajj 

andd all remained negative. Thirty-one of the 104 had repeat swabs taken at 1-2 months 

(mediann of 39 days, range 30-60), 32 at 2-3 months (median 65 days, range 62-72) and 

799 at 5-6 months (median 160 days, range 144-182) after the Hajj and none of them was 

foundd to have become a carrier (Figure 1). 

DISCUSSION N 

Thee high meningococcal carriage rate in returning pilgrims is consistent with the rate of 

14%% found in pilgrims returning to the United States following the 1987 Hajj epidemic 

withh serogroup A meningococci.13 It is also in keeping with studies in other situations 

wheree large numbers of previously unrelated individuals come into close social contact 

(e.g.. university freshmen) in which dramatic increases in carriage rate have been shown to 

occurr in the space of just a few days.1819 However, the carriage rate of 16% in this study 

iss markedly higher than the 2.6% found in pilgrims returning to the USA following the 

20011 Hajj.20 This discrepancy is unlikely to be explained by differences in study methodol-

ogyy alone, but is probably the result from differences in living conditions, degree of over-

crowdingg or social activities during the Hajj. Further detailed epidemiological studies will 

bee needed to determine exacdy which aspect of the pilgrimage is responsible for the high 

transmissionn that we have documented. The proportion of overall carriage attributable to 

thiss single W135 clone (92% of all carriage) in our study is quite extraordinary. Even in the 

situationn of a meningitis outbreak, the carriage of the hypervirulent strain responsible for 

invasivee disease rarely exceeds a few percent of overall carriage in the population.11,21,22 
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Tablee 1: Meningococcal carriage rates in returnin g Hajj  pilgrim s 
andd household contacts of pilgri m carriers. 

Meningococcal l 
Carriagee Rate 

verall l 

W1355 clone 

Returning g 
Hajjj  Pilgrims 

(nn = 373) 

NN (%) 56 (15.0%) 

Householdd Contacts of 
Pilgrimm Carriers* 

(n=117) ) 

13(11.1°/ / 

(7.7%) ) 

*Pilgrim*Pilgrim  carrier is a returning pilgrim with tonsillopharyngeal carriage of the W135 clone. 

117 7 
contacts s 

off  pilgrim 

carriers s 

Figuree 1: Serial tonsillopharyngeal swabs for  returnin g 
Haj jj  pilgrim s and household contacts. 
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remained d 
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*Pilgrim*Pilgrim  carrier is a returning pilgrim with tonsillopharyngeal carriage of the W135 clone; 

contactcontact carrier is a shouehold contact ofapilrim carrier and carries the W135 clone. 
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Inn addition to our findings that W135 can attain a high carriage rate, we have shown 

thatt duration of carriage with this strain is substantial (55% of carriers remain positive after 

5-66 months). This indicates that returning pilgrims could potentially represent an ongoing 

threatt to the community. 

Too our knowledge this is the first study to investigate the extent of early compared to 

latee transmission rate of N.meningitidis from pilgrim carriers to household contacts. We 

foundd that returning pilgrims carrying the W135 clone transmitted it to 7 7% of their 

householdd contacts, which is of the same order of magnitude as the transmission rate 

off  meningococcal carriage from patients with invasive disease to household contacts. * 

However,, acquisition only occurred in the first month of contact with the returning 

pilgrimm carriers, and none of the initially negative contacts acquired the strain after 

monthss of exposure. The absence of late transmission is an important new finding for 

whichh the explanation is currently unclear. Possibilities include the absence of particular 

epidemiologicall  risk factors for transmission in persistently negative contacts or host 

protectivee factors or attenuated virulence of the organism in the pilgrim carrier with time. 

Furtherr studies are warranted to investigate our observation. 

Thee absence of late transmission in our cohort is also consistent with our national 

epidemiologicall  data which showed that all the cases of invasive W135 meningococcal 

diseasee in contacts of Hajj returnees occurred within 2 months after the end of the Hajj 

pilgrimagee 2001 and no further cases occurred later in the year.10,25 However, although 

persistencee of carriage appears not to put the household contact at risk, it may be an 

importantt threat to the community at large. Cases of W135 disease were identified in the 

UKK several months after the end of the Hajj, but most of these cases had no identifiable 

directt contact with Hajj pilgrims.6 

Althoughh vaccination may protect the pilgrims from invasive disease, our data show 

thatt returning pilgrims represent a sizeable reservoir of a highly transmissible and persistent 

W1355 clone which places their unvaccinated family contacts (and possibly the community 

att large) at risk of invasive disease. The appropriate public health response to this problem is 

currendyy unclear. One approach would be to eradicate carriage in pilgrims by administering 

antibioticss at the point of return to their home countries. However more data on the impact 

off  this intervention and on resistance and safety issues is needed before embarking on such a 

large-scalee programme. Vaccination of household contacts is a potential strategy, but would be 

expensivee and also difficult to implement. Increasing uptake of the quadrivalent meningococcal 

vaccinee (that has now been made mandatory for all pilgrims6) may have a beneficial effect in 

decreasingg the carriage of W135.6 Although it did not prevent acquisition of carriage in our 

cohortt of Singaporean pilgrims, it may have a greater effect when the entire Hajj pilgrim 

populationn is vaccinated. Future studies are important in order to determine this. 
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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. 

INTRODUCTIO N 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. 

METHOD S 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 

W135W135 Meningococcal Disease Associated with the Hajj Pilgrimage 



Studies Studies 

isolatedd from tonsillopharyngeal swabs of returning pilgrims and their household contacts 

followingg the Hajj 2001.13 

ANALYSI S 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 

W135W135 Meningococcal Disease Associated with the Hajj Pilgrimage 49 9 



ChapterChapter 7 Studies Studies 

Figuree 1: Time of occurrence of cases of Hajj-associated disease 
duee to Neisseria meningitidis serogroup W135 in Singapore. 
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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 
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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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AA 33 year old healthy British journalist flew from London to Morocco where she stayed for 

100 days. She then traveled to Japan. After 11 days in Japan she flew to Singapore. On the 

airplanee she complained of fever, chills and rigor. After arrival in Singapore, she immedi-

atelyy went to her hotel and was then found semi-conscious by her friend in her hotel room. 

Onn admission to the hospital she was in shock, febrile, with neck stiffness and a generalized 

petechiall  rash. I.v. antibiotic treatment was promptly instituted. Lumbar puncture grew 

N.N. meningitidis W135. The patient recovered fully, with no sequelae except for residual 

headache.. Subsequently she returned to her home country. 

Thiss is the first reported case of non-Hajj associated, imported Wl35 meningococcal 

diseasee in Singapore and, to our knowledge, the first reported case of W135 disease in a 

generall  traveler. 

Inn Singapore, W135 meningococccal disease appears to be a new emerging problem, 

butt all cases were related to the Hajj pilgrimage.1 The pilgrimage to the Hajj is an annual 

Islamicc event in Saudi Arabia. In 2000 and 2001, an international outbreak occurred in 

associationn with this pilgrimage, caused by a previously rare meningococcal serogroup Wl 35 

strain.2"44 Molecular typing of W135 isolates from this outbreak showed this strain to be of 

clonall  origin (ET 37 complex) and closely related to other meningococci with an established 

propensityy to cause disease clusters.2 Upon return to their home countries, sustained 

transmissionn was shown to occur mainly, but not exclusively, among Muslim communities.3 
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Thee origin of the Hajj associated virulent W135 clone remains unclear. It has 

beenn postulated that Moslems from Africa may have introduced this strain to the Hajj 

pilgrimage.55 Meningococcal disease due to V/135 has been reported in Africa since 

thee early 1980s,6 and high levels of symptomless carriage of W135 strains were found 

duringg a vaccine trial in Gambian children in 1996.5 The first major outbreak of W135 

meningococcall  disease in Africa occurred in early 2002 in Burkina Faso affecting more 

thann 8,000 cases.7'8 

Meningococcall  carriers are the primary source of N. meningitids transmission under 

bothh epidemic and endemic conditions.9 In Japan, W135 disease has not yet been reported. 

Althoughh a Medline search did not yield any reports on W135 disease in Morocco, it is 

mostt likely that above patient was exposed to Wl 35 in Morocco, a predominandy Moslem 

countryy in Northern Africa. The onset of her symptoms was 11 days after she left Morocco, 

whichh would be consistent with the reported interval between acquiring a new strain and 

developingg disease.10 Alternatively, she may have contracted V/135 meningococcal disease 

onn her air travel through close proximityy to a V/135 pharyngeal carrier. 

Unfortunatelyy her meningococcal isolates were not available to us for sequencing to 

determinee the relatedness of this strain with the V/135 meningococcal isolates we found in 

associationn with the Hajj pilgrimage.11 

Thiss case report underscores the need for travelers to be vaccinated against 

meningococcall  disease when traveling to Africa, in particular to the Africa meningitis belt.12 

Inn response to the major outbreaks of W135 meningococcal disease currently occurring 

inn Africa, health care providers should administer the quadrivalent meningococcal vaccine 

(againstt A/CA7V/135) instead of the bivalent vaccine. 
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Abstract: Abstract: 

Introduction Introduction 
Moslemss from all over the world go to Mecca and Medina in Saudi Arabia for two types 
off pilgrimage: the 'major' pilgrimage (Hajj) and the 'minor' pilgrimage (Umra). 

Ann international outbreak of meningococcal disease with serogroup W135 occurred 
inn association with Hajj pilgrimage in the years 2000 and 2001, and it has been shown 
thatt pharyngeal carriage of a single W135 strain was high in returning Hajj pilgrims. 
Wee investigated the meningococcal carriage in Umra pilgrims to determine the extent 
off circulation of this strain during the 'minor' pilgrimage. 

Method Method 
Tonsillopharyngeall swabs were taken from Umra returnees. Serogrouping and pulsed 

fieldd gel electrophoresis were performed on all meningococcal isolates. Subjects were 

questionedd about the occurrence of symptoms of upper respiratory tract infection and 

usee of antibiotics during the pilgrimage. Results were compared with those previously 

reportedd in Hajj pilgrims. 

Results Results 
Wee enrolled 160 pilgrims returning from the Umra pilgrimage in 2001. The 
meningococcall carriage rate was 1.3%, which is significantly lower compared to the 
Hajjj pilgrimage (17%; p<0.001). None of the Umra pilgrims carried serogroup W135, 
whereass 90% of the isolates in returning Hajj pilgrims were N. meningitidis W135. 
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Conclusions Conclusions 

Meningococcall carriage during the Umra pilgrimage was significantly lower compared 
too the Hajj pilgrimage in the year 2001. No carriage of N. meningitidis W135 was 
documentedd in Umra pilgrims, whereas this was the predominant serogroup in Hajj 
pilgrims.. Public health measures to reduce the potential introduction of N. meningitidis 
W1355 into the countries of origin of returning pilgrims need to be prioritized for the 
Hajjj pilgrimage. 

INTRODUCTIO N N 

Moslemss from all over the world go to Mecca and Medina in Saudi Arabia for two types 

off  pilgrimage: the major' Hajj pilgrimage and the minor' Umra pilgrimage. During the 

Hajjj  pilgrimage more than 2 million Moslems from all over the world congregate for one 

monthh in Mecca and Medina in Saudi Arabia during a certain time of the lunar calender. 

Inn contrast, the Umra pilgrimage is an individual and shorter pilgrimage all year round, 

involvingg a smaller number of pilgrims.1 

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

transmissionn of meningococci, and this pilgrimage has previously resulted in widespread 

disseminationn of meningococcal disease,1"3 such as the major serogroup A outbreak in 

1987.22 Vaccination against group A was subsequendy made compulsory for Hajj pilgrims. 

Inn 1992, an outbreak with serogroup A occurred amongst Umra pilgrims.1 indicating 

ongoingg circulation of this strain, and vaccination with bivalent meningococcal vaccine 

wass therefore extended to Umra pilgrims. 

Inn 2000 and 2001, a previously rare meningococcal serogroup W135 strain caused an 

outbreakk among pilgrims and their contacts, associated with high attack and case fatality 

rates.44 Meningococcal carriers are the primary source of N. meningitidis transmission, and 

thee carriage rate of virulent strains may be correlated with the risk of an outbreak.5 A high 

ratee of acquisition of N. meningitidis W135 carriage was documented in Singaporean 

pilgrimss returning from the Hajj 2001 although all of them had received quadrivalent 

meningococcall  vaccine6. Returning pilgrims transmitted this strain to household contacts.6 

Urgentt implementation of public health policies for the Hajj pilgrimage is warranted,4'7 but 

itt is currendy unclear whether these policies should be extended to the Umra pilgrimage. 

Informationn on the circulation of this new strain during the minor pilgrimage is 

lacking.. We therefore investigated the meningococcal carriage in returning Umra pilgrims 

too determine the extent to which Umra pilgrims are at risk of meningococcal disease. 

METHOD S S 

Pilgrimss who went on the minor 'Umra pilgrimage in June 2001 were recruited from a 
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Moslemm vaccination center in Singapore where they had received quadrivalent meningo-

coccall  polysaccharide vaccine prior to departure for the Umra. Returning pilgrims were 

askedd to have a throat swab taken 2 weeks after return from the Umra pilgrimage. Two 

researchh nurses were trained to use a standard technique: A swab was taken from both 

tonsilss and the pharyngeal wall and immediately plated on to a selective culture medium. 

Culturee plates were immediately put in candle jars and transferred to the laboratory within 

2-44 hours of collection. Serogrouping by latex aggluatination (Murex) and pulsed field gel 

electrophoresiss (PFGE) were performed. PFGE was performed using previously described 

methods.88 The Tenover criteria were used to interpret the patterns of bands.9 Isolates were 

comparedd with theW135 outbreak clone found in returning Hajj pilgrims in the same 

year.. Isolates were considered to be unrelated to the Hajj associated W135 clone if they 

differedd by 7 or more bands.10 

Al ll  pilgrims were questioned about upper respiratory symptoms and intake of 

antibioticss during the pilgrimage. Age, gender and duration of stay during the pilgrimage 

weree recorded. 

Dataa were compared with an earlier cohort of Hajj pilgrims, studied by the 

samee methods.6 

Thee study was approved by the Ethics Committee of Tan Tock Seng Hospital, 

Singapore. . 

RESULTS S 

Onee hundred and sixty Umra pilgrims (almost all Malay) were enrolled at a median in-

tervall  of 14 days (range 4-36) after return from the Umra. The median age was 40 (range 

2-80)) and 64% were female. The median duration of stay was 11 days (range 7-44). Only 

22 (1.3%) returning pilgrims carried N. meningitidis (one non-groupable, one autoaggluti-

nator)) and none of the pilgrims carried the W135 outbreak clone previously identified in 

Hajjj  pilgrims.6 

Thee data were compared with those from a cohort of Hajj pilgrims in 2001 (January 

too April ) previously reported6 and summarized in tables 1 and 2. Umra pilgrims had a 

significandyy lower carriage rate (1% vs. 17%, p<0.001) compared to the returning Hajj 

pilgrims,, but the same carriage rate as the Hajj pilgrims before departure for the Hajj.6 

Pulsedd field gel electrophoresis showed that neither of the isolates found in Umra pilgrims 

weree related to the W135 clone in Hajj pilgrims. 

Coughh was the most common complaint in both groups, but significantly less 

frequentt in Umra compared to Haj pilgrims (13%vs 56%, p< 0.001). Only 7% 

off  the Umra pilgrims took antibiotics (compared to 4 1% of the Hajj pilgrims) 

(p<0.001). . 
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Tablee 1: Demographic characteristics of Umra and Hajj  pilgrims. 

Mediann age (years) 

Genderr (Male) 

Mediann interval between return 
fromm pilgrimage and throat swab 
inn days (range) 

40 0 

35.6% % 

14 4 
(4-36) ) 

48 8 

46.2% % 

17 7 
(1-45) ) 

Tablee 2: Meningococcal carriage rate, prevalence of W135 carriage, 
andd prevalence of cough, sore throat and intake of antibiotics 

inn Umra returnees compared to Hajj  returnees. 

Overalll  meningococcal 
carriagee rate 17 7 <0.001 1 

Cough h 13 3 56 6 <0.001 1 

Usee of antibiotics 

*p-values*p-values from Chi-square test 

41 1 <0.001 1 
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DISCUSSION N 

Thee meningococcal carriage rate in returning Umra pilgrims was similar to that docu-

mentedd in pilgrims before departure to the Hajj pilgrimage from Singapore6 and from the 

USS in 2001n indicating that no significant acquisition of meningococcal carriage occurred 

duringg the Umra pilgrimage. We found no W135 carriage in returning Umra pilgrims, 

inn contrast to the high carriage rate we reported in Hajj pilgrims in the same year from a 

similarr cohort using the same methods.6 The low carriage rate is in keeping with national 

epidemiologicall  data where W135 meningococcal disease was only reported in temporal 

associationn with the Hajj pilgrimage but not the Umra pilgrimage12. The striking differ-

encee in W135 carriage between the Singaporean Hajj and Umra pilgrims in 2001 cannot 

bee explained by differences in vaccine coverage as both cohorts had received the quadriva-

lentt meningococcal vaccine, nor can it be explained by the difference in antibiotic intake 

ass the higher intake amongst Hajj pilgrims should have led to a lower carriage. The lack 

off  acquisition of meningococcal carriage in Umra pilgrims is likely to be due to epidemio-

logicall  factors such as a shorter duration of exposure and the smaller number of pilgrims 

duringg the Umra. It is conceivable that the conditions during the Umra pilgrimage are 

lesss conducive to airborne transmission as symptoms of upper respiratory tract infections 

weree reported much less frequendy following the Umra compared to the Hajj. Concur-

rentt upper respiratory infections increase the risk of meningococcal disease13 and may thus 

contributee to the higher incidence of meningococcal carriage associated with outbreaks 

documentedd in relation to the Hajj rather than the Umra pilgrimage. 

Inn response to the Hajj associated outbreak of W135 disease, the Saudi Arabia 

Ministryy of Health had made quadrivalent meningococcal vaccine (against A/C/Y/W135) 

aa visa requirement for 2002.4 Although no transmission of W135 could be demonstrated 

forr the Umra, it would be appropriate to apply the same policy to Umra pilgrims. Years 

afterr the introduction of mandatory vaccination of A/C vaccine for Hajj pilgrims, an 

outbreakk of meningococcal disease serogroup A occurred amongst Umra pilgrims.1 

Ongoingg transmission of W135 is likely to happen, as it did for serogroup A in the 

1990's.. It is conceivable that transmission of W135 may be higher for those Umra pilgrims 

arrivingg shortly after the completion of the Hajj compared to our cohort who arrived about 

33 months after the Hajj. This would be an important area for future study. 

Concernn has been raised that mandatory vaccination of more than 2 million pilgrims 

annuallyy with the quadrivalent meningococcal vaccine may lead to a worldwide transient 

shortagee of the vaccine. Our findings would justify that quadrivalent vaccine should be 

prioritizedd for Hajj pilgrims until the stock of vaccine is sufficient. 

Thee Saudi Arabia Ministry of Health has declared that they will implement 

administrationn of antibiotics for all their local Saudii  Hajj is for the Hajj 2002 to eradicate 

W135W135 Meningococcal Disease Associated with the Hajj Pilgrimage 



Studies Studies 

carriagee in order to reduce transmission to household contacts and the community at 

large.144 This policy is supported by the findings of a high carriage rate in returning 

Hajjj  pilgrims.15 It was therefore important to determine whether this recommendation 

shouldd be extended to Umra pilgrims. Our findings of a low meningococcal carriage 

ratee in Umra pilgrims suggest that the administration of antibiotics is not indicated for 

Umraa returnees. 
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Abstract Abstract 

Wee document the absence of carriage of N. meningitidis W135 of the sequence type 

111 in returning pilgrims after the Hajj 2002 in contrast to the 15% carriage we 

previouslyy reported in pilgrims returning from the Hajj 2001. It would appear that 

thee epidemiology of carriage is changing or has been controlled by vaccination and a 

policyy of antibiotic administration to incoming pilgrims from high-risk countries. 

INTRODUCTIO N N 

Approximatelyy 2 million pilgrims from all over the world congegrate for the annual Islamic 

pilgrimagee to Mecca and Medina in Saudi Arabia (Hajj pilgrimage). As conditions of over-

crowdingg facilitate person to person transmission of meningococci, this pilgrimage has 

beenn associated with outbreaks of meningococcal disease.1"3 An international outbreak of 

serogroupp W135 meningococcal disease occurred during the Hajj pilgrimages in 2000 and 

2001.4,55 The outbreak-associated W135 strains were of a single clone of the electrophoretic 

typee (ET)-37 complex6 and closely related to other meningococci with an established 

propensityy to cause disease clusters.7 Several reports from all over the world have shown 

thatt this W135 outbreak strain not only affected pilgrims but also household contacts of 

returningg pilgrims and the community at large, with the potential of non-Hajj related 

furtherr epidemics.8"12 As nasopharyngeal carriage is the primary source of transmission,13 

thee worldwide dissemination is thought to be due to pilgrims who acquired W135 carriage 

duringg the pilgrimage and introduced the strain upon return to their countries of origin.14 
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Wee previously reported a 15% carriage rate of N. meningitidis^flYb'b in Singaporean pil-

grimss returning from the Hajj 2001, despite all of them being vaccinated with quadrivalent 

polysaccharidee meningococcal vaccine.15 This was associated with substantial transmission 

off  W135 carriage to unvaccinated household contacts.1516 Pulsed field gel electrophoresis 

off  these isolates showed that they were distinguishable in 83% (unpublished data), indi-

catingg that this outbreak had a clonal origin. The high transmission rate of W135 carriage 

fromm pilgrims to household contacts translated into a high attack rate of W135 meningo-

coccall  disease amongst contacts in 2001.17 

Wee investigated carriage rates in pilgrims returning from the year 2002 Hajj to 

determinee whether W135 was still a problem, and we compared the strains from 2002 

withh those from 2001 to document the evolving molecular epidemiology of Hajj associated 

W1355 strains. 

METHOD S S 

Wee conducted a prospective study on the acquisition of meningococcal carriage in 

Singaporeann Hajj pilgrims on the Hajj 2002. We used the same design and methods as 

wee used in our previous study for the Hajj 2001, and the study was performed by the 

samee research and laboratory staff.15 Pilgrims were recruited consecutively at the time 

off  vaccination with quadrivalent meningococcal and influenza vaccine at a Moslem 

centerr which performs mass vaccinations for pilgrims referred by numerous national 

Moslemm travel agencies. A swab was taken from both tonsils and the pharyngeal wall, 

usingg a standard technique, and immediately transferred to a plate of selective culture 

mediumm (Oxoid GC, Basingstoke, UK). Repeat swabs were taken two weeks after re-

turnn from the pilgrimage. Returning pilgrims were questioned about the occurrence of 

symptomss of upper respiratory tract infection, the use of any kind of antibiotic during 

thee pilgrimage and specifically the use of a single dose of ciprofloxacin. Al l subjects 

gavee written informed consent. The study was approved by the Ethics Committee of 

Tann Tock Seng Hospital. 

Culturee plates were immediately put in candle jars and transferred to the laboratory 

withinn 2-4 hours of collection, incubated at 37°C in humidified air with 5% carbon 

dioxide,, and examined for bacterial growth at 24 and 48 hours.18 Identification of isolates 

ass N. meningitidis was performed by traditional methods and was confirmed by API NH 

(bioMerieuxx SA, Lyon, France). The serogroup was determined by slide agglutination 

withh polyvalent sera and serogroup specific sera (A, B, C, D, Y, W135, X and Z) (Murex, 

Dartford,, UK). 

Pulsed-fieldd gel electrophoresis (PFGE) was performed on all meningococcal isolates, 

withh using previously described methods.19 The restriction enzyme used was SpA. 
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Multilocuss Sequence Typing (MLST) was done on all W135 isolates as well as on 

storedd isolates from the year 2001 Hajj, and performed as described by Maiden et al20 by 

sequencingg of seven housekeeping genes. Primers, determination of sequence alleles, and 

designationn of sequence types are described on the MLST website(http://neisseria.org/nm/ 

tvping/mlst). . 

Subjectt demographics, duration of stay at the Hajj, respiratory symptoms, antibiotic 

intake,, carriage rates and results of PFGE and MLST were compared with the findings by 

ourr group from Singaporean pilgrims returning from the Hajj 2001.15 

RESULTS S 

Tonsillopharyngeall  swabs were taken from 193 Malay pilgrims at a median time of 30 days 

(rangee 18-52) before their departure for the Hajj. One hundred fifty  three (79%) had a 

repeatt swab taken at a median time of 10 days (range 2-17) after their return from the Hajj. 

Thee mean age was 48 (SD 8.07) years and 48% were male. The mean duration of stay was 

333 days (range 14-41, SD 3.6). Returning pilgrims reported cough and use of antibiotics 

duringg the pilgrimage in 70% and 52.9% respectively. Nine per cent of pilgrims reported 

thee use of ciprofloxacin. 

Fourr of the pilgrims (2.6%) were carriers before the Hajj: three isolates were non-

groupable,, one was serogroup B. Two of the returning pilgrims (1.3%) were carriers, and 

bothh isolates were serogroup W135. 

Thee PFGE patterns of the two isolates of W135 differed from each other by more 

thann ten bands and each one differed by more than seven bands from the predominant 

PFGEE pattern identified in the 2001 Hajj.15 

Onn MLST, these two isolates were sequence type (ST)-192 and ST-32 and shared only 

onee of seven alleles with each other. They shared none of the seven alleles with the isolates 

fromm the year 2001 Hajj. Thirty of the 32 (94%) isolates that were typed from the 2001 

Hajjj  pilgrims were ST-11. 

Tablee 1 summarises the results from the year 2002 versus 2001 Hajj pilgrimage. 

DISCUSSION N 

Wee have documented a low W135 meningococcal carriage rate (1.3%) in pilgrims return-

ingg from the year 2002 Hajj, which is in stark contrast to the findings of 15% carriage rate 

inn pilgrims returning from the year 2001 Hajj.15 On multilocus sequence typing, these 

isolatess were ST-192 and ST-32 and not ST-11 which was the dominant sequence type in 

returningg pilgrims from the year 2001 Hajj. ST-11 is most commonly associated with the 

hypervirulentt ET-37 complex.6-7 Our strains from the year 2001 Hajj are therefore highly 

likelyy to be the same as the ET 37 ST-l 1 responsible for the outbreak in Saudi Arabia.6,7-9 
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Tablee 1: Pilgrims returnin g from the Hajj  2002 compared to those returnin g 
fromfrom  the Hajj  2001: sociodemographic characteristics, meningococcal carriage rate, 

carriagee ofW135 STll , prevalence of cough and intake of antibiotics. 

Mediann age (years) 48 8 48 8 

Racee (Malay in %) 98 8 98 8 

Mediann duration of 33 
pilgrimagee in days (range) (14-41) 

33 3 
(3-47) ) 

Carriagee of the W135 STll 
(inn %) 15 5 p<0.001 1 

Usee of antibiotics (in %) 

*p-valuesfrom*p-valuesfrom Chi-square test 

56 6 41 1 NS S 

Thee two W135 strains (ST -192 and ST -32) isolated in pilgrims returning from the year 

20022 Hajj were clearly distinct, both in PFGE and MLST, from the W135 strain (ST-11) 

isolatedd in pilgrims returning from the year 2001 Hajj15 and are thus unlikely to have 

evolvedd from ST-11 strains circulating in 2001. Genetically distinct Hajj-compatible phe-

notypess have also been reported in France in the year 2002.21 

Whilstt carriage rates are indicative of the potential of a meningococcal outbreak, 

occurrencee of disease is ultimately more informative.21 The absence of the hypervirulent 

W1355 ET ST-11 in returning Singaporean pilgrims from the Hajj 2002 is reflected by an 

absencee of Hajj associated clinical cases of W135 disease in Singapore in 2002. Thiss is also 

consistentt with international reports showing a marked decrease in cases of meningococcal 

diseasee in 2002 due to the Hajj 2000/2001 outbreak strain.21 It is therefore likely that in 2002 

thee W135 carriage was also low in pilgrim populations other than the Singaporean pilgrims. 
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Thee marked difference in W135 carriage rates is unlikely to be due to selection bias 

orr study methodology, as we used the same recruitment strategy, swabbing techniques and 

laboratoryy methods in both 2002 and 2001. Although the decrease in carriage in the year 

20022 could reflect spontaneous changes in the epidemiology of the outbreak, there are a 

numberr of public health interventions that may have played a role. Influenza vaccination 

wass given in the 2002 cohort but not in the 2001 cohort and respiratory symptoms are 

knownn to promote meningococcal transmission.22 However, this is unlikely to account for 

thee difference in carriage: frequency of upper respiratory symptoms were similar (or even 

moree frequent) in the pilgrims of 2002 compared to the pilgrims of 2001. It is possible 

thatt the more rigorous application of a longstanding policy of administering antibiotics to 

pilgrimss from Africa upon entry to Saudi Arabia,5 plus the recent extension of this policy to 

incomingg pilgrims from the Indian subcontinent23 may have played a role in decreasing the 

importationn of W135 to the pilgrim pool. In addition, there may have been more liberal 

usee of ciprofloxacin during the Hajj, as reflected by the fact that 9% of the pilgrims in our 

cohortt reported to have taken ciprofloxacin. 

However,, the main difference between the year 2002 and 2001 Hajj pilgrimage was 

thatt coverage with quadrivalent meningococcal polysaccharide vaccine was only partial 

inn 2001,9 whereas almost complete vaccine coverage for this pilgrimage can be assumed 

forr the year 2002 after this vaccine became a Hajj visa requirement for all pilgrims21 . 

Althoughh polysaccharide vaccine does not prevent acquisition of carriage,13 as confirmed 

inn our 2001 cohort,15 polysaccharide vaccines can induce transient reduction of carriage.24 

Inn addition, vaccines reduce the incidence of meningococcal disease and thus circulation 

off  meningococci. Almost complete vaccine coverage of close to 2 million pilgrims may 

havee therefore contributed to a decrease in the spread of carriage within this pilgrim 

population,, and consequendy reduced transmission of carriage from returning pilgrims to 

theirr contacts. 

Thee significant decrease of W135 meningococcal carriage and the absence of ST-11 

inn returning pilgrims from the Hajj 2002 is an important finding with regard to public 

healthh policy. Our documented low W135 carriage rate in Singaporean pilgrims in the 

yearr 2002 is indicative of a decreased potential for spread of meningococcal disease in 

closee contacts of returning pilgrims. On the basis of the high carriage rate in returning 

pilgrims,, together with the transmission to household contacts and observed secondary 

casess in the community in 200116,17 we suggested that administration of antibiotics to 

returningg pilgrims would be appropriate.15 Indeed, the Saudi Arabia authorities have 

implementedd such a policy for their returning Saudi pilgrims.23 However, it would appear 

thatt the epidemiology of carriage is changing or has been controlled by vaccination and a 

policyy of antibiotic administration to incoming pilgrims from high-risk countries. Thus, 
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thee administration of antibiotics to all returning pilgrims appears to be unnecessary at the 

presentt time. 

Ongoingg surveillance on carriage rates both in the resident population in Saudi Arabia 

ass well as in arriving and departing pilgrims are paramount for rapid readjustment of a 

policyy to administer antibiotics to eradicate carriage. 
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Abstract Abstract 

Ann international outbreak among pilgrims returning from the Hajj (pilgrimage to 
Mecca)) and their close contacts was caused by W135 ̂ meningitidis. In Singapore this 
strainn is a new emerging problem, clearly associated with this outbreak. We inves-
tigatedd the extent of transmission of N.meningitidis in Hajj pilgrims and their contacts, 
inn order to provide evidence for developing a rational public health policy. We found 
aa high acquisition rate of W135 N.meningitidis in Singaporean pilgrims during the 
Hajjj with substantial transmission to their household contacts. These findings would 
supportt a policy of eradication of pharyngeal carriage in returning pilgrims to prevent 
introductionn and dissemination of meningococci. 

INTRODUCTIO N N 

Annuallyy more than 2 million pilgrims from all over the world congregate for religious 

ritualss for about one month during the Hajj pilgrimage in Saudi Arabia. Overcrowding 

facilitatess rapid amplification and dissemination of meningococcal disease,1 and the Hajj 

pilgrimagee has been associated with outbreaks of meningococcal disease.1"4 In 2000 and 

2001,, an international outbreak occurred in association with the Hajj caused by N. men-

ingitidisingitidisW135W135 strain,58 a serogroup which previously had not been associated with major 

outbreaks.. Molecular typing of W135 isolates from this outbreak showed them to be of 

clonall  origin (ET 37 complex) and closely related to other meningococci such as serogroup 

CC with an established propensity to cause outbreaks.5 Following the Hajj 2000 and 2001, 
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theree were worldwide reports of cases of W135 disease in pilgrims, their household con-

tactss and the community at large.9"12 

Singaporee is an island state with a population of approximately 3.8 million people, of 

whomm 15% are Malay Moslems. Annually about 4,000 Singaporean Malay go for the Hajj 

pilgrimage.. Meningococcal disease due to W135 has not been described in Singapore before 

thee Hajj 2000.13 The attack rate and associated case fatality rate of W135 disease in returning 

pilgrimss and their household contacts in Singapore in 200014 was similar to that reported in 

thee UK915 and indicative of the hypervirulence of this clone. In response to the Wl 35 outbreak 

inn 2000, the Ministry of Health in Singapore immediately introduced the quadrivalent 

meningococcall  vaccine,16 andforthe Hajj 2001 alargemajorityofpilgrims received this vaccine. 

Polysaccharidee meningococcal vaccination does not prevent acquisition of menin-

gococall  carriage.17 As nasopharyngeal carriage is thought to be the primary source of 

transmissionn and rapid acquisition has been demonstrated in overcrowded conditions,18 

itt is highly likely that pilgrims may acquire W135 carriage during the pilgrimage. Con-

sequently,, returning pilgrims may be disseminating this clone to various countries across 

thee world thereby creating the potential for future outbreaks. 

Thiss paper reviews several studies conducted in Singapore in relation to the Hajj 

associatedd W l 35 clone and discusses the public health implication of its findings. 

Acquisitionn and persistence of W135 meningococcal carriage in Singa-
poreann pilgrim s and its public health implications19,20 

Inn a prospective study, tonsillopharyngeal swabs were taken from Singaporean Moslem 

pilgrimss before the Hajj and two weeks after their return from the Hajj:19 all pilgrims 

hadd received the quadrivalent vaccine. Serogrouping and pulsed field gel electrophoresis 

wass performed on meningococcal isolates to determine the predominant serogroup and 

relatednesss of the strains. The pre Hajj carriage rate was 0.5% (1/204) and the carriage rate 

inn returning pilgrims 17% (29/171). The majority of carriage in returning pilgrims was 

attributablee to a single W135 clone (90% of all carriage). 

Thesee findings confirm other reports that acquisition of meningococcal carriage is not 

preventedd by meningococcal polysaccharide vaccines.17 An effect of the vaccine on carriage 

cannott be ruled out because all were vaccinated. Given that quadrivalent vaccine is now 

aa Hajj visa requirement, it is unlikely that such a comparative study can be conducted.21 

However,, even if polysaccharide vaccines can temporarily reduce carriage,22 such an effect 

iss likely to be small, and certainly not sufficient to prevent carriage.21 

Thee high carriage rate is consistent with the rate of 14% found in pilgrims returning 

too the United States following the 1987 Hajj epidemic with serogroup A meningococci.23 

Itt is also in keeping with studies in other situations where large numbers of previously 
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unrelatedd individuals come into close social contact (e.g. university freshmen) in which 

dramaticc increases in carriage rate have been shown to occur within a week.18,24 

Epidemiologicall  factors contributing to the rapid dissemination of meningococci 

duringg the Hajj were not investigated in this study. This would certainly warrant further 

studies.. In American Moslem pilgrims, only 0.8% of 727 returning pilgrims were carriers 

off  W135,25 which is in stark contrast to the Singapore findings. However, the American 

findingss may not be applicable to pilgrims from developing countries. During the Hajj, 

pilgrimss from poorer countries often live in more overcrowded accommodations than those 

fromfrom more affluent regions, which may increase the risk of person to person transmission 

off  carriage.10 

Thee intense transmission of this virulent W135 clone amongst pilgrims for the year 

20011 Hajj highlights two problems: 

Firsdy,, there is an urgent need to protect Hajj pilgrims by vaccination covering W135. 

Ourr findings support the decision of the Ministry of Health Saudi Arabia to make the 

quadrivalentt vaccine a visa requirement for all Hajj pilgrims for the year 2002. In Singapore, 

thee attack rate of W135 meningococcal disease in pilgrims for the year 2000 was 25 per 

100,000.144 Following the introduction of the quadrivalent meningococcal vaccine for the 

yearr 2001 Hajj,16,26 no more cases of W135 disease in pilgrims were reported in 2002.14 

Secondly,, pilgrims present a sizeable reservoir of a virulent W135 clone with the 

potentiall  of epidemics in the pilgrims' countries of origin. 

Thirdly,, follow up tonsillopharyngeal swabs taken 5-6 months after the Hajj 2001 

off  an extended cohort of W135 carriers revealed that 55% still carried this clone.20 This 

highlightss the potential of sustained transmission of the Wl 35 clone into the community. 

Transmissionn of the W135 clone from returnin g Singaporean pilgrim s 
too their  household contacts and its public health implications19 

Thee extent of transmission of the W135 clone from returning pilgrims to their household 

contactss to estimate the risk of dissemination of this clone to the pilgrims' countries of 

originn was also investigated. Tonsillopharyngeal swabs were taken from 233 household 

contactss of the 171 returning pilgrims at two weeks after the Hajj. The results showed 

thatt 23% of the returning pilgrims carrying the W135 clone transmitted this clone to 

theirr household contacts; 13% of all household contacts of returning pilgrims carrying 

thee W135 clone acquired this clone. The substantial transmission to household contacts 

wass reflected by the high attack rate of W135 disease in the same year amongst contacts, 

andd was 28 per 100,00014 which was similar to the attack rate reported in pilgrims in the 

UK.99 The shift of burden of W135 disease from pilgrims to contacts was also observed in 

thee UK.9 Cases of W135 disease in contacts were also reported in other Moslem countries 
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inn Africa,10,11 and in Moslem communities in Europe.12,27 Due to lack of facilities in other 

developingg Moslem countries, it is highly likely that the true problem is underreported. 

Thee data obtained on transmission, together with knowledge of the number of 

Singaporeann pilgrims attending the 2001 Hajj (n=3963 according to the Singapore Islamic 

Organisation)) and the reported number of cases of Hajj associated invasive disease in 

contactss (n=3) in Singapore15 permit a crude estimate of the risk of invasive disease for a 

carrierr as approximately one in 70 new acquisitions of this W135 clone.14 This is consistent 

withh previous estimates that members of the ET-37 complex may cause invasive disease in 

onee in 20 to one in 400 acquisitions.28 Even small changes in the prevalence of hypervirulent 

strainss may have substantial effects on the rates of invasive disease in a population.28 The 

highh transmissibility and virulence of this W135 clone raise considerable concern about 

thee public health consequences of widespread dissemination of this organism and the 

potentiall  for future epidemics. 

Publicc health strategies therefore need to be implemented urgently. 

Basedd on the Singapore findings, vaccination of all household contacts would be 

justifiable.199 However, on a public health scale, this is expensive, and uptake may be low. 

Ann alternative approach would be to eradicate carriage by giving antibiotics: a single 

dosee of 500mg ciprofloxacin has been shown to eradicate nasopharyngeal carriage of 

meningococcii  in more than 90% of carriers with few side effects.29 Although antibiotic 

prophylaxiss could be offered indiscriminately to all contacts of Hajj pilgrims, this would 

alsoo be difficult to organise, would involve treating large numbers of individuals including 

children,, and the optimal timing for such prophylaxis is unknown. In addition, previous 

largee scale attempts to control outbreaks by mass antibiotic prophylaxis have shown littl e 

impactt on carriage of virulent outbreak strains.30 The most logical approach would be to 

eradicatee carriage by administering antibiotics to the pilgrims at the point of departure 

fromm Saudi Arabia, or return to their home countries. This is likely to be more feasible 

andd is justifiable on public health grounds. The Ministry of Health in Saudi Arabia issued 

suchh a recommendation through their overseas embassies in March 2001. However, at 

thatt time this was not supported by the CDC findings of low meningococcal carriage in 

Americann pilgrims.25 In addition, administering antibiotics to 2 million returning pilgrims 

raisess issues of safety, development of resistance, as well as costs. Therefore, for the Hajj 

20022 the Ministry of Health Saudi Arabia decided to restrict administration of antibiotics 

too their local Saudi Hajj pilgrims.31 Furthermore, following the implementation of the 

quadrivalentt meningococcal vaccine as visa requirement for the Hajj 2002, it is crucial to 

investigatee the impact of improved coverage with quadrivalent meningococcal vaccine of 

alll  pilgrims on carriage in pilgrims and incidence of disease in household contacts. 

Anotherr concern of great importance is the origin of W135. Although there is some 
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evidencee that W135 may have been introduced from Africa to Saudi Arabia,12,32,33 future 

studiess would need to identify the populations of incoming pilgrims who introduce this 

clonee to the pilgrimage in Saudi Arabia by determining the carriage rate and predominant 

serogroup.. Once identified, antibiotics could be administered to these populations in 

orderr to prevent the introduction and dissemination of the clone to the Hajj pilgrims and 

locall  Saudis.21 

Furthermore,, the stimulation of herd immunity by reducing carriage rates and 

acquisitionn of carriage of circulating virulent meningococcal clonal groups should be an 

importantt strategy.28 Future vaccine developments should therefore focus on conjugate 

quadrivalentt vaccines which may have a better impact on the reduction of carriage than the 

currentt polysaccharide quadrivalent vaccine.34 
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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. 

QUADRIVALEN TT MENINGOCOCCA L 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 MENINGOCOCCA L CARRIAG E (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. 

ATTAC KK  RATE OF W135 MENINGOCOCCA L DISEASE AND ESTIMATE D VIRULENC E 

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. 

W135W135 Meningococcal Disease Associated with the Hajj Pilgrimage 



Summary,Summary, Discussion, Public Health Implications & Outlook 

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. 

PUBLI CC HEALT H IMPLICATION S (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. 

TH EE HAJJ W135 OUTBREAK STRAIN - EMERGENCE OF A NEW STRAIN OR 

CLONA LL  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. 

OUTLOO K 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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CHAPTERR 13 ENGLISH SUMMARY 

Thee annual Islamic pilgrimage to Mecca and Medina in Saudi Arabia (Hajj pilgrimage) 

attractss approximately two million pilgrims from all over the world. Overcrowding dur-

ingg the one-month long religious rituals facilitates rapid dissemination of meningococci. 

Ann international outbreak of meningococcal disease occurred in association with the Hajj 

pilgrimagee in the years 2000 and 2001. This outbreak generated particular interest as it 

wass caused by a previously rare strain, serogroup W135 of the electrophoretic type 37. 

Thee public health concern is that this outbreak not only affected pilgrims, but also their 

householdd contacts and even the community at large, with a potential of a future non-Hajj 

relatedd Wl 35 epidemic. 

Thee aim of this work is to provide more information on the Hajj-associated emerging 

W1355 problem in order to develop an evidence-based rationale for public health inter-

ventionss with the primary aim to prevent another outbreak. 

Chapterr 1 provides a literature review on meningococcal disease, and Chapter 2 offers an 

introductionn to the Hajj pilgrimage and elaborates the conditions which may have contributed 

too the outbreak. In chapter 3 we summarise the main objectives of the studies presented here. 

Inn chapters 4 — 10 we present our studies in regard to W135 meningococcal disease 

inn association with the Hajj. 

Chapterr 4: The appropriate public health response to the W135 outbreak was the 

introductionn of the quadrivalent meningococcal vaccine which protects against serogroups 

A,, C, Y and W135. Crossovervaccination for Hajj pilgrims who had already received the 

bivalentt vaccine (A &C) before the quadrivalent vaccine became available was indicated in 

vieww of the emerging W135 problem. We have shown that this is safe in terms of adverse 

effectt profile. This is an important finding not only for pilgrims but also for general 

travelerss to areas now endemic for W135 disease who wil l need revaccination with the 

quadrivalentt vaccine if they had previously only received the bivalent vaccine. 

Meningococcall  carriers are the primary source of N. meningituiistTansmissiori. Chapters 

5-66 examine W135 meningococcal carriage in relation to the Hajj pilgrimage in the year 
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2001.. We documented a high acquisition and persistence rate of W135 meningococcal 

carriagee in Hajj pilgrims in the year 2001, although all of them were vaccinated with 

quadrivalentt meningococcal vaccine. Therefore, returning pilgrims represent a sizeable 

andd sustained reservoir of N. meningitidis W135. This was associated with substantial 

earlyy transmission of W135 from returning pilgrims to their household contacts, putting 

contactss at particular risk of developing invasive disease. The reason for the absence of late 

transmissionn is a new observation which warrants further investigation. 

Thee public health concern of our findings of early transmission of W135 to contacts 

wass underscored with our findings of a high incidence of W135 disease within the first two 

monthss after the Hajj (Chapter 7): the attack rate of W135 disease in household contacts 

off  returning pilgrims was 18 per 100,000 and 28 per 100,000 for the years 2000 and 2001 

respectively.. Based on transmission rates of W135 carriage and national epidemiological 

data,, the risk of an unvaccinated household contact (who had acquired W135 carriage) 

developingg invasive meningococcal disease was estimated to be 1: 70. Public health policies 

too protect household contacts of Hajj returnees need to be implemented. Our findings 

supportt a policy of administering antibiotics to pilgrims prior to their return to their 

countriess of origin to eradicate carriage and thereby protect household contacts. 

Chapterr 8 is a Case Report on the first imported case ofWl 35 disease in a general traveler 

fromm Africa without any known association with the Hajj. This highlights that the emerging 

problemm of W135 disease is not confined to the Hajj, and vaccination policies for general 

travelerss to areas with endemic or epidemic meningococcal disease need to be readjusted. 

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

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

respiratoryy symptoms and shorter duration of this pilgrimage (Chapter 9). 

Inn Chapter 10 we reexamined the issue of acquisition of meningococcal carriage in 

Hajjj  pilgrims after quadrivalent meningococcal vaccine became a Hajj visa requirement. 

Wee documented an absence of W135 of the electrophoretic type 37 which was paralleled 

byy an absence of cases of W135 following this Hajj. It would appear that the epidemiology 

off  carriage is changing or has been controlled by vaccination and a policy of antibiotic 

administrationn to incoming pilgrims from high-risk countries. Antibiotic chemoprophylaxis 

forr returning pilgrims to eradicate carriage is therefore not indicated at present. 

Inn the subsequent Section IV, we summarize the results associated with the year 

20011 Hajj (Chapter 11) and present the controversies in the public health response to 

thesee findings (Chapter 12). Chapter 13 portrays an overview discussion of all the data 

presented,, with its public health implications, followed by a discussion of the emerging 

W1355 problem and we close with an outlook on the major W135 epidemic which has 

sweptt the Greater Lake Area in Africa since the beginning of 2002. 
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CHAPTERR 14 DUTCH SUMMARY (SAMENVATTING) 

Jaarlijkss gaan ongeveer twee miljoen pelgrims uit de hele wereld op pelgrimstocht naar 

Mekkaa en Medina in Saoedi-Arabië (de bedevaart naar Mekka, de "Hajj"). Gedurende een 

maandd leven zij dicht op elkaar tijdens de religieuze rituelen, waardoor snelle verspreiding 

vann meningokokken wordt bevorderd. Een internationale epidemie van hersenvliesontstek-

ingg vond plaats in samenhang met de bedevaart naar Mekka in de jaren 2000 en 2001. 

Dezee epidemie trok in het bijzonder de aandacht omdat deze werd veroorzaakt door een 

tott op dat moment zeldzame stam, meningokokken serogroep W135 van het electroforese 

typee 37. Deze epidemie is van belang voor de volksgezondheid, omdat zij niet alleen de 

pelgrimss betrof, maar ook hun huisgenoten. Potentieel kan de gehele maatschappij worden 

getroffenn waardoor het perspectief opdoemt van een toekomstige W135 epidemie, die 

nietss met de bedevaart naar Mekka te maken heeft. 

Hett doel van dit proefschrift is meer informatie te verschaffen over het met de 

bedevaartt samenhangende probleem van meningitis veroorzaakt door de W135 serogroep. 

Hett onderzoek beoogt een feitelijke basis te verschaffen voor gezondheidsinterventies, met 

alss voornaamste doel volgende epidemieën te voorkomen. 

Hoofdstukk 1 geeft een literatuuroverzicht over infectie en ziekten door meningokokken. 

Inn hoofdstuk 2 wordt een inleiding gegeven over de bedevaart naar Mekka en over de 

omstandighedenn die kunnen hebben bijgedragen aan de epidemie. In hoofdstuk 3 vat ik 

dee belangrijkste doeleinden samen van de hier beschreven onderzoeken. 

Inn de hoofdstukken 4 - 10 presenteer ik de uitgevoerde onderzoeken met betrekking 

tott hersenvliesontsteking door meningokokken W135, in samenhang met de bedevaart 

naarr Mekka. 

Hoofdstukk 4: De juiste reactie op de epidemie van W135 was de introduktie van het 

quadrivalentee meningokokkenvaccin dat bescherming biedt tegen de serogroepen A,C,Y 

enn W135. Revaccinatie van bedevaartgangers die eerder het bestaande bivalente vaccin 

(AA & C) hadden ontvangen voordat het quadrivalente vaccin beschikbaar kwam, was 

wenselijkk met het oog op het toenemende W135 probleem. We hebben aangetoond dat 
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dezee revaccinatie geen nadelig effect heeft. Dit is een belangrijke bevinding, niet alleen voor 

pelgrimss maar ook voor andere reizigers naar gebieden waar W135 meningitis voorkomt. 

Immers,, zij hebben revaccinatie nodig met het quadrivalente vaccin, indien zij voorheen 

alleenn het bivalente vaccin ontvingen. 

Dragerss van meningokokken zijn de belangrijkste bron van besmetting met N. 

meningitidis.meningitidis. In de hoofdstukken 5 en 6 wordt onderzoek naar dragerschap met menin-

gokokkenn bij Mekka gangers in het jaar 2001 beschreven. Wij toonden onder de 

pelgrimss in 2001 een hoge en langdurige besmettingsgraad aan met meningokokken 

serogroepp W135 ofschoon zij allen met quadrivalent meningokokkenvaccin ingeënt 

waren.. Terugkerende pelgrims vertegenwoordigen daarom een vrij grote en aanhoudende 

bronn van N. meningitidis W135. Dit ging samen met vroege besmetting met W135 

vann huisgenoten van de teruggekeerde pelgrims, die dus een bijzonder risico lopen om 

meningitiss te ontwikkelen. De afwezigheid van besmetting na langere tijd is een nieuwe 

waarnemingg die vraagt om verder onderzoek. 

Hett belang voor de volksgezondheid van onze bevindingen over de vroege overdracht 

vann Wl 35 werd bevestigd doordat Wl 35 meningitis vooral bleek voor te komen binnen de 

eerstee twee maanden na terugkeer uit Mekka.(Hoofdstuk 7). De kans op W135 meningitis 

inn contacten binnen het gezin van teruggekeerde pelgrims was 18 per 100.000 in het jaar 

20000 en 28 per 100.000 in 2001. Gebaseerd op de kans op overdracht van W135 en 

nationalee epidemiologische cijfers, wordt de kans op hersenvliesontsteking van een niet 

gevaccineerdd persoon die in het gezin is besmet met W135, geschat op 1 : 70. Het is in het 

belangg van de volksgezondheid dat maatregelen worden genomen om de huishoudens van 

dee terugkerende Mekkagangers te beschermen. Dit onderzoek ondersteunt het beleid om 

dee pelgrims antibiotica te geven voordat zij naar hun land van herkomst terug reizen om zo 

dee besmetting uit te roeien en daardoor hun gezinnen te beschermen. 

Hoofdstukk 8 is een beschrijving van een eerste geval van geïmporteerde W135 

meningitiss in een reiziger uit Afrika, zonder enige bekende samenhang met de bedevaart 

naarr Mekka. 

Ditmaaktduidelijkdathettoenemendeprobleemm van Wl 35 meningitis niet beperkt blij ft 

tott bedevaartgangers naar Mekka en dat inentingsadviezen voor reizigers in het algemeen naar 

gebiedenn met endemische of epidemische hersenvliesontsteking moeten worden bijgesteld. 

Onderr pelgrims die in 2001 enkele maanden na de "Hajj" terugkeerden van de Umra, 

dee "kleine" bedevaart, (hoofdstuk 2) vonden wij geen dragers van de meningokok W135. 

Di tt is waarschijnlijk het gevolg van minder drukte, minder personen met respiratoire 

symptomenn en een kortere duur van de pelgrimstocht, (hoofdstuk 9) 

Inn Hoofdstuk 10 onderzochten wij opnieuw de kwestie van het besmet raken van Mekka 

bedevaartgangerss met meningokokken, nadat de quadrivalente meningokokkenvaccinatie 
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eenn voorwaarde was gemaakt voor hen om een visum te verkrijgen. Wij documenteerden 

dee afwezigheid van meningokokken van serogroep W135, electroforese type 37 bij de 

pelgrims,, evenals de afwezigheid van meningitisgevallen toe te schrijven aan serogroep 

W1355 na deze bedevaart. De kans op besmetting lijk t sterk te zijn afgenomen door 

vaccinatiee en het beleid om in Saoedi Arabië antibiotica toe te dienen aan pelgrims 

komendee uit risicolanden. Antibiotische profylaxe voor terugkerende bedevaartgangers, 

mett het doel besmetting uit te roeien, is in de huidige situatie niet geindiceerd. 

Inn de daarop volgende sectie IV, vat ik de belangrijkste uitkomsten samen van 

onderzoekk met betrekking tot de bedevaart naar Mekka in het jaar 2001 (hoofdstuk 11). 

Hoofdstukk 12 geeft een algemene beschouwing over het onderzoek in dit proefschrift 

enn de consequenties voor het volksgezondheidsbeleid. Dit wordt gevolgd door een discussie 

overr het toenemende W135 probleem in het algemeen en in het bijzonder van de grote 

W1355 epidemie, die het gebied van de Grote Meren in Afrika sinds begin 2002 teistert. 
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"Neisseria"Neisseria meningitidis are gramnegative 
diplococci,, surrounded by a polysaccharide 
capsule,, and they like to feast on chocolate 
agar..." " 
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