Neisseria meningitidis Serogroup W-135 Carriage
among US Travelers to the 2001 Hajj
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In 2000, a large international outbreak of meningococcal disease caused by Neisseria meningitidis serogroup
W-135 was identified among pilgrims returning from the Hajj in Saudi Arabia. To assess ongoing risk, we
evaluated N. meningitidis carriage among US travelers to the 2001 Hajj. Of 25 N. meningitidis isolates obtained,
15 (60%) were nongroupable and 8 (32%) were serogroup W-135 when tested by standard slide-agglutination
techniques. Two additional nongroupable isolates were characterized as serogroup W-135 when tested by poly-
merase chain reaction. Nine of 10 serogroup W-135 isolates were indistinguishable from the Hajj-2000 clone.
None of the departing, but 9 (1.3%) of the returning, pilgrims carried serogroup W-135 (P = .01); all carriers

reported previous vaccination. Carriage of N. meningitidis serogroup W-135 increased significantly in pilgrims

returning from the Hajj. Although the risk of disease to pilgrims appears to be low, the risk of spread to

others of this pathogenic strain remains a concern.

Neisseria meningitidis is a major cause of meningitis
worldwide; even with prompt antibiotic therapy, the case
fatality rate is 10%—-15%. Among survivors, 12%—19%
have long-term neurologic sequelae, including hearing
loss, loss of limbs, and cognitive deficit [1]. Meningo-
cocci are spread from person to person through direct
contact with oropharyngeal secretions, and asymptom-
atic meningococcal carriers are the primary source of
N. meningitidis transmission. The baseline carriage rate
in the United States is estimated to be 5%-10%, and
carriage rates are higher among adolescents and young
adults [2, 3]. Fewer than 1% of individuals who acquire
carriage go on to develop meningococcal disease. The
balance between carriage of the organism and the de-
velopment of disease after acquisition is affected by a
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combination of host and environmental factors and N.
meningitidis characteristics.

In 1987, a large epidemic of serogroup A menin-
gococcal disease occurred among pilgrims to the Hajj,
a large annual gathering of Muslims in Medina and
Mecca, Saudi Arabia. Cases in secondary contacts of
returning pilgrims were also reported in many countries
[4]. At that time, a study by Centers for Disease Control
and Prevention (CDC) researchers of passengers re-
turning from Saudi Arabia to JFK International Airport
in New York City showed that pilgrims were signifi-
cantly more likely to be carriers of serogroup A me-
ningococcus than were nonpilgrims [5]. Primarily on
the basis of these data, the CDC began recommending
vaccination against meningococcal disease for all trav-
elers to the Hajj. The following year, Saudi Arabia began
a policy of requiring that all Hajj visitors produce a
certificate of vaccination against meningococcal disease
before entry. Most countries administered a bivalent
vaccine that contained polysaccharides of serogroups A
and C; in the United States, the licensed meningococcal
vaccine contains polysaccharides of serogroups A, C, Y,
and W-135. Importantly, although the vaccine is pro-
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tective (=85%) for older children and adults, it does not re-
liably prevent pharyngeal carriage [6].

In March 2000, along with an outbreak of serogroup A me-
ningococcal disease, the first reported large outbreak of sero-
group W-135 meningococcal disease occurred in Saudi Ara-
bia in association with the Hajj pilgrimage. Subsequently, >400
laboratory-confirmed cases of meningococcal disease caused by
N. meningitidis serogroup W-135 were identified worldwide,
including 5 cases in the United States [7]. Among the 5 Hajj-
associated cases of serogroup W-135 infection in the United
States in 2000, 2 were in vaccinated pilgrims and 2 were in
close contacts of vaccinated pilgrims.

Because serogroup W-135 is an infrequent causative agent
of meningococcal disease [8], limited information was available
on its epidemiology; therefore, there was limited guidance as
to the appropriate public health response. In February and early
March of 2001, to further investigate the transmission of N.
meningitidis among Hajj pilgrims, to assist in making recom-
mendations to prevent additional cases, and to better under-
stand the molecular epidemiology of meningococcal carriage,
we studied oropharyngeal carriage among travelers going to
and returning from the Hajj.

SUBJECTS, MATERIALS, AND METHODS

Approximately 9000 US pilgrims attended the Hajj in Saudi
Arabia in 2001. The last arrival date permitted for international
flights to Jeddah was 27 February, and the official dates of the
Hajj were 3—7 March. The study population included cohorts
of Hajj pilgrims departing between 17 and 25 February 2001
on flights leaving from JFK International Airport in New York
City to Jeddah, Saudi Arabia. Flights transporting large groups
of pilgrims were identified through contact with travel agents,
tour-group operators, and airlines. CDC workers approached
potential study participants, and documents were provided in
either English or Arabic, according to individual preference.
After giving informed consent, all adult (=18 years old) pil-
grims were asked to answer a brief set of questions and to
provide a swab sample from the oropharynx for culture. The
outbound passenger questionnaire included identifiers (name
and birth date) and return flight information so that, on their
return, the repeat-culture results could be compared. Informed
consent was obtained from all participants, and the human-
experimentation guidelines of the US Department of Health
and Human Services and/or those of the authors’ institution(s)
were followed.

Approximately 3 weeks later (9—15 March), all passengers
(pilgrims and nonpilgrims) disembarking from flights inbound
to JFK International Airport directly from Jeddah, Saudi Arabia,
were approached for study enrollment. After giving informed
consent, all adult (=18 years old) passengers were asked to
answer a brief set of questions and to provide a swab sample

from the oropharynx for culture. On the inbound passenger
questionnaire, the following information was collected: demo-
graphics, seat number, recent travel, recent antibiotic use, me-
ningococcal vaccination history, and potential risk factors for
meningococcal carriage. Contact information was also solicited,
so that passengers could be informed of positive culture results.

Each study participant on inbound flights was given a packet
that contained an information sheet and a 500-mg tablet of
ciprofloxacin. If there were no contraindications, participants
were advised that they might take the antibiotic immediately
or wait for their culture results. All inbound passengers whose
oropharyngeal cultures yielded N. meningitidis were contacted
by telephone and advised of the results. All passengers were
advised that they could find their results on a CDC Web site,
listed with a unique identifier identical to one printed on each
information sheet. Antimicrobial chemoprophylaxis was not
offered to outbound travelers, because of the low risk of disease
in this vaccinated population.

Definitions

Vaccinated persons were defined as those who reported me-
ningococcal vaccination <5 years before their arrival date in
Saudi Arabia. Because it can take 7-10 days to mount an ef-
fective immune response and protection lasts up to 5 years,
“protected” persons were defined as those who reported me-
ningococcal vaccination >10 days and <5 years before their
arrival date in Saudi Arabia. Those inbound passengers an-
swering yes to the question, “Are you returning after perform-
ing the Hajj?” were defined as pilgrims; those answering no to
the same question were defined as nonpilgrims.

A carrier was defined as a person with any N. meningitidis
isolated from an oropharyngeal swab as identified by standard
microbiological procedures [9]. An isolate that is nongroupable
by standard slide agglutination (SASG) may possess capsule-
specific genes that are amplified by serogroup-specific poly-
merase chain reaction (PCR). Therefore, for purposes of the
analysis, an N. meningitidis serogroup W-135 carrier was de-
fined as a person with N. meningitidis isolated from an oro-
pharyngeal swab and identified as serogroup W-135 by SASG
and/or serogroup-specific PCR.

Laboratory Methods

Collection of clinical specimens. Swabs were collected from
the high posterior oropharyngeal wall by trained health pro-
fessionals, and samples were plated directly onto a selective
medium, BBL-modified Thayer-Martin medium (MTM II; Bec-
ton Dickinson Microbiology Systems). Plates were maintained
in CO,-enriched, sealed containers. Within 2—4 h, the contain-
ers were transported to an incubator at the New York City
Public Health Department Laboratory, where they were incu-
bated overnight at 35°C in 5% CO,.
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Identification of N. meningitidis serogroups. Plates were
examined for the presence of colonies showing the typical mor-
phology of N. meningitidis. Suspect colonies were screened for
oxidase reactivity, and positive samples were gram stained. If
gram-negative diplococci were present, a sample of the growth
was transferred to a BBL sheep-blood agar plate (TSA II 5%
SB; Becton Dickinson Microbiology Systems) and, after over-
night incubation, serogrouped by SASG [9]. Cultures were sub-
sequently transported to Atlanta and confirmed at the CDC by
use of SASG and molecular techniques.

All presumptive Neisseria isolates were confirmed as N. men-
ingitidis by a real-time PCR assay targeting the ctrA gene, which
encodes a capsule transport protein [10]. All ctrA-positive sam-
ples were further tested for possession of a serogroup-specific
capsule polymerase gene by use of 5 separate real-time PCR
assays for serogroup A, B, C, W-135, or Y [11]. Isolates that
did not give positive results in any of the serogroup-specific
assays were characterized as nongroupable for the purposes of
the study. All subsequent analysis was performed by use of
serogrouping as defined by serogroup-specific PCR results.

Additional genotypic and phenotypic characterization. Me-
ningococcal strains were characterized by use of pulsed-field
gel electrophoresis (PFGE) [12] and sequencing of the 16S
rRNA genes [13]. All 16S rRNA gene sequences have been
deposited in GenBank. The N. meningitidis serogroup W-135
strains were additionally characterized by PorA variable-region
(VR) typing, as described elsewhere [14].

The isolates initially identified as nongroupable by SASG but
subsequently shown by PCR to possess serogroup W-135 capsule
genes were further studied by use of primers internal to each
gene coding for capsule biosynthesis (syn) and capsule transport
(ctr) proteins, and the PCR products were sequenced [15]. To
further assess phenotypic characteristics, the isolates were tested
in a serum bactericidal assay by incubation in 10% normal hu-
man serum for 30 min by methods described elsewhere [16].

Statistical Methods

Univariate analysis was performed in Epilnfo 6.04b (CDC, At-
lanta, GA) and SAS 8.1 for Windows (SAS) software, by use
of Fisher’s exact test with Mantel-Hansel odds ratios to assess
the associations of individual variables with carriage of N. men-
ingitidis and with carriage of N. meningitidis serogroup W-135,
as defined by serogroup-specific PCR. A matched analysis was
performed of the carriage status of pilgrims enrolled in both
the outbound and inbound portions of the study. Because many
enrolled outbound pilgrims were not encountered on the in-
bound enrollment flights, a separate unmatched analysis of
carriage status was performed to evaluate outbound, compared
with inbound, passengers.

RESULTS

Descriptive Epidemiology

Outbound passengers. Participants were recruited among pas-
sengers departing on 7 consecutive direct flights from JFK In-
ternational Airport to Jeddah, Saudi Arabia, 17-25 February
2001. A questionnaire and corresponding swab were available
for 452 outbound passengers. The median age was 50 years
(range, 21-86 years); 63% were men. All outbound study par-
ticipants carried Hajj visas and were pilgrims. Of the 443 who
answered the question, 15% had received an antibiotic during
the preceding 2 weeks. Meningococcal vaccination was reported
by 98.9% of pilgrims, and 92.5% were protected at their time of
anticipated arrival in Saudi Arabia, on the basis of the timing of
vaccination.

Inbound passengers. Participants were recruited among
~1400 inbound passengers on 5 direct flights to JFK Interna-
tional Airport from Jeddah, Saudi Arabia, 9-15 March 2001.
A questionnaire and corresponding swab were available for 844
inbound passengers. Of those who answered the questions, 61.5%
were men and 86.2% were pilgrims. The median age was higher
among pilgrims than nonpilgrims (47.0 vs. 35.0 years; P<
.0001, Wilcoxon test). Antibiotic use during the preceding 2
weeks was reported by 44.8% of subjects. There were 215 pil-
grims among the 844 inbound passengers who were also en-
rolled during the outbound portion of the study.

Vaccination coverage was higher among pilgrims than non-
pilgrims (97.5% vs. 71.0%; P<.0001). Similarly, on the basis
of vaccination history, more pilgrims than nonpilgrims were
protected on their arrival in Saudi Arabia (81.9% vs. 60.2%;
P<.0001).

Carriage Rates

Unmatched analysis. Of the 452 oropharyngeal cultures ob-
tained from outbound passengers (pilgrims only), 4 cultures
tested positive for N. meningitidis (0.9%); of these, 2 were se-
rogroup Y and 2 were serogroup B according to the results of
serogroup-specific PCR (figure 1). No N. meningitidis sero-
group W-135 isolates were identified. Of the 844 oropharyngeal
cultures obtained from inbound passengers (pilgrims and non-
pilgrims), 21 cultures tested positive for N. meningitidis (2.6%);
of these, 10 were serogroup W-135, 5 were nongroupable, 4
were serogroup B, and 1 was serogroup Y (figure 1). One isolate
that was not groupable by SASG was not viable after transport.
Four isolates of Neisseria lactamica were also recovered from
inbound passengers.

Matched analysis. Of the 215 pilgrims who provided or-
opharyngeal cultures during both phases of the study, 1 who
had N. meningitidis serogroup B isolated during the outbound
phase was again colonized with N. meningitidis serogroup B 22
days later, during the inbound phase. This strain was not further
molecularly characterized. Four other pilgrims who had neg-
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Saudi 237 Lost to follow-up
Arabia OP swab
3 (1.3%) positive

— PCR SASG

NG 0 2
452 Outbound MenB 1 1

| passengersenrolled | Meny 2 0
\\ (all pilgrims) /
215 Follow-up
OP swab

1 (0.5%) positive

PCR SASG
NG 0 1
MenB 1 0

112 Non-pilgrim
OP swab
3 (2.7%) positive

PCR SASG
NG 0 2
MenB 1 0
MenY 1 0
MenW 1 1

Figure 1.

Saudi
Arabia 629 New inbound
tj)kU.S passengers enrolled
— T
844 Inbound

passengers enrolled
(pilgrims/non-pilgrims)

701 Pilgrims
OP Swab

18 (2.6%) positive

31 Unknown pilgrim status

OP swab PCR SASG
0 (0%) positive NG 5 10*
MenB 3 1
MenW 9 7

Schematic of the methods and results of the present study. Oropharyngeal cultures were obtained from 452 outbound passengers (all

pilgrims) leaving JFK International Airport in New York City en route to Jeddah, Saudi Arabia, for the Hajj. Two hundred fifteen of these pilgrims
provided second samples on their return, along with 629 additional enrollees (pilgrims and nonpilgrims). MenB/Y/W, serogroup B/Y/W-135; NG, not
groupable; OP, oropharyngeal; PCR, polymerase chain reaction; SASG, serogroup by standard slide agglutination. *One isolate was not viable for

molecular studies.

ative cultures on the outbound phase had N. meningitidis (2
nongroupable, 1 serogroup B, and 1 serogroup W-135) isolated
during the inbound phase.

Molecular subtyping. Of the 14 available isolates (from in-
bound or outbound passengers) identified as nongroupable by
SASG (figure 1), 2 were identified as N. meningitidis serogroup
W-135 by serogroup-specific PCR (table 1). These 2 isolates
and the 8 N. meningitidis serogroup W-135 isolates identified
by SASG were additionally characterized by PFGE, PorA VR
typing, and sequencing of the 16S rRNA genes. Of these 10
isolates, 8 had identical molecular markers that were charac-
teristic of the W(ET)-37 clone, which had previously been iden-
tified to be the cause of the N. meningitidis serogroup W-135
outbreaks associated with the Hajj in 2000—PFGE type 40,
PorA VR type 5,2, and 16S type 31 (table 1) [7]. A single isolate
(M7890) differed from these 8 by only 1 bp (16S type 54).
Molecular markers of the remaining N. meningitidis serogroup
W-135 isolate (M7888) were very different from those seen in
the other 9 isolates.

Analysis of isolates with discordant results as determined
by SASG and serogroup-specific PCR. The 2 N. meningitidis

serogroup W-135 isolates from inbound passengers identified
as nongroupable by SASG were additionally studied by PCR
for the presence and characteristics of genes coding for syn and
ctr operons [15]. The first isolate (M7904) yielded the expected
PCR products for all syn and ctr genes studied, including the
serogroup Y or W-135 polymerase gene (the primers used did
not distinguish between these 2 serogroups). The second isolate
(M7888) yvielded the expected PCR products for all genes except
synA, where the product was ~800 bp larger than expected. Nu-
cleotide-sequence analysis revealed an IS1301 insertion [15] in
the gene. In a bactericidal assay that used exposure to 10% normal
human serum for 30 min, isolate M7904 survived at rates com-
parable to an encapsulated control strain, whereas isolate M7888
was rapidly and completely killed. Colony immunoblots per-
formed with W-135- and Y-specific monoclonal antibodies to
serogroups W-135 and Y (supplied by W. Zollinger, Walter Reed
Army Institute of Research, Washington, DC) showed that isolate
M7904, but not isolate M7888, expressed the W-135 capsule.
Isolate M7888 did not express capsule because of an 1S1301

insertion in synA.
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Table 1. Phenotypic and molecular characterization of
Neisseria meningitidis serogroup W-135 strains from in-
bound passengers.

Serogroup- 16S PFGE  PorA

Strain SASG specific PCR type pattern VR type
WI(ET)-37 clone W135 W135 31 40 5,2
M7890 W135  W135 54° 40 5,2
M7854 W135 W135 31 40 5,2
M7857 W135 W135 31 40 5,2
M7901 W135 W135 31 40 5,2
M7903 W135 W135 31 40 5,2
M7895 W135 W135 31 40 5,2
M7900 W135 W135 31 40 5,2
M7887° W135 W135 31 40 5,2
M7904° NG W135 31 40 5,2
M7888 NG W135 6 78 18-1,3

NOTE. NG, nongroupable; PFGE, pulsed-field gel electrophore-
sis; PorA VR, PorA variable region; SASG, serogroup by standard slide
agglutination.

@ 16S type 54 differs by 1 bp from 16S type 31.
® Husband-wife pair.

Risk Factors for Carriage

The results of univariate analysis revealed no difference in over-
all rates of carriage by age or sex (data not shown). Among
inbound passengers, vaccination status, protection status, smok-
ing, previous upper respiratory-tract infection, antibiotic use,
and the presence of chronic medical conditions were not as-
sociated with either overall carriage (table 2) or serogroup W-
135 N. meningitidis carriage (data not shown). Among inbound
pilgrims, there was no association of carriage (overall or se-
rogroup W-135) with crowding at the Hajj (number of persons
per hotel room in transit or number of persons per tent during
other stages of the Hajj).

Inbound pilgrims were more likely to be carriers of N. men-
ingitidis than were outbound pilgrims (2.6% vs. 0.9%; P =
.03). None of the outbound, but 9 (1.3%) of the inbound,
pilgrims were carriers of N. meningitidis serogroup W-135
(P = .01, Fisher’s 2-tailed exact test). Of the 9 inbound pilgrims
who were carriers of N. meningitidis serogroup W-135, an or-
opharyngeal culture had been obtained from 1 at the time of
departure 12 days earlier; no N. meningitidis was isolated at
that time. Among inbound passengers, the prevalence of car-
riage of N. meningitidis serogroup W-135 was not significantly
different between pilgrims (9/701 [1.3%]) and nonpilgrims (1/
112 [0.9%]).

DISCUSSION

In comparison to pilgrims traveling to the Hajj from the United
States in 2001, returning pilgrims had an increased overall rate
of carriage of N. meningitidis, a substantial portion of which
was serogroup W-135. The carriage rate of pathogenic N. men-
ingitidis was low, but the present findings do suggest that there

was ongoing transmission of N. meningitidis serogroup W-135
in Saudi Arabia during the period of the Hajj in 2001. From
9 February to 22 March 2001, Saudi Arabian health officials
reported that there were >109 cases of meningococcal menin-
gitis, including 35 deaths; of these, >50% were due to N. men-
ingitidis serogroup W-135 [17]. This was consistent with reports
from other countries of invasive serogroup W-135 meningo-
coccal disease in 2001 Hajj pilgrims and their close contacts,
including the European Union [18], Africa [17], and Mauritius
[19]. A high rate of carriage (15% of 171 pilgrims) of a single
clone of N. meningitidis serogroup W-135 were also identified
in pilgrims returning to Singapore, with evidence of spread to
household contacts [20]. Finally, a study among Saudi Arabian
residents 1 week before the 2001 Hajj found a 4.7% carriage
rate of N. meningitidis, 40% of which were serogroup W-135
[21], similar to the rate that we found among nonpilgrims
(2.7% overall, 33% of which were serogroup W-135) and
among returning pilgrims (2.6% overall, 50% of which were
serogroup W-135) arriving from Saudi Arabia. It is possible
that, even during the brief period of exposure during the Hajj,
the intensity of close contact with other pilgrims and with the
local population caused pilgrims to acquire a carriage profile
similar to the endemic carriage profile. Although the numbers
of positive cultures in our study do not permit a meaningful
comparison, “routine” visits to an endemic area (for business
or tourism) without the accompanying intense crowding pres-
ent during the Hajj might not permit such high efficiency of
transmission. The clonal spread of this strain among US resi-
dents has not been apparent—rates of serogroup W-135 me-
ningococcal disease remain extremely low [22]; similarly, no
reported outbreaks in other developed nations have occurred.

The overall carriage rate of N. meningitidis (<3%) in our study

Table 2. Risk factors for oropharyngeal carriage of Neisseria
meningitidis among inbound passengers from Jeddah, Saudi Ara-
bia, 9-15 March 2001.

N. meningitidis
carriage rate (%)

Carrier Noncarrier

Risk factor (n = 229 (n = 822%) P

Vaccinated 18 (85.7) 721 (94.4) 12
Protected” 16 (76.2) 580 (79.7) 78
Smoked cigarettes 2 (9.1) 58 (7.5) .68
Exposed to cigarette smoke 6 (30.0) 168 (23.8) .59
Sore throat 12 (54.6) 436 (56.4) .83
Fever 5 (23.8) 174 (24.0) 1.00
Cough 11 (50.0) 489 (62.1) 19
Used any antibiotic 7 (33.3) 372 (49.1) 19
Pilgrim 19 (86.4) 682 (86.2) 1.00
Any medical condition 0 (0) 21 (3.2) .06

@ Denominators vary because of missing information.
® Vaccination >10 days and <5 years before arrival in Saudi Arabia.
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was low relative to previous reports, which were 5%-10% and
higher [3]. Standardized sampling was performed, and the rate
likely reflects an accurate assessment, given the techniques that
we used. Several possibilities may account for the low carriage
rate, including the frequent use of antibiotics (~45%) during
travel, infrequent cigarette use, older participant age (median
age, 45 years), the higher socioeconomic status of US pilgrims,
and the clustering of transmission among groups traveling to-
gether. The latter 2 factors may explain, in part, the discrepancy
between the carriage rates among pilgrims found in our study
and those in the Singapore study [20]. Antibiotic use was variable
in duration and in type, including the frequent use of G-lactam
antibiotics, which are not expected to affect carriage.

Despite low rates of carriage, transmission from and disease
in returning pilgrims were still possible. In the United States,
during the months after the 2001 Hajj, a case of serogroup W-
135 meningococcal disease was identified through passive sur-
veillance in a vaccinated 61-year-old Brooklyn, NY, resident
who presented, 8 days after returning from Saudi Arabia, with
meningococcemia and survived. An oropharyngeal culture had
been obtained from this pilgrim on departure (no growth) but
not on return from the Hajj. This isolate was also indistin-
guishable from the W(ET)-37 clone from the 2000 Hajj by all
molecular methods used in the present study (data not shown).

A unique epidemiologic link between 2 carriers emphasizes
the limitations of SASG for assessing the extent of spread of
an invasive clone and the importance of meningococcal phase
variation. An N. meningitidis serogroup W-135 isolate (M7887)
was recovered from the oropharynx of an elderly male pilgrim.
His wife was also an N. meningitidis carrier, but her isolate was
not groupable by SASG (M7904). When they were further eval-
uated, the strains were found to be identical by PFGE, sero-
typing, serosubtyping, and 16S rRNA sequencing. Phenotypic
testing was performed by use of the serum bactericidal assay,
and the wife’s isolate showed survival similar to that of an
encapsulated control strain, which suggests the presence of a
capsule. This isolate was reevaluated by SASG and was again
not groupable, which suggests that a phenotypic change had
not occurred during culture passage. Molecular studies found
that this isolate contained a wild-type syn and ctr operon that
included the synG gene (encoding the serogroup W-135-spe-
cific polymerase). Phase variation modifying the qualitative or
quantitative characteristics but not eliminating capsule pro-
duction at a site outside of synG was predicted for this isolate.
A recent study of nongroupable N. meningitidis isolates from
a meningococcal carriage study in Georgia characterized several
classes of distinct genetic alteration types. The majority of non-
groupable strains were genetically related or identical to the
groupable strains recovered from the same population [15].
The unique epidemiologic link in the husband-wife pilgrim pair
in our study suggests that the isolates were identical except for

capsule expression. High-frequency phase variation in the ex-
pression of virulence factors that included the capsule has been
recognized in N. meningitidis both in vitro and in vivo [15].

The pathophysiology of meningococcal colonization and dis-
ease involves steps that include (1) altering capsule production
and either enhancing epithelial adherence or up-regulating cap-
sule expression and (2) facilitating invasive disease or trans-
mission from mucosal surfaces [23]. Accumulating evidence of
the pathogenic potential of strains that are not groupable by
SASG (24, 25] brings into question assumptions that were pre-
viously made in SASG-based oropharyngeal carriage studies.
Because, historically, nongroupable strains have been routinely
discounted in carriage studies, underreporting of the carriage
of potentially pathogenic strains is possible. More relevant to
the public health community is that, in meningococcal disease-
outbreak settings in developed countries, the decision to initiate
mass vaccination is determined, in part, by the isolation of
invasive disease isolates of an identical serogroup in unrelated
persons. Without molecular characterization of such isolates,
true carriage and genotype-specific attack rates may be under-
estimated, and the decision to initiate vaccination may not be
made or may be delayed. In an outbreak setting, consideration
should be given to evaluating, by molecular techniques, all
potentially epidemiologically linked isolates.

Although the overall carriage rate in the present study was
low, the high proportion of N. meningitidis serogroup W-135
carriage suggests that there are high rates of transmission in
Saudi Arabia and that the continued use of an appropriately
timed quadrivalent meningococcal polysaccharide vaccine for
US Hajj pilgrims is recommended. Continued surveillance for
serogroup W-135 meningococcal disease in Saudi Arabia, the
United States, and globally will be important in evaluating the
continuing risk. A better understanding of the genetic and con-
sequent phenotypic behavior of N. meningitidis is essential to
the interpretation of the true role and pathogenic potential of
nongroupable isolates.
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