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Declining Incidence of Invasive Meningococcal Disease in
South Africa: 2003-2016
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Background. Invasive meningococcal disease (IMD) is endemic to South Africa, where vaccine use is negligible. We describe
the epidemiology of IMD in South Africa.

Methods. IMD cases were identified through a national, laboratory-based surveillance program, GERMS-SA, from 2003-2016.
Clinical data on outcomes and human immunodeficiency virus (HIV) statuses were available from 26 sentinel hospital sites. We
conducted space-time analyses to detect clusters of serogroup-specific IMD cases.

Results.  Over 14 years, 5249 IMD cases were identified. The incidence was 0.97 cases per 100 000 persons in 2003, peaked at
1.4 cases per 100 000 persons in 2006, and declined to 0.23 cases per 100 000 persons in 2016. Serogroups were confirmed in 3917
(75%) cases: serogroup A was present in 4.7% of cases, B in 23.3%, C in 9.4%; W in 49.5%; Y in 12.3%, X in 0.3%; Z in 0.1% and 0.4%
of cases were non-groupable. We identified 8 serogroup-specific, geo-temporal clusters of disease. Isolate susceptibility was 100% to
ceftriaxone, 95% to penicillin, and 99.9% to ciprofloxacin. The in-hospital case-fatality rate was 17% (247/1479). Of those tested, 36%
(337/947) of IMD cases were HIV-coinfected. The IMD incidence in HIV-infected persons was higher for all age categories, with an
age-adjusted relative risk ratio (aRRR) of 2.5 (95% confidence interval [CI] 2.2-2.8; P < .001) from 2012-2016. No patients reported
previous meningococcal vaccine exposure. Patients with serogroup W were 3 times more likely to present with severe disease than
those with serogroup B (aRRR 2.7, 95% CI 1.1-6.3); HIV coinfection was twice as common with W and Y diseases (aRRR W = 1.8,

95% CI 1.1-2.9; aRRR Y = 1.9, 95% CI 1.0-3.4).
Conclusions.

In the absence of significant vaccine use, IMD in South Africa decreased by 76% from 2003-2016. HIV was asso-

ciated with an increased risk of IMD, especially for serogroup W and Y diseases.
Keywords. meningococcus; Neisseria meningitidis; epidemiology; South Africa; invasive meningococcal disease.

Invasive meningococcal disease (IMD) is a devastating illness,
with high morbidity and mortality in both low- and high-
income countries [1]. Its incidence is declining in many coun-
tries; however, epidemics still occur, particularly in the African
meningitis belt [2-7].

Some of the global decline in IMD and meningococcal car-
riage, including that observed in countries in the African men-
ingitis belt, may be due to the introduction of meningococcal
vaccination programs [8, 9]. South Africans are not routinely
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vaccinated against IMD, with vaccine sales reaching approxi-
mately 60 000 doses in 2016. Both polysaccharide (Menomune,
Sanofi Pasteur) and conjugate (Menactra, Sanofi Pasteur) quad-
rivalent (ACWY) meningococcal vaccines are available in
South Africa.

National guidelines recommend vaccination for 4 categories
of patients: those with asplenia; those with a terminal com-
plement factor deficiency; those with laboratory exposure to
Neisseria meningitidis; and those traveling to Saudi Arabia,
where proof of vaccination is compulsory for entry [10, 11]. Itis
also recommended during vaccine-serogroup outbreaks. Both
vaccines can be bought privately with a prescription, or the pol-
ysaccharide vaccine can be received free of charge through the
public sector if national guideline criteria are met.

Human immunodeficiency virus (HIV) infection is an inde-
pendent risk factor for IMD; in the United States of America
and the United Kingdom, vaccination is offered to HIV-infected
persons [12-14]. In South Africa, approximately 13% of the
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population are HIV-infected [15]. An association between
N. meningitidis serogroup W (MenW) IMD and poor outcomes
amongst HIV-infected persons has been described; however,
only recently has vaccination been advised for HIV-infected
individuals in South Africa [16, 17].

IMD is seasonal, peaking in May to October each year, but it
fluctuates over periods of 10-15 years [18]. Through national
surveillance programs, South Africa has reported large clusters
of sporadic N. meningitidis serogroup A (MenA; 2001/2002)
and MenW (2005/2006) diseases in Gauteng province and of
serogroup B (MenB) disease in Western Cape province (1976
1986), on a background of low levels of serogroup C (MenC)
and serogroup Y (MenY) IMD cases [19-21].

With minimal vaccine use, diverse serogroup circulation, and
an established surveillance network, we aimed to describe the
natural history of IMD trends over time and detect the presence
of localized, serogroup-specific IMD epidemics. We describe
the clinical and epidemiologic characteristics of MenB IMD,
and compare this to MenA, C, W, and Y to assess serogroup-
specific differences and, potentially, inform recommendations
for meningococcal vaccine use.

METHODS

Invasive Meningococcal Disease Surveillance

IMD cases from January 2003 to December 2016 were reported
through the GERMS-SA national, laboratory-based surveil-
lance network [22]. Individuals of all ages and from all prov-
inces in South Africa who had a laboratory-confirmed IMD
diagnosis (from any of approximately 257 public and private
sector laboratories) were included.

Laboratory-confirmed IMD was defined as an identification
of N. meningitidis from any usually-sterile site (cerebrospinal
fluid [CSF], blood, or joint fluid) through culture; through
polymerase chain reaction (PCR); or with Gram-negative
diplococcus on a Gram stain and a positive latex antigen
test. Recurrent isolates from the same individual were only
recounted after 21 days had elapsed. N. meningitidis isolates not
directly reported to the surveillance network were identified
through audits and included in the analysis [22].

IMD isolates were sent from clinical laboratories to the reference
laboratory at the Centre for Respiratory Diseases and Meningitis, at
the National Institute for Communicable Diseases. Antimicrobial
susceptibility testing was interpreted using Clinical and Laboratory
Standards Institute interpretive criteria [23]. Meningococcal
serogroups were determined by slide agglutination, using poly-
clonal antibodies to capsular polysaccharides ACWXYZ and mon-
oclonal antibodies to polysaccharide B (Remel, Biotech Limited,
Dartford, United Kingdom). Serogroup results of all N. meningitidis
isolates were confirmed by PCR [24, 25].

Demographic details for each case included: patient age,
patient sex, province, and specimen type. Specimen type

was hierarchically defined as (1) CSF specimen, regardless of
other specimens sent; (2) blood specimen, regardless of other
specimens (excluding CSF); and (3) other, such as pleural
or joint fluid without a CSF or blood specimen [26]. At 26
sentinel-hospitals, representing all provinces of South Africa,
we conducted enhanced surveillance to capture additional data,
including in-hospital outcomes, predisposing conditions, and
Pitt bacteraemia scores for severity of illness (score 0 for mild,
1-3 for moderate, 4-12 for severe illness) [22, 27].

Incidence Calculation

The annual IMD incidence per 100 000 persons was calcu-
lated by age category and serogroup using mid-year popula-
tion estimates from Statistics South Africa [15]. For incidence
calculations by serogroup, we imputed 1332 missing serogroups,
adjusting for province and age. Population denominators from
the Thembisa 2016 model were used to calculate the incidence
by HIV serostatus and the relative risk of HIV coinfection
for the years 2012-2016, adjusting for age and year [28, 29].
The HIV prevalence amongst persons with IMD from non-
enhanced surveillance sites was assumed to be similar to age-
matched persons each year at enhanced surveillance sites.

Statistical Analysis

A statistical analysis was implemented using Stata version 14
(StataCorp Inc., College Station, TX), and P values <.05 were
considered significant. Trends in incidence rates by serogroup were
calculated using Poisson regression, using cases from 2003 as the
reference group. Univariate analyses—comparing characteristics
of MenB and MenA, C, W, Y, and all other cases (MenX, MenZ,
and non-groupable [MenNG]) of IMD—were performed using
Fisher’s exact/Mantel-Haenszel x2-test for categorical variables.
A multinomial regression model was used to assess the clinical and
epidemiologic characteristics of patients with IMD by serogroup,
with MenB as the baseline category. We started with all variables
that were significant at a P value less than .05 in a univariate anal-
ysis, and dropped non-significant factors with a stepwise, manual,
backward elimination. All 2-way interactions were evaluated.

Assessment of Spatial-Temporal Clusters

We used SaTScan version 9.4.3 (http://www.satscan.org/) to
conduct a spatial-temporal analysis, using a Bernoulli model
and comparing IMD cases with controls from January 2005
to December 2015 [30]. Cases were defined as numbers of
IMD episodes by serogroup occurring per district, per month.
Controls were episodes of laboratory-confirmed cryptococcosis
occurring per district, per month. Cryptococcosis was chosen
as a control group, as this disease is widespread across South
Africa and its diagnosis necessitates the clinical expertise of
performing a lumbar puncture on suspected patients and pro-
cessing the specimen at a functioning district laboratory; thus,
we controlled for differences in specimen-taking-practices
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and laboratory capacities across the different districts of South
Africa. Cases and controls were collected through the same sur-
veillance program: GERMS-SA [22].

Spatial-temporal clusters were defined as an increase in
serogroup-specific IMD cases occurring above the expected norm
for a defined geographical location and time. The cryptococcal
controls helped determine the expected number of IMD cases
within each district. The relative risk of IMD by serogroup cluster
in each district was calculated by dividing the observed number
of cases by the expected number of cases. Maps indicating clusters
were generated using ArcGIS version 9.2 (http://www.esri.com/).
Only significant clusters, with P values <.05, were reported (see
Supplementary Materials for a more detailed description).

Ethical Approval

Ethical approval for the secondary data analysis of the
GERMS-SA surveillance data (M140159) was obtained from
the University of Witwatersrand Health Research Ethics
Committee (Human; M170951). All personal identifiers were
removed prior to data analysis.

RESULTS

From 2003 through 2016, 5249 cases of IMD were reported
through the surveillance network in South Africa, with 60%
(3158/5249) occurring during winter and spring (June to
October; Figure 1 and Supplementary Figure 1). The menin-
gococcal serogroups were confirmed in 3917 (75%) cases (708
[18%] through PCR only), with 7 different serogroups identified
(MenA, 183 [5%]; MenB, 912 [23%]; MenC, 369 [9%]; MenW,
1940 [50%]; MenY, 482 [12%]; MenX, 12 [0.3%]; MenZ, 4
[0.1%]; and MenNG, 15 [0.4%]; Supplementary Figure 2). Of the
serotype-confirmed cases, 74% (2911/3917) were isolated from
CSE 25% (993/3917) from blood, and 0.3% (13/3917) from other
sterile sites. All isolates tested were susceptible to ceftriaxone
(3209/3209), 95% were susceptible to penicillin (3052/3209),
and 99.9% were susceptible to ciprofloxacin (2250/2252). Of
the serotype-confirmed cases, 77% occurred in 3 of the 9 South
African provinces (1947/3917 [50%] in Gauteng; 736 [19%] in
Western Cape; and 321 [8%] in Eastern Cape; Table 1).

The IMD incidence per 100 000 persons was 0.97 cases in
2003, peaked at 1.4 cases in 2006, and decreased to 0.23 cases in

All IMD cases reported

5249
No serogroup available AND .
no isolate available Serogro::;vanable
1332
(25%) (75%)

No isolate but serogroup by PCR
available for 708 (18%)

Isolate available for serogrouping
and susceptibility testing

3209 (82%)

ANALYSES

. Estimated incidence of IMD by
serogroup and year (using 1332
imputed serogroups)

. Seasonality of cases by month and year

. Temporal-spatial cluster analysis used
data from 2005-2015

. Multinomial analysis by serogroup
. HIV relative risk from 2012-2016

Non-enhanced surveillance

site
2298 1619
(59%) (41%)

Enhanced surveillance site

No clinical data available
130
(8%)

Clinical data available
1489
(92%)

542
(36%)

HIV data unavailable

HIV data available
947
(64%)

Figure 1.
ciency virus; IMD, invasive meningococcal disease; PCR, polymerase chain reaction.

Flow chart of laboratory-confirmed cases of IMD reported to GERMS-SA, in South Africa, from 20032016 (N = 5249). Abbreviations: HIV, human immunodefi-
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Table 1.

Other

(Reference)

All

aRRR
(95% Cl)

RR

R
(95%Cl)

aRRR
(95% Cl)

aRRR n/N

(95% Cl)

RRR
(95%Cl)

n/N

(%)

aRRR
(95% Cl)

RR

R
(95%Cl)

n/N

(%)

aRRR
(95% ClI)

RRR

(95%Cl)

n/N
(%)

n/N

n/N

n/N (%)

RRR (95%Cl)

(%)

(%)

(%)

Characteristics

1/8

2/135

(1)

5/595

(1)

0/95

0/34
(0)

0/238

(0)

8/1105

M

Diabetes

(13)
/8

(0)
0/95

226

3.0

4/135
(3)

0.5

4/595

(1

0/34
(0)

1/238

10/1105

Complement deficiency

(3.2-572)

(13)
0/8
(0)

(0.7-12.8)

(0.2-2.4)

(0)
0/95

(0)

0/135
(0)

1/695
(0)

0/34
(0)

0/238

(0)

1/1105

(0.1)

Asplenia

1/8

111

1/135

7/595

(1

17

2/95

2.4

1/34
(3)

3/238

M

15/1105

M

Chronic lung disease

(13)
1/3

(1.0-121.5)

1.7

1)
6/39
(15)

2/39

(5)

(0.2-3.6)

0.8

(0.3-10.2)

14

(0.2-23.5)

'8

4.7

13/161
(8)

5/38
(13)

3/38

5/52 2/17

(10)

32/310

(10)

Smoking (>19 years)

(0.4-61.4)

(33)
0/3
(0)

(0.56-6.0)
0.4

(0.3-2.4)

0.5

(0.4-5.3)
0.7

(0.2-7.1)
1.0

(12)

2/17

10/161

(6)

6/52

(12)

23/310

Alcohol dependency®

(0.1-2.2)

(0.2-1.5)

(0.2-2.8)

(8)

(0.2-5.6)

(12)

(>19 years)

Abbreviations: aRRR, age-adjusted relative risk ratio; CAGE, Cutting down, Annoyance by criticism, Guilty feeling, and Eye-openers; Cl, confidence interval; HIV, human immunodeficiency virus; RRR, relative risk ratio.

“Includes Northern Cape, Free State, North West, Limpopo, Mpumalanga, and KwaZulu-Natal provinces.

®Includes joint fluid, pleural fluid, and vitreous fluid.

“Alcohol dependency was indicated using the CAGE questionnaire [31].

2016 (overall reduction of 76%; Figure 2). The incidence per 100
000 persons was highest in infants for all serogroups (MenA,
0.1; MenB, 2.4; MenC, 0.5; MenW, 3.1; MenY, 0.7; other, 0.03
[MenX, Y, and NG combined]; Supplementary Figure 3); and
55% (2118/3838) of all IMD patients were male. From 2012-
2016, the relative risk of IMD amongst HIV-infected individuals
was 2.5 times greater than in HIV-uninfected individuals (0.7
per 100 000 vs. 0.3 per 100 000, respectively; Table 2).

MenA was the predominant serogroup causing IMD in 2003,
with an incidence of 0.3 cases per 100 000 persons. MenB di-
sease steadily declined, from 0.3 to 0.1 cases per 100 000 per-
sons, from 2003 to 2016 (P <.001). This decrease affected all age
categories, except those =65 years of age. MenB was the second-
most predominant serogroup for all years, except 2016, where
it was predominant (causing 41% [47/114] of cases). Although
there was an overall reduction of 90% in the incidence of MenC
disease, from 0.2 cases per 100 000 persons in 2003 to 0.02 cases
per 100 000 in 2016, the MenC disease incidence increased in
the <1 year (0.3 to 0.4 cases per 100 000 persons), 5-9 year (0.03
to 0.08 cases per 100 000 persons), and 45-64 year (0 to 0.03
cases per 100 000 persons) age categories.

The MenW incidence increased 10-fold from 2003 to 2006
(from 0.09 to 0.9 cases per 100 000 persons, respectively; P
>0.001), then decreased to 0.06 cases per 100 000 persons by
2016. It caused the majority of disease in 8 of the 9 provinces.
All age groups were affected by the increase in MenW IMD,
but infants were particularly vulnerable, with the incidence
increasing from 1.2 cases per 100 000 persons in 2003 to 7.7
cases per 100 000 persons in 2006, before declining to 0 cases
in 2016. Overall, the MenY disease incidence decreased by 80%,
from 0.2 cases per 100 000 persons in 2003 to 0.03 cases per 100
000 persons in 2016.

Clinical Characteristics

Clinical details were available from 92% (1489/1619) of the per-
sons attending enhanced surveillance hospital sites (Figure 1).
A total of 61% of persons were admitted with a Pitt bacteraemia
score for moderate (670/1371) to severe disease (166/1371),
and 17% (247/1479) died during their hospital admission. HIV
coinfections were detected in 36% (337/947) of persons tested.
Diabetes (8/1105), chronic lung disease (15/1105), and terminal
complement deficiency (10/1105) were each present in 1% of
the patients. Of those over 18 years of age, 10% (32/310) were
current smokers and 7% (23/310) reported alcohol dependency
(Table 1). None of the patients reported previous meningo-
coccal vaccine exposure. There were 9 persons with recurrent
IMD during the time period: 1 child, with complement defi-
ciency, survived 3 episodes of IMD.

Invasive Meningococcal Disease Spatial-Temporal Clusters by Serogroups
We identified 8 significant IMD clusters (1 MenA, 2 MenB,
2 MenC, 1 MenW, and 2 MenY clusters), involving 45%
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Figure 2. Estimated incidence of invasive meningococcal disease by serogroup and year, in South Africa, from 2003-2016 (N = 5249). Serogroup data were imputed for
1332 cases. The “Other” serogroups included 12 X, 4 Z, and 15 non groupable isolates. Significant increases in disease incidence were seen with serogroup W between 2003
and 2006 (P< .001), followed by significant decreases until 2016 (P< .001). All other serogroups (except Other) showed significant decreases in disease incidence over the

14 years (P< .001). The “Total” group includes all of South Africa.

(1450/3256) of the cases. All clusters extended over at least
12 months, with 5 clusters lasting over 5 years. Geographical-
temporal overlapping occurred: 2 provinces (Gauteng in 2006-
2008 and Western Cape in 2010) experienced clusters with >3
serogroups (Figure 3 and Supplementary Figure 1).

The MenA cluster in the Gauteng and Free State provinces
(n = 33; 2005-2008) had a within-cluster relative risk of MenA
disease of 7.7. The MenB clusters in Gauteng (n = 137; 2007-
2011) and Western Cape (n = 174; 2005-2010) had within-cluster
relative risks of MenB disease of 2.4 and 8.1 times, respectively.
A MenC cluster over the Northern and Western Cape provinces
persisted from mid-2006 until the end of 2011 (n = 62), with a
within-cluster relative risk of 4.5; another MenC cluster occurred
in Gauteng from early 2006 to September 2011 (n = 66), with
a relative risk of 2.5. The largest cluster, MenW, occurred in the
Gauteng province from 2005-2010 (n = 900), with a within-
cluster relative risk of 6.1. We detected 2 distinct MenY clusters:

1 in Free State province (n = 16; 2005-06), with a within-cluster
relative risk of 19.7, and the other in the Northern and Western
Cape provinces (n = 55; 2010-2015), with a relative risk of 5.7.

Multinomial Analysis

In a multinomial analysis, compared to MenB in the Western
Cape, MenC was 7 times more likely to occur in the Eastern Cape
(adjusted relative risk ratio [aRRR] 6.7, 95% confidence interval
[CI] 1.4-32.8) and MenW was 4 times more likely to occur
in Gauteng (aRRR 4.2, 95% CI 2.7-6.8; Table 1). Collectively
MenX, MenZ, and MenNG were more likely to occur in older
age groups than MenB (aRRR 9.7, 95% CI 1.1-84.5). There was
no significant difference between the serogroups for sex, spec-
imen type, antimicrobial susceptibility, or case fatality. However,
patients with MenW disease were 3 times more likely to pre-
sent with severe disease (aRRR 2.7, 95% CI 1.1-6.3) than MenB
IMD patients. HIV coinfection was twice as common amongst

Table 2. Average Annual Incidence (Per 100 000 Population) and Relative Risk of Invasive Meningococcal Disease Amongst HIV-infected and -uninfected

Persons by Age Category, in South Africa, From 2012-2016

Invasive Meningococcal Disease Incidence, 2012-2016

Relative Risk (95%

Age Category All (95% ClI) HIV-infected (95% Cl) HIV-uninfected (95% CI) Cl)

<15 years 0.68 0.62-0.74 2.28 1.66-3.07 0.64 0.58-0.70 3.6 2.6-4.9
15-49 years 0.23 0.20-0.25 0.65 0.56-0.75 0.13 0.11-0.15 5.2 4.2-6.5
50+ years 0.08 0.06-0.12 0.17 0.07-0.35 0.08 0.05-0.11 2.3 1.0-5.1
All ages 0.34 0.32-0.36 0.7 0.62-0.80 0.29 0.26-0.31 2.5 2.2-2.8

Abbreviations: Cl, confidence interval; HIV, human immunodeficiency virus.
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Figure 3. Invasive meningococcal disease clusters, by serogroup, by district, occurring in South Africa, from 2005-2015. (A) The serogroup A cluster occurred from January
2005 to September 2008 and had a within-cluster relative risk (RR) of 7.7. (B) There were 2 serogroup B clusters: cluster 1 occurred from June 2005 to November 2010 and had
a RR of 2.4; and cluster 2 occurred from July 2007 to August 2011 and had a RR of 8.1. (C) There were 2 serogroup C clusters: cluster 1 occurred from July 2006 to December
2011 and had a RR of 4.5; and cluster 2 occurred from April 2006 to September 2011 and had a RR of 2.5. (D) The serogroup W cluster occurred from April 2005 to September
2010 and had a RR of 6.1. (£) There were 2 serogroup Y clusters: cluster 1 occurred from February 2010 to July 2015 and had a RR of 5.7; and cluster 2 occurred from March
2005 to November 2006 and had a RR of 19.1. The district relative risks were calculated by dividing the observed number of cases per district by the number of cases expected

per district (as determined by numbers of patients in the cryptococcosis control group).

MenW and MenY cases, as compared to MenB (aRRR W = 1.8,
95% CI 1.1-2.9; aRRR Y = 1.9, 95% CI 1.0-3.4).

DISCUSSION

With trivial meningococcal vaccine use, South Africa dis-
played typical waxing and waning of IMD during 14 years of
surveillance. Overall, IMD decreased by 76%, from a baseline
of 1.0 case per 100 000 persons in 2005 to 0.2 cases per 100

000 persons in 2016, despite the 2006 peak of 1.4 cases per
100 000 persons during the height of the MenW emergence.
The IMD case fatality rate was 17%; 36% of patients had an
HIV coinfection; and infants had the highest incidence of di-
sease. MenW and B caused the majority of IMD. Compared
to MenB, patients with MenW disease had more severe
illnesses and patients with MenW and Y were more likely to
have an HIV coinfection. We identified 8 serogroup-specific,
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spatial-temporal clusters of disease over a 12-year period,
indicating an established circulation of 5 different serogroups
(A, B, C, W, and Y) within South Africa.

Apart from continued MenC and other IMD epidemics
occurring in the meningitis belt, countries such as the United
States, United Kingdom, and Finland have all reported a decline
in meningococcal disease over the last decade (with similarly low
IMD incidence rates to that in South Africa), and not all of this is
attributable to increased meningococcal vaccine use [32, 33]. This
natural decline is true for all Neisseria meningitidis serogroups
occurring in South Africa, and particularly for MenW.

Our study demonstrates a natural waxing and waning of
the MenW epidemic that peaked in 2006 [20]. Few countries
have been able to show the natural evolution of MenW IMD, as
many of them have introduced new vaccine campaigns aimed at
targeting the emergent pathogen [34-37]. Although clustering
around Gauteng province, MenW disease spread across South
Africa progressively, becoming the most prominent meningo-
coccal serogroup in all regions and across all age groups. South
Africa did not implement widespread meningococcal vaccine
use during the MenW emergence, but provided routine che-
moprophylaxis to close contacts of cases [10]. MenW disease
emerged at the tail end of a MenA epidemic, and MenA disease
completely disappeared by 2010 [19]. Following the waning of
MenW and all other IMD in South Africa, it remains to be seen
whether MenW disease will disappear and whether any estab-
lished (B, C, or Y) or emergent serogroups will replace it.

The in-hospital mortality rate from IMD (17%) was similar
to that seen in the United States (15%), but higher than those in
Australia and Canada (8%) [32, 38, 39]. Our study showed that,
more recently, IMD occurs 2.5 times more often in HIV-infected
than -uninfected individuals. Many countries are beginning to
focus on HIV as a risk factor for meningococcal disease, and
the United States was the first to implement a targeted vaccina-
tion program against IMD in HIV-infected persons to address
this increased risk [14]. It is unknown whether meningococcal
carriage is increased in HIV-infected persons or whether spe-
cific behavior practices might influence the relative risk of IMD
in persons living with HIV. Persons living with HIV in South
Africa have relatively good access to medical care, with approx-
imately 4 million persons currently accessing antiretrovirals.
According to new South African guidelines for vaccinating
HIV-infected persons, where possible, meningococcal conju-
gate vaccine should be considered [17].

We showed 8 geographic clusters, each lasting 2 to 6 years.
Clusters of serogroup-specific meningococcal disease that per-
sist over prolonged periods of time warrant molecular inves-
tigation. MenA, B, and W clusters, reported in this study and
occurring in Gauteng province, appear to overlap in time and
location with meningococcal clonal complexes previously re-
ported in South African molecular studies; namely, a MenA
cluster of ST1 complex I/II, a MenB cluster of clonal complex

ST-32/ET-5, and a MenW cluster of ST-11/ET-37 [19, 20,
40]. Even though the IMD incidence is low, there are mul-
tiple serogroups and, possibly, clonal clusters of meningococci
vying to establish themselves in South Africa, opening
opportunities for extensive transmission amidst an unvacci-
nated, immunologically-naive population.

The IMD incidence was low, based only on laboratory-
confirmed cases. This underestimates the true burden of IMD,
as clinically-suspected cases treated empirically and cases of
people who died prior to hospitalization would not have been
included. However, the surveillance program has been well es-
tablished since 2005, as evidenced by pneumococcal data col-
lected through the same program [26, 41]. Importantly, clinical
specimen collection practices vary across South Africa, with the
more rural provinces taking half as many specimens per capita
than urban provinces [42, 43]. A study modelling the pneu-
mococcal disease burden in South Africa showed a 170% in-
crease in pneumococcal meningitis cases when correcting for
specimen-taking practices by province [26, 42]. The knowledge
of the sequelae following IMD in our setting would have been
interesting, had these data been available through the surveil-
lance program.

Applying the temporal-spatial analyses of IMD, along with
genotyping of the clusters, may assist in finding associations
between cases with no obvious epidemiological links in
the future. Data from this study can also be used to develop
models assessing the cost effectiveness of different vaccination
strategies against IMD in South Africa. Other countries have
used modelling techniques that show meningococcal vaccine
strategies implemented outside of outbreak situations are ex-
pensive to initiate and maintain; however, due to epidemio-
logical considerations and, in some cases, public pressure, they
have been implemented [44-49]. This paper shows the cyclical
nature of serogroup distribution and the seasonality of IMD
in South Africa; however, it would be interesting to investigate
associations of IMD with environmental conditions or other
seasonal infectious diseases [50].

CONCLUSION

The South African surveillance program is well positioned to
describe the natural fluctuations of IMD. Even though the IMD
incidence in South Africa is low, it remains a public health pri-
ority, as over 50% of individuals with IMD have moderate to
severe disease, the in-hospital case fatality rate from IMD is al-
most 20%, and 13% of South African citizens are at higher risk
of contracting IMD, due to their underlying HIV infections.
As in any country, meningococcal disease prevention is of im-
portance: surveillance and monitoring of new cases needs to
continue; the provision of chemoprophylaxis to close contacts
is essential; and the meningococcal vaccination of high-risk
individuals should be considered.
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Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding author.
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