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We reviewed pneumococcal serotype 3 cases reported from 2000 through 2005 to a laboratory-based sur-
veillance system for invasive pneumococcal disease in South Africa. The prevalence of serotype 3 invasive
isolates was compared to their prevalence in carriage isolates to determine the odds of invasiveness due to
serotype 3 among South African children. Three groups of serotype 3 strains were characterized by pulsed-field
gel electrophoresis (PFGE) or Box element PCR (BOX-PCR), randomly selected invasive isolates from one
province, isolates from a carriage study involving children in the same province, and antimicrobial-resistant
invasive isolates collected nationally. Examples of the PFGE types identified were further characterized by
multilocus sequence typing. In total, 15,980 viable isolates causing invasive disease were submitted, of which
661 (4%) were serotype 3, mostly from adults (85% [489/575]). Fewer serotype 3 isolates were nonsusceptible
to antimicrobial agents tested (40/661 [6%]) than non-serotype 3 isolates (8,480/15,319 [55%]) (P < 0.001).
Compared to non-serotype 3 cases, there was no association with HIV coinfection (2,212/2,569 [86%] versus
72/78 [92%]; P = 0.1) or increased case fatality ratio (1,190/4,211 [28%] versus 54/154 [35%]; P = 0.7).
Serotype 3 in children had a low but statistically insignificant invasive disease potential (odds ratio [OR] of
0.15; 95% confidence interval [CI] of 0.01 to 1.06). Strains were grouped into 3 PFGE clusters, with the largest,
cluster A, representing 54% (84/155), including 14 isolates confirmed as sequence type 458 (ST458). It was
confirmed that 3 isolates from cluster B, which represented only 12% (18/155) of the isolates, were the serotype
3 global strain, ST180. We have therefore identified ST458 as predominating in South Africa, but with an

invasive potential similar to that of the predominant global clone ST180.

Pneumococci with serotype 3 capsules are associated with
invasive pneumococcal disease (IPD) in older children and
adults (13, 14). Serotype 3 pneumococci have been associated
with higher case fatality ratios compared to other serotypes
(14). In South Africa, the importance of serotype 3 was high-
lighted when it was shown to be the major cause of intensive
care admissions of patients with pneumococcal pneumonia in a
tertiary care hospital in Johannesburg from January 1984 to
December 1985 (10). Among this group of patients, serotype 3
infections had the highest complication rate and mortality
compared with infections caused by other serotypes.

In young children, serotype 3 has been shown however to be
associated with low invasive potential and higher carriage rates
(4, 31). Despite the association with carriage, serotype 3 strains
generally exhibit low levels of antibiotic resistance (10, 17-19);
however, a fatal multidrug-resistant (MDR) serotype 3 strain
was isolated from the blood of a South African 17-year-old boy
in 1987 (20).
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The establishment of the pneumococcal multilocus sequence
type (MLST) database in 2003 has made it possible to monitor
the spread of pneumococcal clones within and between coun-
tries. Sequence type 180 (ST180) is known to be predominant
among invasive and carriage serotype 3 strains from several
countries (2, 4, 6). Little is known about pneumococcal sero-
type 3 causing invasive disease in developing countries.

The 7-valent pneumococcal conjugate vaccine (PCV-7) is
effective in reducing disease in vaccinated individuals as well as
in unvaccinated individuals through a herd effect (23). There
are, however, reports of the emergence of serotypes not in-
cluded in the vaccine, including serotype 3 (2, 24). A recent
study from Utah reported that more children with serotype 3
pneumonia had received at least one dose of PCV-7 compared
to other serotypes (3). To detect serotype changes as a result of
universal use of a new vaccine, surveillance of isolates prior to
and following the introduction of the vaccine is required. In
South Africa, PCV-7 was registered in 2005 but was initially
only available in the private health care sector. The vaccine was
implemented nationally as part of the routine childhood im-
munization program in April 20009.

The aim of this study was to review invasive pneumococcal
serotype 3 isolates in South Africa over a 6-year period (2000
to 2005) prior to the introduction of PCV-7 and to compare the
prevalence of serotype 3 in children to the prevalence of se-
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rotype 3 carriage to assess invasive disease potential in chil-
dren. Further genotypic characterization was performed to
describe the molecular epidemiology of these isolates.

MATERIALS AND METHODS

Invasive pneumococcal disease. National laboratory-based surveillance for
IPD in South Africa was initiated in July 1999 (15) and is ongoing. In 2003,
surveillance was enhanced to include additional data, such as outcome and HIV
serological status from sentinel sites in all nine provinces. HIV testing was
requested by admitting physicians when clinically indicated according to standard
practice. In Gauteng Province, South Africa, this included HIV enzyme-linked
immunosorbent assay (ELISA) testing with confirmation by ELISA on a second
specimen for all patients =18 months of age (30). For children of <18 months
of age, qualitative HIV PCR testing was performed for the diagnosis of HIV.
IPD case data and viable pneumococcal isolates were submitted to the National
Institute for Communicable Diseases (NICD) in Johannesburg, South Africa
(15). For the purposes of this study, a case of IPD was defined as the isolation of
a pneumococcus from a specimen from a normally sterile site (e.g., blood culture,
cerebrospinal fluid [CSF], pleural fluid, or joint fluid) from individuals of all ages
throughout South Africa, identified from 2000 through 2005. In addition, cases
included patients with invasive specimens testing positive by bacterial latex ag-
glutination and supported either by Gram stain microscopy and/or PCR (25). If
pneumococci were isolated from multiple specimens from the same patient, a
primary specimen was determined according to a hierarchy in the following
order: CSF, blood, pleural fluid, or other specimens. Only one isolate from each
patient was included. All isolates were serotyped and if the same serotype was
isolated more than once within 21 days, only the first isolate was included.
Children and adults were defined as <15 years and =15 years of age, respec-
tively.

A random sample of invasive serotype 3 strains was selected from Gauteng
Province in South Africa for molecular characterization. Gauteng is the most
densely populated province of nine provinces in South Africa (530 people per
km? in 2005) (8) with an estimated midyear population of 9 million in 2005
(Statistics South Africa [http://www.statssa.gov.za/publications/P0302/P03022005
.pdf]). Invasive serotype 3 strains demonstrating reduced antimicrobial suscep-
tibility to at least one agent tested and submitted from all nine provinces were
randomly selected for further characterization. A serotype 3 MDR strain isolated
in 1987 in South Africa was also included to determine whether this clone was
circulating among recent isolates (20).

Carriage study. A carriage study was conducted at Chris Hani Baragwanath
Hospital in Soweto, Gauteng Province, South Africa, from 2007 to 2008. The
study enrolled 251 healthy children who tested negative for HIV, who were born
to 126 HIV-seropositive and 125 HIV-seronegative mothers. Children were
tested for HIV using Roche Amplicor HIV-1 DNA PCR (version 1.5) (Roche
Diagnostics, Branchburg, NJ). The children had nasopharyngeal swab samples
taken at nine visits: at 1.5 months of age, thereafter approximately every 6 weeks
until 7 months of age, at 9 months, 12 months, 16 months, and 24 months of age.
In the carriage study, only species identity and serotype were determined. As the
unit of measurement for the formula was serotype, we only counted any serotype
once for any given child, irrespective of the possibility that the same serotype may
have been a newly acquired different strain of the same serotype. If a particular
serotype was isolated on more than one visit from the same child, therefore, this
serotype was only counted once. The study was approved by the Human Re-
search Ethics Committee (protocol CIPRA 4-MTC PNEUMO; ethics no.
050705), University of the Witwatersrand, South Africa. All mothers gave written
consent for their children to participate in the study.

Capsular serotyping and antimicrobial susceptibility testing. Serotypes of
isolates were confirmed by the quellung method using type-specific antisera
(Statens Serum Institut, Copenhagen, Denmark) (1). All strains were initially
screened for susceptibility to oxacillin (for penicillin), tetracycline, chloramphen-
icol, erythromycin, clindamycin, rifampin, and trimethoprim-sulfamethoxazole
by disk diffusion (Mast Diagnostics Group Ltd., Merseyside, United Kingdom).
All isolates testing nonsusceptible on disk screening had MICs determined using
agar dilution or Etest (AB Biodisk, Solna, Sweden). Testing and interpretation of
all results were done according to Clinical and Laboratory Standards Institute
guidelines and breakpoints (7). Isolates were considered to be nonsusceptible to
penicillin at MICs of =0.12 mg/liter using the oral penicillin breakpoint. For
other antimicrobials, isolates were defined as nonsusceptible if they were inter-
mediately resistant or resistant to an agent tested, and isolates were classified as
multidrug resistant if they were nonsusceptible to three or more classes of
antimicrobial agents tested.
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Comparison of serotype 3 and non-serotype 3 disease. The Mantel-Haenszel
x° test or Fisher’s exact test was used to assess differences between patients with
serotype 3 disease and those with disease caused by other serotypes (non-
serotype 3 disease). Analysis was performed with Epi Info software, version
6.04d. We calculated incidence rates using midyear population estimates for
South Africa supplied by Statistics South Africa. Analyses were carried out for all
data collected from 2000 through 2005, except when including outcome and HIV
serological status, which was restricted to data collected from enhanced sentinel
sites from 2003 through 2005.

Estimation of the invasiveness of serotype 3. Carriage and invasive disease
data were used to estimate the probability of invasiveness due to serotype 3 by
calculating an empirical odds ratio (OR) (31). Invasive case data of children aged
0 to 2 years from all sites in Gauteng Province, South Africa, submitted from
January 2000 through December 2008 as part of national surveillance for IPD,
were compared to data from the carriage study conducted in 2007 through 2008
that included children of similar ages, and from the same province. The OR and
two-tailed Fisher’s exact test were calculated using Epi Info version 6.04d. The
OR was interpreted as previously described (4). A P value of <0.05 was consid-
ered statistically significant.

Molecular characterization. Pulsed-field gel electrophoresis (PFGE) was per-
formed on randomly selected serotype 3 isolates from Gauteng Province (n =
140) and eleven carriage isolates from Chris Hani Baragwanath Hospital,
Soweto, Gauteng Province, South Africa, as described previously using Smal
restriction enzyme (Roche Diagnostics GmbH, Mannheim, Germany) (21). In
addition, all serotype 3 isolates that were determined to be nonsusceptible to any
of the antimicrobial agents tested were characterized by PFGE (n = 40). Box
element PCR (BOX-PCR) was used to analyze those isolates that repeatedly did
not yield PFGE patterns (n = 38) (16). UPGMA (unweighted-pair group
method with arithmetic means) dendrograms were constructed using the
GelCompar software version 4.1 (Applied Maths, Kortrijk, Belgium). PFGE and
BOX-PCR clusters were defined as five or more isolates with =80% and =90%
genetic relatedness on the dendrogram, respectively (11). An optimization value
of 2% and position tolerance of 1% were used for the analysis. At least one
isolate was arbitrarily selected for MLST (n = 30) from each of the PFGE and
BOX-PCR clusters and from unrelated isolates. The procedure for MLST was
performed as described previously (9).

RESULTS

National surveillance for invasive pneumococcal disease. A
total of 17,488 cases of IPD were reported from January 2000
through December 2005, and of these, 15,980 (91%) had viable
isolates available for further testing. IPD cases were mainly
reported from Gauteng province in South Africa (10,393/
17,488 [59%]). Four percent (661/15,980) of the viable isolates
were identified as serotype 3, the majority of which originated
from Gauteng Province (467/661 [71%]). The proportion of
serotype 3 disease differed by year (P < 0.001): 87/1,828
(4.8%), 116/2,120 (5.5%), 101/2,009 (5.5%), 108/2,894 (3.7%),
123/3,473 (3.5%), and 126/3,656 (3.4%) for the 6 years, respec-
tively (Table 1). The majority of serotype 3 isolates were re-
covered from blood culture specimens (509/661 [77%]), but
this was not significantly different from non-serotype 3 isolates
(2,177/3,530 [61%]) (P = 0.2). Serotype 3 isolates were also
isolated from CSF (113/661 [17%]), pleural fluid (32/661
[5%]), and other specimens from normally sterile sites (7/661
[1%]). The age of the individual was known in 575 of 661
(87%) serotype 3 cases, with the majority isolated from adults
(489/575 [85%]). Age-specific incidence rates for 2005 were
highest in children younger than 1 year of age, with a second
peak in the 25- to 64-year-old age group (Fig. 1). In 2005,
serotype 3 disease was more likely to be identified in adults
(104/118 [88%]) than in children compared with non-serotype
3 disease (1,811/3,347 [54%]) (P < 0.001). A similar pattern
was observed for the other years (data not shown).

For the period 2003 to 2005, HIV seroprevalence was known
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TABLE 1. Antibiograms of serotype 3 isolates causing invasive
pneumococcal disease in South Africa from 2000 to 2005

No. of serotype 3 isolates collected in the

Antibiotic profile* or following yr®:
parameter
2000 2001 2002 2003 2004 2005
Antibiotic profile
Fully susceptible 86 109 101 94 116 115
M 0 5 0 8 2 3
R 0 0 0 4 2 2
T 0 1 0 0 1 0
EL 1 0 0 0 0 0
™ 0 0 0 0 0 1
PM 0 0 0 1 1 1
TEL 0 0 0 0 0 1
PRM 0 1 0 0 0 0
PTM 0 0 0 1 0 2
TELM 0 0 0 0 1 0
PTELM 0 0 0 0 0 1
Parameters
Total no. of 87 116 101 108 123 126
serotype 3 cases

Total no. of non- 1,741 2,004 1,908 2,786 3,350 3,530

serotype 3 cases

No. of cases with 175 110 127 333 311 451
no isolate
available

Total no. of cases
reported

2,003 2,230 2,137 3,227 3,784 4,107

“ Antibiotic abbreviations: P, penicillin G; R, rifampin; M, trimethoprim-
sulfamethoxazole; T, tetracycline; E, erythromycin; L, clindamycin.

® The values for the antibiotic profile are the number of isolates of serotype 3
isolates collected in the years 2000 to 2005. For the parameters, the values are
the number of isolates or cases as specified.

for 78 of the 154 (51%) serotype 3 cases presenting to en-
hanced surveillance sites, the majority of whom were HIV
seropositive (72/78 [92%]). HIV coinfection in serotype 3 pa-
tients was not significantly different from that in non-serotype

0.6 T N Scrotype 3

—+— Non-serotype 3

Serotype 3 cases per 100,000 population
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3 cases (2,212/2,569 [86%]) (P = 0.1). The proportion of HIV-
seropositive serotype 3 cases did not change over the 3-year
period (~92%) (P = 0.5). The case fatality ratio among sero-
type 3 cases remained stable for 2003 (18/47 [38%]), 2004
(18/48 [38%]), and 2005 (18/59 [31%]) (P = 0.4). Overall, the
case fatality ratio did not differ significantly for serotype 3 cases
(54/154 [35%]) compared with non-serotype 3 cases (1,190/
4,211 [28%]) (P = 0.7).

Serotype 3 antimicrobial susceptibility. Serotype 3 isolates
were less likely to show nonsusceptibility to any of the an-
timicrobial agents tested (40/661 [6%]) than non-serotype 3
isolates (8,480/15,319 [55%]) (P < 0.001) (Table 1). Resis-
tance to trimethoprim-sulfamethoxazole was most common
(28/40 [70%]), and 6 of 40 (15%) isolates were MDR.

Invasive disease potential. A total of 1,761 swabs were ob-
tained from 251 children, and pneumococcal carriage was doc-
umented in 1,024 of 1,761 swabs (58%). Serotypes isolated
from the same child more than once were excluded (n = 380).
Fourteen serotype 3 strains were identified among the remain-
ing 644 serotypes. Since only HIV-negative children were in-
cluded in the carriage study, we compared these carriage data
only to IPD data of children with HIV-seronegative results.
For IPD cases reported for children aged 0 to 2 years during
2000 to 2008 from all sites in Gauteng province, South Africa
(n = 3,735), 1,156 had both HIV and serotype results. The
proportion of serotype 3 in HIV-uninfected children with
serotype results was 1/309. Compared to other serotypes,
serotype 3 had a low but statistically insignificant probability of
causing invasive disease (OR of 0.15; 95% confidence interval
[CI] of 0.01 to 1.06) (P = 0.05).

Molecular characterization. Of 467 serotype 3 isolates from
Gauteng Province, South Africa, 140 (30%) were randomly
selected for PFGE characterization. Two isolates were nonsus-
ceptible to trimethoprim-sulfamethoxazole. PFGE results were
available for 86% (120/140) of the serotype 3 invasive isolates

Non-serotype 3 cases per 100,000 population

<1 1-4 5-9 10-14

15-24 25-44 45- 64 >64

Age group (years)
FIG. 1. Annual age-specific incidence rates of non-serotype 3 invasive pneumococcal disease (n = 3,347) and serotype 3 disease (n = 118) in

South Africa in 2005.
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from Gauteng Province (including 2 nonsusceptible isolates),
63% (25/40) of national antimicrobial nonsusceptible isolates,
the MDR strain isolated in 1987, and 11 of the 14 carriage
isolates. The isolates were grouped into 3 PFGE clusters and
36 unrelated isolates (Fig. 2). The largest PFGE cluster, cluster
A, represented 54% (84/155) of all isolates, including 52%
(62/120) of invasive isolates randomly selected from Gauteng
Province and 91% (10/11) of carriage isolates from the same
province. Fourteen isolates from cluster A, including five
nonsusceptible isolates, were characterized as ST458. One
isolate was novel ST1765, which shares four alleles with
ST458. A large proportion of nonsusceptible isolates, in-
cluding one MDR strain was also included in cluster A (14/25
[56%]). Comparison of data from nasopharyngeal carriage iso-
lates of children from Gauteng province and data from IPD
isolates of children from the same province and age group (0 to
2 years) revealed that carriage isolates were more likely to
belong to cluster A than IPD isolates were (10/11 [91%] versus
8/18 [44%]; P = 0.019).

Cluster B represented 12% (18/155), 17 of which were inva-
sive isolates from Gauteng Province in South Africa and 1 was
a carriage isolate. Three isolates of this cluster were identified
as ST180. Cluster B also included three nonsusceptible iso-
lates, two of which were MDR. Two of these nonsusceptible
isolates were characterized as ST700 and ST2837, respectively,
which differ from each other by one allele and share only two
common alleles with ST180. Cluster C represented 10% (16/
155) of the isolates, of which 4 were nonsusceptible. Four
isolates were identified as ST378. The MDR strain from 1987
was unrelated to any other isolate and was identified as a new
sequence type (ST2834).

Twenty (14%) of the 140 serotype 3 strains from Gauteng
Province in South Africa and 15/40 (38%) nonsusceptible strains
did not yield PFGE fingerprint patterns despite repeated at-
tempts to perform characterization using this method. BOX-
PCR showed that 19 isolates from Gauteng Province were
unrelated, and only three were clustered with isolates identi-
fied as ST458 (data not shown). Compared to all of the Gau-
teng isolates with PFGE results, Gauteng isolates character-
ized by BOX-PCR were less likely to belong to cluster A (3/20
versus 62/120; P < 0.001]). Seven of 12 antimicrobial-resistant
strains characterized by BOX-PCR were identical and were
grouped together with three susceptible isolates identified as
ST458.

DISCUSSION

The burden of pneumococcal disease is known to be highest
in young children less than 5 years old and in the elderly (29).
Similarly, our data showed the highest incidence to be in chil-
dren younger than 1 year old. However, a second peak was
observed in young adults, and serotype 3 strains were more
likely than other serotypes to cause disease in this age group.
This may be explained, in part, by the high incidence of HIV-
infected individuals in this age group. Data collected over a
2-year period (1984 and 1985) from a South African hospital in
Gauteng Province in South Africa showed that serotype 3
caused higher case fatality ratios than other serotypes (10).
High mortality rates have also been observed in serotype 3
cases from other countries, including Spain and the United
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States (14). We found high case fatality ratios in this popula-
tion dominated by HIV-infected individuals, with no difference
between serotype 3 compared with non-serotype 3 cases.

Serotype 3 isolates from a number of countries, including
Taiwan, Japan, and Switzerland, have been shown to have
lower rates of antimicrobial resistance (17, 19, 26). The major-
ity of South African isolates displayed a similar trend by show-
ing susceptibility to most of the antimicrobial agents tested.

Three independent studies that used odds ratios to esti-
mate the invasiveness of serotypes and clones found sero-
type 3 prevalence to be higher in carriage isolates in chil-
dren than in invasive isolates, but not significantly so (4, 12,
31). Our data showed a similar trend. ST458, as inferred by
PFGE clusters, was predominant among both invasive and
carriage isolates from South African children.

Serotype 3 has been shown to be clonal, with ST180 pre-
dominating among serotype 3 isolates from many countries,
including the United States, Scotland, and Poland (2, 6, 28). In
contrast, three clones were found among serotype 3 isolates
from South Africa, and ST180 was not the most common
sequence type. ST458 was identified in selected isolates from
the predominant PFGE cluster, which also included MDR strains
and 91% of carriage isolates. Similarly, a study in Ghana showed
that all seven serotype 3 strains isolated from meningitis patients
from two different districts in 2001 were ST458 (22). This clone
was also identified among four serotype 3 strains causing menin-
gitis from 1998 to 2003 in Egypt (33) (Pneumococcal Molecu-
lar Epidemiology Network website [http://www.sph.emory.edu
/PMEN/pmen_ww_spread_clones.html]). Recently, Porat et al.
(27), reported 21% (11/52) of serotype 3 isolates from Israeli
pediatric patients with noninvasive infections during 2003 to
2005 to be ST458. The same study showed that carriage and
noninvasive serotype 3 isolates from Costa Rica and Lithuania
were unrelated to this clone. These findings suggest that iso-
lates belonging to ST458 may be more prevalent among sero-
type 3 isolates from African and Middle Eastern countries than
from other parts of the world.

The documentation of strain identity within serotypes is
important to monitor capsular switching, particularly in the era
of conjugate vaccines. The present study provides genetic char-
acterization of serotype 3 isolates circulating before the rou-
tine use of PCV-7. None of the MLST clones identified have
previously been found to be associated with other serotypes
(pneumococcal MLST database [http:/spneumoniae.mlst.net
/sql/burstspadvanced.asp]), indicating a lack of evidence for
capsular switching among these strains.

Some isolates did not yield PFGE patterns after at least two
attempts to perform characterization and were therefore char-
acterized by BOX-PCR to try and establish the reason for the
failed PFGE. This was also verified by performing BOX-PCR
on some isolates for which both a sequence type and PFGE
pattern was available. For isolates with no available PFGE
pattern, BOX-PCR showed diversity among the isolates from
Gauteng Province in South Africa; however, the nonsuscep-
tible isolates were clonal, and cluster A was predominant. The
reason for this observation and the failure to generate PFGE
patterns for some isolates is unclear, but it may be attributed to
variations in the amount of capsule expressed in these isolates.
Serotype 3 capsules exhibit a mucoid phenotype on blood agar
and are occasionally difficult to lyse in vitro.
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FIG. 2. Schematic dendrogram showing pulsed-field gel electrophoresis (PFGE) clusters of 118 isolates randomly selected from serotype 3
isolates causing invasive pneumococcal disease in Gauteng Province, South Africa, in 2000 to 2005; 25 national antibiotic-resistant serotype 3
strains (2000 to 2005); a 1987 multidrug-resistant serotype 3 isolate (isolate C4023, which is located second from the bottom on the dendrogram);
and 11 nasopharyngeal isolates from Gauteng Province in 2007 to 2008 (shown in boxes). Province abbreviations: GA, Gauteng; KZN, KwaZulu-
Natal; NW, North-West; MP, Mpumalang. Antibiotic abbreviations used in the Antibiogram column: P, penicillin G; R, rifampin; M, tri-
methoprim-sulfamethoxazole; T, tetracycline; E, erythromycin: L, clindamycin.
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Carrico and colleagues analyzed the relationship between
PFGE clusters and MLST when using an 80% similarity cutoff
by calculating the Wallace coefficient, which measures the
probability that two strains sharing a genotype by one method
also share the same genotype by another method (5). In their
study, serotype 3 had the lowest Wallace coefficient value,
indicating an absence of any correspondence. Overall, we ob-
served good correlation between PFGE clusters and sequence
types; however, this may account for the discrepancy observed
between PFGE and MLST results for 3 isolates, where unre-
lated sequence types were grouped together by PFGE. PFGE
profiles for these strains differed by three or less bands, indi-
cating relatedness according to the Tenover criteria (32).

The higher proportion of serotype 3 isolates related to
ST458, compared to the global clone ST180 predominating
among serotype 3 isolates from many Northern Hemisphere
countries, highlights the geographic differences in serotype dis-
tribution and emphasizes the need for surveillance of isolates
from South Africa and other African countries.
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