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Abstract

A description of invasive Streptococcus pneumoniae isolates over a 5-year period from blood culture
and cerebrospinal fluid culture follows, in Pretoria South Africa January 2005 through December 2009.
Isolates were identified using standard microbiological techniques, serotyped, and a MIC determined for
penicillin and cefotaxime. A total of 177 isolates were included in the analysis. Eighty percent of patients
in the 18- to 45-year age group tested positive for HIV. In children b5 years of age, 66% (n = 49) of
serotypes were those present in the heptavalent pneumococcal conjugate vaccine (PCV-7). Fifty-nine
percent (n = 29) were from PCV-7 serotypes in the b1-year-old age group. An additional peak of invasive
disease was also seen in the 18- to 45-year age group. Only 1 of 177 isolates had resistance to penicillin
(MIC ≥2 μg/mL); none was resistant to cefotaxime. The introduction of the PCV-7 vaccine in South Africa
will decrease invasive pneumococcal disease caused by vaccine serotypes.
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Invasive pneumococcal disease has a classic biphasic distribution with toddlers and the elderly being
mainly affected (Karstaedt et al., 2001). However, with the HIV pandemic this distribution pattern has been
disturbed with a third peak in young- to middle-aged adults especially in countries with a high HIV burden
such as South Africa (Jones et al., 1998).

Serotypes associated with invasive disease and higher MICs include the following: 1, 2, 3, 4, 6A, 6B,
9V, 14, 18C, 19F, and 23F (Karstaedt et al., 2000; Hausdorff et al., 2005). In late 2008, the PCV-7
conjugate vaccine was introduced into the South African Extended Programme for Immunisation (EPI) at a
few pilot sites, with subsequent wider implementation to all primary health care clinics during 2009 (Madhi,
2008). Two primary doses are administered at 6 and 14 weeks with a booster dose administered at 9
months.

This study was carried out to describe the prevaccination serotypes in Pretoria for later postvaccination
comparison. Serotypes and antimicrobial profiles of invasive pneumococcal isolates in the Pretoria region
over a 5-year pre-vaccine introduction period were analysed.

Pneumococcal isolates from blood culture and cerebrospinal fluid (CSF) specimens submitted to the
Microbiology Laboratory at the Tshwane Academic Division (National Health Laboratory Service) in
Pretoria for the 5-year study period extending from January 2005 to December 2009 were analysed. Only
single unique isolates per patient were used in the analysis.
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The laboratory serves 2 tertiary academic teaching hospitals (Steve Biko Academic Hospital, Kalafong
Academic Hospital) and 3 district level hospitals (Tshwane District Hospital, Pretoria West Hospital, and
Mamelodi Hospital).

Isolates were identified according to standard laboratory methods. MIC values for penicillin and
cefotaxime were determined using the Etest® AB BIODISK (Solna, Sweden). MIC values were
interpreted according to the Performance Standards for Antimicrobial Susceptibility Testing of the Clinical
and Laboratory Standards Institute. Isolates were sent to the Respiratory and Meningeal Pathogens Unit
at the National Institute for Communicable Diseases for serotyping. Isolates were serotyped by the
Quellung method using specific antisera (Statens Serum Institut, Copenhagen, Denmark).

Isolates without sufficient data (patient age not recorded, MIC for penicillin or cefotaxime or serotyping
not performed) were excluded from analysis.

Over the 5-year study period, there were a total of 192 single-patient isolates, 15 of which were
excluded. Of the remaining 177 isolates, 49 (28%) isolates were from children aged b5 years and 115
(65%) from those aged N18 years (Table 1).

Of the 177 patients, HIV results were available in 79 patients. Of those tested, 16 (70%) of 23 were
positive for HIV in the b5-year age group. In the 18- to 45-year age group, 33 (81%) of 41 tested positive
for HIV.

Among the 49 isolates from the b5-year age group, 30 (61%) were from the b1-year age group. Of
these, 2 (4%) were from b1 month, 19 (38%) from 1–6 months, and 9 (18%) from 6–12 months.

The current PCV-7 vaccine serotypes (4, 6B, 9V, 14, 18C, 19F, 23F) accounted for 42% (75 of 177) of
all isolates (Table 1). PCV-7 vaccine serotypes in the b5-year age group accounted for 67% (33 of 49) and
specifically in the b1-year vaccine age group, 63% (19 of 30) (data not shown). In the 18- to 45-year-old
group, the PCV-7 vaccine serotypes accounted for 28% (n = 21) of the whole group. A breakdown of the
non-PCV-7 serotypes according to age groups is included in Table 1.

The MIC values for penicillin and cefotaxime are shown in Fig. 1. The majority, 170 (96%), had a MIC
value ≤0.5 μg/mL for penicillin. The remaining 7 isolates had a MIC of 1–2 μg/mL and included the
following serotypes: 6A (n = 1), 14 (n = 3), 19F (n = 2), and 23F (n = 1). Two of these were blood culture
isolates with a MIC of 1.5 and 2 μg/mL. No isolate was resistant to cefotaxime, and 171 (96%) had a MIC
value of ≤0.5 μg/mL. Six isolates (3%) had a MIC of 1 μg/mL (serotypes: 3, 6B, 14, 19F, 23F).

The MIC50 and MIC90 for the antibiotics are shown in Table 2. The MIC50 values were higher for the
PCV-7 serotypes.

In this study, PCV-7 serotypes were isolated in 66% of invasive pneumococcal disease (IPD) in the b5-
year age group. This is similar to what has been reported from developed countries such as Spain, as
well as from developing countries such as The Gambia and South Africa (Perez-Trallero et al., 2009;
Cutts et al., 2005; Zar et al., 2008). The introduction of the PCV-7 vaccine will likely lead to a significant
reduction of IPD especially in our region with its high burden of HIV. The current South African EPI
recommends that the PCV-7 vaccine be administered at 6 and 14 weeks with a booster dose at 9
months. A similar 2-dose primary series with one booster dose was shown to be immunogenic by
Goldblatt et al. (2010).

A study in 2000 from South Africa reported 18.1% of invasive isolates from all ages and 28.9% from
children b2 years of age in all regions of South Africa as resistant (MIC ≥2 μg/mL) to penicillin (Huebner
et al ., 2000). However, in this Pretoria study, only 1 isolate out of 177 was resistant (≥2 μg/mL) and all
isolates were susceptible to cefotaxime. Thus, IPD in our area may still be adequately treated with
penicillin.

We detected a high percentage (42%) of IPD in the 18 to 45 year olds. This peak corresponds to the
HIV/AIDS epidemiologic distribution in South Africa with the peak of HIV seropositivity at 31% in this age
group (Department of Health, 2010). As expected, the HIV prevalence is increased in this population (81%)
to more than the antenatal surveillance data would suggest. The same was found in the b5-year age
group with a HIV seropositivity of 70%. The vaccination of the children with the PCV-7 vaccine may
indirectly reduce the burden of disease among this vulnerable population. This has been noted in
previous studies showing decreased colonization of children with serotypes causing IPD and thus
decreased transmission to the adult age groups (CDC, 2005).

The serotypes included in the PCV-7 vaccine cover two thirds of the serotypes found in the b5-year
age group, and the planned introduction of PCV-13 will be a welcome improvement. Furthermore, the
low prevalence of fully penicillin-resistant isolates in the Pretoria region compared to national
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Fig. 1. Penicillin and cefotaxime MIC values according to vaccine serotypes 
(n = 177). 



Table 1 
Serotypes according to age categories (n = 177) 

<5 years 6- 17 years 18-45 years >45 years Total 

Vaccine serotypes 
4 1 3 1 4 9 (5%) 
6B 10 2 4 1 17 (10%) 
9V 2 1 4 0 7 (4%) 
14 12 2 6 3 23 (13%) 
18C 1 0 0 0 1 (0.6%) 
19F 2 2 2 2 8 (4%) 
23F 5 0 4 1 10 (6%) 

Nonvaccine serotypes 
1 1 1 11 6 19(11%) 
6A 5 0 9 3 17 (10%) 
9N 0 1 2 1 4 (2%) 
12F 1 0 4 3 8 (5%) 
19A 3 1 9 2 15 (8%) 
Other 6* 0 19** 14# 39 (22%) 
Total 49 (28%) 13 (7%) 75 (42%) 40 (22%) 177 

* 5 (1); 8 (1); 15A (1); 29 (1); 33D (2). 
** 1 (11); 3 (3); 5 (1); 6C (1); 7F (1); 8 (2); llA (1); 15F (2); 16 (1); 

17F (2); 20 (1); 28 (1); 29 (1); 34 (2). 
# 1 (6); 3 (5); 8 (2); lOA (2); IIF (1); 13 (1); 18A (1); 22 (1); 35B (1). 

Table 2 
MICso and MIC90 for penicillin and cefotaxime (n = 177) 

Antibiotic MICso (flglmL) MIC90 (flglmL) 

All PCV All PCV 
serotypes serotypes serotypes serotypes 

Penicillin 0.064 0.125 0.500 0.500 
Cefotaxime 0.060 0.125 0.380 0.500 

Range 

(flg/mL) 

0.004- 2.000 
0.002- 1.000 



surveillance data is also heartening (Huebner et al., 2000). Ongoing serotype and antimicrobial
resistance monitoring following the introduction of the conjugate pneumococcal vaccine needs to
continue as serotype replacement and emergence of resistant clones have been reported elsewhere
(Messina et al., 2007).
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