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Abstract 

Introduction: South Africa introduced seven-valent pneumococcal conjugate vaccine 

(PCV7) in 2009 and PCV13 in 2011. We aimed to compare the estimated impact of 

PCV on pneumococcal meningitis (PM) to impact of PCV on total invasive 

pneumococcal disease (tIPD) based on risk reduction after PCV introduction.  

Methods: We conducted national, laboratory-based surveillance for tIPD during 2005-

2016. We estimated and compared rates of PCV13 and non-PCV13 serotype disease 

among tIPD and PM in individuals aged <5 years and ≥5 years, and compared these 

rates between the 2005-2008 pre-PCV introduction period and two time points after 

PCV introduction, 2012 and 2016. 

Results: We enrolled 45,853 tIPD cases; 17,251 (38%) were PM. By 2016, IPD caused 

by all serotypes decreased 55% (95%CI -57% to -53%) for tIPD, and 54% for PM 

(95%CI -58% to -51%), 0.7% difference between estimates (p=0.7). No significant 

differences were observed between PCV7-serotype disease reduction in tIPD and PM 

in both age groups or the additional 6 serotypes included in PCV13 in <5 year olds in 

2012 and 2016.  In 2012 there was a significant difference between increases in non-

PCV13 serotype disease in those ≥5 years for tIPD and PM (32% greater increase in 

PM, p<0.001), but this difference was absent by 2016. There was a significant 

difference between the estimated decrease in additional PCV13 type disease in 2016 

between tIPD and PM for those aged ≥5 years (28% greater reduction in PM, 

p=0.008).  

Conclusion: PM showed similar reductions to tIPD seven years after PCV introduction 

in vaccine serotype disease in those <5 years, and increases in non-vaccine serotype 

disease in all ages.  

Words: 263/300 

Keywords: Streptococcus pneumoniae; invasive disease; meningitis; conjugate 
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Abbreviations: IPD: invasive pneumococcal disease; PM: pneumococcal meningitis; 

tIPD: total IPD; nmIPD: non-meningitis IPD; PCV: pneumococcal conjugate vaccine; 

EPI: expanded program on immunization. 
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Introduction 

Invasive pneumococcal disease (IPD) is the infection of a normally sterile site with 

Streptococcus pneumoniae, causing primarily meningitis or bacteraemia. The young, 

the elderly, and individuals with underlying illnesses, especially those infected with 

HIV, are at increased risk of IPD.[1, 2]  

The 7-valent pneumococcal conjugate vaccine (PCV7) was introduced into the South 

African expanded program on immunization (EPI) in 2009, and the 13-valent PCV 

(PCV13) in April 2011.[2] PCV13 is administered as two doses at 6 and 14 weeks of 

age, and a booster at 9 months.[3] The World Health Organization (WHO) and The 

United Nations Children's Fund (UNICEF) vaccine coverage estimates for receiving a 

third dose of PCV in South Africa were 70% in 2012 and 69% in 2016.[4]  

IPD surveillance has been used in several countries, including South Africa, to assess 

the impact of PCV on IPD after its introduction in EPI. Compared to the pre-vaccine 

period, the rate of total IPD (tIPD) caused by all serotypes in South Africa declined by 

69% and 34% by 2012 among individuals aged <2 years and 25-44 years, 

respectively.[5] In this study the decrease in IPD rates was not only attributable to the 

success of PCV, but also better HIV detection and treatment programmes.[5, 6] 

Surveillance for invasive disease varies across countries and programmes, with some 

countries implementing only cerebrospinal fluid (CSF) surveillance for meningitis, 

whereas others conduct surveillance that also includes other normally sterile sites 

such as blood, joint, or pleural fluid. Due to limited resources in many African countries, 

blood coulters are not performed routinely,[7] and WHO suggested invasive disease 

monitoring based on meningitis surveillance for the identification of, mainly, Neisseria 

meningitidis, S. pneumoniae and Haemophilus influenzae serotype b.[8, 9]   

There are few data to support whether assessing the impact of PCV using 

pneumococcal meningitis (PM)-only surveillance provides similar estimates to tIPD. 

We aimed to assess whether results from PM surveillance only can be used as proxies 

for the impact of PCV on tIPD across different age groups in South Africa during 2005-

2016.  

Materials and methods 

IPD surveillance 

IPD surveillance was conducted under GERMS-SA, which is an active, laboratory-

based surveillance programme focusing on an array of bacterial and fungal pathogens 

including S. pneumoniae.[10] As part of GERMS-SA, laboratories at the National 

Institute for Communicable Diseases (NICD) receive clinical isolates and specimens 

from both private and public laboratories across South Africa based on specified case 

definitions. Duplicate results from the same patient in a 21-day period were excluded 

through matching of patient demographics. In the 11-year period, the number of 
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laboratories submitting isolates increased from 94 in 2005 to 189 in 2016, with 22-29 

enhanced surveillance sites providing additional clinical information on IPD patients, 

depending on the year. Information collected at enhanced sites included symptoms, 

diagnosis, outcome, admission and outcome date, antibiotic use, vaccination 

information, HIV status and pre-disposing conditions. Enhanced surveillance sites 

were chosen for convenience and were not representative of all surveillance sites in 

the country.[11] In addition to the specimens received at NICD, the Corporate Data 

Warehouse (CDW) of the National Health Laboratory Service (NHLS) was searched 

for any positive pneumococcal laboratory result to identify any IPD cases not reported 

to NICD. These cases would not have any serotyping data available. This database 

stores the results for all laboratory tests performed in the public sector, nationally, 

which services approximately 80% of the South African population.[12] 

Study population and case definition 

The laboratory network used for GERMS-SA serves almost the entire South African 

population, and includes laboratories that serve the public and private sector. The 

estimated population under surveillance ranged from 47.6 million in 2005 to 55.9 

million in 2016. [13] All cases of IPD identified through GERMS-SA during 1 January 

2005 to 31 December 2016 were included in the analysis. A case of IPD was defined 

as a positive test for S. pneumoniae on culture or polymerase chain reaction (PCR), 

or latex antigen test and corresponding Gram stain from a normally sterile-site 

specimen (e.g. CSF, blood, joint, or pleural fluid) in a hospitalized patient. For this 

analysis, tIPD was defined as IPD diagnosed from all specimen types, PM as IPD 

diagnosed from CSF only, and non-meningitis IPD (nmIPD) as diagnosed from all 

specimen types excluding CSF. Pneumococcal serotypes were determined from all 

culture-positive specimens using the Quellung reaction (Statens Serum Institute, 

Copenhagen, Denmark). IPD was classified into three groups based on the 

pneumococcal serotype causing diseases as follows: (i) serotypes included in PCV7 

(4, 6B, 9V, 14, 18C, 19F and 23F); (ii) additional serotypes included in PCV13 (1, 3, 

5, 6A, 7F and 19A); and (iii) non-PCV13 serotypes. This was done to specifically 

assess the effect of the two PCVs on PCV serotypes and potential serotype 

replacement by non-PCV serotypes. 

Data analysis 

For IPD cases with missing information on age and serotype, we assumed the same 

proportion of cases within groups as among those with available information each year 

and within each syndrome. The age-specific proportion of the above defined serotype 

groups was used. 

To assess trends of IPD over time, we calculated the annual rates of tIPD, PM and 

nmIPD by dividing the total number of cases (from enhanced and non-enhanced sites) 

by the annual mid-year population estimates obtained from Statistics SA.[13]  
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To assess the impact of PCV on tIPD and PM we compared the disease rates during 

a pre-PCV introduction period (mean annual rate during 2005-2008) and two separate 

years following the introduction of PCV13 (2012 and 2016) using a log-binomial model. 

A log binomial model was selected because it allows to estimate rate ratios from binary 

data and subsequently the percentage differences in rates between two or more 

categories. Based on the WHO recommendation to assess PCV impact at least three 

years after its introduction,[14] we chose 2012, and also 2016 to further investigate 

the full impact of the vaccine including potential non-PCV13 serotype replacement. 

We expressed the vaccine impact as the percentage difference in rates during the pre- 

and post-PCV introduction periods, calculated as the rate ratio (RR) from the log-

binomial model minus 1 multiplied by 100. A negative percentage difference indicated 

a rate reduction, whereas a positive percentage difference indicated a rate increase 

between the pre-PCV introduction period and the evaluated post-PCV introduction 

years.   

We compared PCV impact on PM to that on tIPD. This was obtained by contrasting 

the RR of PM of the post- (2012 or 2016) vs. pre-PCV (2005-2008) introduction years 

to that of tIPD through the inclusion of an interaction term for PCV period (2012 or 

2016 vs. 2005-2008) and syndrome (PM vs. tIPD) in the log-binomial model. We 

expressed the differential impact of PCV on PM vs. tIPD as percentage effect 

difference calculated as the RR of the interaction term minus 1 multiplied by 100. A 

negative percentage effect difference indicated a lower RR of the post- vs. pre-PCV 

introduction periods (i.e., higher decreases in PCV serotypes or lower increases in 

non-vaccine serotypes) among PM compared to tIPD, whereas a positive percentage 

effect difference indicated a higher RR of the post- vs. pre-PCV introduction periods 

(i.e., lower decreases in PCV serotypes or higher increases in non-PCV serotypes) 

among PM compared to tIPD.   

The significance of all rate comparisons were assessed at p<0.05. All PCV impact 

analyses were implemented overall (i.e., all ages and serotypes) and among 

individuals aged <5 or ≥5 years and/or serotype groups (i.e., PCV7 serotypes, 

additional PCV13 serotypes and non-PCV13 serotypes). For the non-stratified 

analysis, all estimates were adjusted by age and serotype categories reported above 

as appropriate. We did not adjust for trends or seasonality. The statistical analyses 

were conducted using Stata 14.2 (StataCorp©, College Station, Texas, USA). 

As a sensitivity analysis, we repeated the analysis to compare PCV impact on PM to 

that on nmIPD to evaluate the difference in impact when one of the comparison groups 

is not a subset of the other. To understand possible differences in the effects of PCV on the 

two syndromes, we also assessed the differences between patients with PM and nmIPD 

during the pre- and post-PCV periods, using unconditional logistic regression with IPD 

type (PM or nmIPD) as the outcome variable. The analysis was implemented for two 

periods; before PCV introduction (2005-2008) and after PCV introduction (2013-2016), 

excluding the transition period after the introduction of PCV (2009-2012).  Only cases 

from enhanced sites were included in this analysis. For the multivariable model we 
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assessed all variables that were significant at p<0.2 on univariate analysis, and 

dropped non-significant factors (p≥0.05) with manual backward elimination. 

Ethical considerations 

Ethics approval for GERMS-SA surveillance was obtained from the Human Research 

Ethics Committee (Medical), University of Witwatersrand (clearance numbers 

M140159, M081117, M021042) and from relevant University and Provincial Ethics 

Committees for the enhanced surveillance sites. GERMS-SA surveillance was 

considered non-research by the US Centers for Disease Control and Prevention, CDC 

non-research determination NRD#CGH2014-166. Ethics approval for secondary data 

analysis in this study was granted by the University of Pretoria Faculty of Health 

Sciences Research Ethics Committee (reference number 433/2016).   

Results 

During 2005-2016, we identified 45,853 cases of tIPD, of which 17,251 (38%) were 

PM. A quarter of tIPD cases (11,119) were in children younger than five years. Of the 

total cases, 9,281 (20%) were identified through CDW audits. The annual percentage 

of missing information for PM ranged between 4-11% for age and 26-38% for 

serotypes and for nmIPD ranged between 1-5% for age and 21-31% for serotypes. 

Time trends of tIPD, PM and nmIPD rates during 2005-2016 

A downward trend of all serotype IPD rates was observed for all syndromes following 

PCV introduction (Figure 1-3, Supplementary Figure 1). tIPD in those aged <5 years 

decreased from 31.8 cases per 100,000 population in 2005 to 7.0 cases per 100,000 

population in 2016, and in those aged ≥5 years from 7.7 cases per 100,000 population 

in 2005 to 4.0 cases per 100,000 population in 2016. This decrease was driven by 

marked reductions in rates of PCV7 serotype disease from 2009-2010 and, additional 

PCV13 serotype disease from 2011-2012 onward. This trend was observed across 

age groups and syndromes, but it was marked among children aged <5 years. An 

increase in non-PCV13 serotypes was observed across age groups and syndromes 

following PCV introduction.  
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Figure 1. Trends of total invasive pneumococcal disease (IPD) incidence during 2005-2016, in all ages 
(A), those <5 years (B), and ≥5 years (C) by serotype group, South Africa. Serotype groups classified 
by pneumococcal conjugate vaccine; PCV7 serotypes: 4, 6B, 9V, 14, 18C, 19F and 23F; Adiditonal 
PCV13 serotypes: 1, 3, 5, 6A, 7F and 19A; non-PCV13 serotypes: all serotype groups not in PCV13. 
*y-axis scales not uniform across figures. 

 



Page 8 of 15 
 

 

Figure 2. Trends of pneumococcal meningitis (PM) incidence during 2005-2016, in all ages (A), those 
<5 years (B), and ≥5 years (C) by serotype group, South Africa. Serotype groups classified by 
pneumococcal conjugate vaccine; PCV7 serotypes: 4, 6B, 9V, 14, 18C, 19F and 23F; Adiditonal PCV13 
serotypes: 1, 3, 5, 6A, 7F and 19A; non-PCV13 serotypes: all serotype groups not in PCV13. *y-axis 
scales not uniform across figures. 

 



Page 9 of 15 
 

 

Figure 3. Trends of non-meninigitis invasive pneumococcal disease (nmIPD) incidence during 2005-
2016, in all ages (A), those <5 years (B), and ≥5 years (C) by serotype group, South Africa. Serotype 
groups classified by pneumococcal conjugate vaccine; PCV7 serotypes: 4, 6B, 9V, 14, 18C, 19F and 
23F; Adiditonal PCV13 serotypes: 1, 3, 5, 6A, 7F and 19A; non-PCV13 serotypes: all serotype groups 
not in PCV13. *y-axis scales not uniform across figures. 
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Comparison of vaccine impact on tIPD and PM  

PCV impact in 2012 

In 2012, compared to 2005-2008 there was a statistically significant reduction in PCV7 

and additional PCV13 serotype tIPD rates across age groups. The greatest decrease 

(-88.4%) in tIPD rates occurred in PCV7 serotypes in children younger than five years 

from the baseline period to 2012, and the smallest decrease (-28.3%) occurred in the 

additional PCV13 serotypes in individuals aged 5 years and older (Figure 4.a, Table 

S1). This was observed also among PM (percentage difference range: -89.9% to -

26.5%). The percent effect difference in rate reduction on PCV7 and additional PCV13 

serotypes for PM compared to tIPD ranged between -13% and 18%. No statistically 

significant differences in the percent effect reduction between PM and tIPD were 

observed in the above mentioned comparisons.  

 

Figure 4.  Percentage difference in rates of total invasive pneumococcal disease (tIPD, green squeres) 
and pneumococcal meningitis (PM, yellow triagles) between 2005-2008 (pre-PCV introduction) and 
2012 (post-PCV introduction) (a)  and percentage effect difference in rate changes between 2005-2008 
and 2012 for PM (yellow triagles) compared to tIPD (green squeres) (b), South Africa, 2005-2012. 
Percentages on graph indicate percentage effect difference in rate changes between (a) 2005-2008 
and 2012 and (b) 2005-2008 and 2016 for PM compared to tIPD. Values >0 indicate an increase in the 
rate between baseline and the period under study, and values<0 indicates a decrease. Blue values 
show differences with p-value ≥0.05 (not statistically significant) and red values differences with p-
values <0.05 (statistically significant difference between the effect of PCV on PM and tIPD. Error bars 
indicate 95% confidence interval of percentage difference in rate estimate. 
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Across age groups the increases in non-PCV13 serotypes rates between 2005-2008 

and 2012 (percentage difference) ranged between 13% and 22% for tIPD and between 

25% and 61% for PM. These increases were highest among individuals aged ≥5 years. 

The PCV percent effect difference in rate increase on non-PCV13 serotypes PM 

compared to tIPD ranged between 11% to 32% with statistically significant differences 

observed among individuals aged ≥5 years (percent effect difference: 32%, p<0.001) 

and all ages (percent effect difference: 29%, p<0.001).  

PCV impact in 2016 

In 2016, compared to 2005-2008 there was a statistically significant reduction in PCV7 

and additional PCV13 serotype tIPD rates across age groups (percentage difference 

range: -96 % to -70%) and this reduction was highest among children aged <5 years. 

This was observed also among PM (percentage difference range: -97% to -79%) 

(Figure 4.b, Table S2). The percent effect difference in rate reduction on PCV7 and 

additional PCV13 serotypes PM compared to tIPD ranged between -29% and -1% with 

statistically significant differences for additional PCV13 serotypes observed among 

individuals aged ≥5 years (percentage effect difference: -28%, p=0.008) and all ages 

(percentage effect difference: -27%, p=0.008).  

Across age groups the increases in non-PCV13 serotypes rates between 2005-2008 

and 2016 (percentage difference) ranged between 26% and 29% for tIPD and between 

18% and 34% for PM. These increases were highest among individuals aged ≥5 years. 

The PCV percent effect difference in rate increase on non-PCV13 serotypes PM 

compared to tIPD ranged between -7% and 4%. No statistically significant differences 

of the percent effect increase between PM and tIPD were observed in these groups. 

Similar trends were observed when comparing the impact of PCV on PM and the 

impact of PCV on nmIPD, for both periods under study (Table S3 and S4). There was 

however a significant difference between nmIPD and PM reductions from baseline to 

2016 for the decrease of PCV7 serotype disease in individuals aged ≥5 years, with a 

35% greater decrease in nmIPD compared to PM (p=0.001). 

Comparison of patients with PM and nmIPD 

At the enhanced sites there were 8,853 and 3,923 cases of tIPD during 2005-2008 

and 2013-2016, of which 2,233 (25%) and 1,148 (29%) were PM, respectively. The 

prevalence of HIV infection amongst the nmIPD cases was 25% and 29% in 2005, 

and 10% and 26% in 2016 for those aged <5 years and ≥5 years, respectively. For 

PM cases, the HIV prevalence was 17% and 14% in 2005, and 7% and 18% in 2016 

for those aged <5 years and ≥5 years, respectively. During 2005-2008, on 

multivariable analysis compared with nmIPD, PM patients were more likely than 

nmIPD patients to be aged <1 years compared to 1-14 years (adjusted odds ratio 

[aOR]: 1.5; 95% CI: 1.2-1.9), to be admitted for ≥6 days (aOR: 2.4; 95% CI: 1.9-3.0), 

to be infected with non-PCV13 serotypes (aOR: 1.4; 95% CI: 1.1-1.7), to have received 

antibiotics 24 hours prior to admission (aOR: 2.3, 95%CI 1.5-3.5) and to die (aOR: 5.0; 
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95% CI: 4.0-6.4), but were less likely to be HIV-infected (aOR: 0.7; 95% CI: 0.6-0.9) 

and to have pre-disposing medical conditions (aOR: 0.4; 95% CI: 0.3-0.6). Provincial 

differences were also observed (Table S5).  

Similar differences between PM and nmIPD were observed during 2013-2016 (Table 

S6), although HIV infection did not differ significantly between patients with PM and 

those with nmIPD. Furthermore, in the post-PCV period, patients with PM were more 

likely than patients with nmIPD to have received antibiotics during admission (aOR 

1.7; 95% CI: 1.0-2.7), and less likely than patients with nmIPD to be smoking (aOR 

0.7; 95% CI: 0.5-1.0) or to be older than 64 years (aOR 0.2; 95% CI: 0.1-0.4). 

Discussion 

We observed marked reductions in IPD from 2005 to 2016 in those aged <5 years and 

those aged ≥5 years when looking at both PM and tIPD rates. In our setting, there was 

a similar impact of PCV on PM and tIPD disease estimates obtained from routine 

surveillance. However, the changes in IPD rates between the baseline period (2005-

2008) and the post-PCV introduction time point were more comparable when 

considering a longer period after vaccine introduction. The direct effect of PCV on PM 

and tIPD in children aged <5 years were similar for PCV7 serotype disease by 2012, 

and PCV13 serotype disease by 2016. There was greater variation in estimates for 

the increase of non-PCV13 serotypes disease between PM and tIPD in all ages, but 

this variation was only significant for the shorter period after PCV introduction (2012). 

By 2016, the estimates of non-PCV13 serotype disease increases were similar for PM 

and tIPD.  

The underestimation of the impact from baseline to 2012 for any serotype PM as 

compared to tIPD was driven by minimal rate reduction among individuals aged ≥5 

years with PM. By 2016, the PM estimate was similar to the tIPD estimate and the 

differences at the two time points may be due to a higher rate of serotype replacement 

in PM as compared to tIPD in 2012. High rates of serotype replacement specifically in 

PM after the introduction of PCV7 have been described in previous studies. In France, 

overall PM only reduced after the introduction of PCV13 and not PCV7, due to initial 

serotype replacement by serotypes that were then included in PCV13.[15] The reason 

for greater effect differences earlier after the vaccine introduction, cannot be attributed 

to differences between patient characteristics in the pre- and post-PCV period, as 

differences between patients with PM and those with nmIPD were similar between 

2005-2008 and 2013-2016. 

Although we observed a few statistically significant differences in effects from baseline 

to 2016 for the percentage difference of PM and tIPD rates, these differences were 

<40% in both directions. This suggests that overall PM surveillance results can reflect 

the impact of PCV on tIPD, although the specific setting should be considered, keeping 

in mind the type of surveillance and absolute number of cases identified.   
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Although several studies have been published assessing the impact of PCV on 

different syndromes, there have not been many studies directly comparing the effect 

of PCV on tIPD and the effect of PCV on PM. We compared the impact of PCV on PM 

to tIPD, of which PM is a subset of. This comparison was chosen in order to establish 

if the impact of PCV on PM reflects the impact of PCV on tIPD, and not whether the 

impact of PCV is the same on PM than on nmIPD. In our sensitivity analysis, we saw 

similar differences when comparing PM and nmIPD rate changes than when 

comparing PM and tIPD rate changes. In our setting, PM made up 38% of tIPD cases 

nationally, which we acknowledge may be different in other countries and surveillance 

systems. We did not investigate the minimum relative proportion of PM cases needed 

to estimate the impact of PCV on tIPD by using PM data in this study. 

In a previous study that compared rates of PM and nmIPD in children <5 years, a 

significant decrease was only observed in nmIPD, and may be due to the small number 

of PM cases identified[17]. The active surveillance system only identified 424 PM 

cases in the 15-year period[17], whereas our study included 17,251 PM cases from a 

11-year period, providing more power to show significant reductions.  

Our study had some limitations. Firstly, approximately 30% of serotype information 

was missing and was imputed from cases with available information. Using this 

approach, an error could have been introduced if such information was not missing at 

random. Secondly, we did not compare the impact of PCV in HIV-infected and HIV-

uninfected individuals since we only had HIV status information on 30% of cases. It 

has been shown that among HIV-infected individuals the reduction in vaccine serotype 

IPD rate was greater, and that serotype replacement may be less apparent than in 

individuals not infected with HIV[5] but it is unknown whether the effect will be different 

between PM and nmIPD. By not stratifying the analysis by HIV status, we were unable 

to investigate this effect which may be important when considering using the impact 

of PCV on PM as a proxy of the impact of PCV on tIPD. However, we did see that 

although patients with PM were less likely to be infected with HIV than patients with 

nmIPD prior to the introduction of PCV (2005-2008), in the post-PCV period (2013-

2016) there was no difference in HIV co-infection between patients with PM and 

nmIPD in the multivariable model. This is most likely due to the upscaling of HIV 

detection and treatment programmes since 2007[6] allowing more HIV-infected 

individuals to access care and reducing vulnerability to opportunistic infections. We 

did not adjust for disease trends or seasonality. A general downward trend was 

observed for both PM and nmIPD and since annual rate percentage differences were 

used, should not influence the results. 

In conclusion, the PCV impact estimate for PM was similar to that of tIPD. The vaccine 

direct effect on reduction in vaccine serotype disease in children aged <5 years, the 

indirect effect of the vaccine on vaccine serotype disease in individuals aged ≥5 years, 

and the increase in non-vaccine serotype disease in all ages can be shown with PM 

data, especially after several years of surveillance after vaccine introduction. There 

were greater differences between PM and tIPD estimates earlier post-vaccine 
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introduction, which may be influenced by the different association of serotypes with 

PM and nmIPD. Countries where syndromic meningitis surveillance is implemented 

may be able to infer the effect of the vaccine on tIPD through PM surveillance only if 

sufficient number of cases are identified and sufficient data from baseline years are 

available. PM incidence thresholds to confidently use surveillance of PM as a proxy 

for tIPD warrants investigation. 
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