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Summary: Australian national surveillance data demonstrated the risk of a recurrent episode 26 

of invasive pneumococcal disease was 27 times greater in those with a previously identified 27 

episode, when compared to the population baseline risk. 28 

29 
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Abstract 30 

Background: Individuals who experience an initial episode of invasive pneumococcal disease 31 

(IPD) are at increased risk of recurrent episodes. However, the magnitude of risk has not been 32 

well-quantified in the pneumococcal conjugate vaccine era. Individuals with a previous 33 

episode of IPD are not commonly identified as a high-risk group in vaccination guidelines. 34 

 35 

Methods: Australian residents with at least one case of IPD between 1991 and 2016 were 36 

identified using routine public health surveillance data which included identified IPD risk 37 

factors. Incidence of recurrent IPD was calculated from 2001 onwards (after IPD became 38 

nationally notifiable) using time-to-event analyses with individuals contributing person-time 39 

at risk of recurrence if they survived >14 days after initial episode onset.  40 

 41 

Results: From 1991–2016 there were 28,809 IPD episodes in 28,218 individuals. A total of 42 

512 (1.8%) persons experienced 591 recurrent episodes. From 2001–2016 the incidence of 43 

recurrent IPD was 216.2 per 100,000 person-years, 27 times greater than the population rate 44 

of primary IPD during this period (8.0 per 100,000 population per year). Between 2011–45 

2016, more than one-quarter of individuals experiencing recurrence had no IPD risk factors 46 

identified at first episode. 47 

 48 

Conclusions: There is substantially increased risk of recurrent IPD after an initial episode. At 49 

least one-quarter of those with recurrent episodes have no identified risk factors at the initial 50 

episode. Given the potential preventability of future episodes, those with a previous IPD 51 

episode should be identified as a high-risk group and receive pneumococcal vaccination. 52 

53 
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Introduction 54 

Invasive disease caused by Streptococcus pneumoniae (IPD) is associated with high rates of 55 

morbidity and mortality. Countries that have introduced universal infant vaccination 56 

programs with pneumococcal conjugate vaccines (PCV), including Australia, have seen 57 

substantial decreases in the incidence of IPD and the associated disease burden [1-3]. In 58 

addition to early life pneumococcal vaccination, older adults and individuals with specific 59 

medical conditions that increase risk of IPD are typically recommended to receive 60 

combinations of 13-valent PCV (PCV13) and 23-valent pneumococcal polysaccharide 61 

vaccines (PPV23) [4-7]. Commonly identified medical conditions that place individuals at 62 

increased risk of IPD include asplenia, immunosuppression, cerebrospinal fluid (CSF) leaks, 63 

diabetes mellitus, and chronic lung diseases. Individuals who have experienced a previous 64 

episode of IPD have been observed to be at increased risk of recurrence [8], though this 65 

group are not currently included in high-risk groups recommended to receive pneumococcal 66 

vaccination in the United States, Canada, or the United Kingdom. 67 

 68 

Despite a general awareness of this increased risk, there are few estimates of the incidence of 69 

recurrent IPD using individual person data, with the most notable study including multi-state 70 

surveillance data in the United States during the pre-PCV era (1994 to 1998) [8]. In this 71 

study, King et al. estimated a recurrence rate of 1,294 episodes per 100,000 person-years 72 

(PY), approximately 50 times the observed annual incidence of first episode (primary) IPD. 73 

Other studies have reported the proportion of individuals experiencing recurrence after an 74 

initial episode of IPD, with estimates ranging from 0.7–5.3% over periods of 3.5 to 33 years 75 

[8-18]. A number of case series have reported underlying conditions in those with recurrent 76 

IPD, commonly including HIV, solid organ and hematological cancers, chronic obstructive 77 

pulmonary disease, CSF leaks, and asplenia [9, 10, 12, 13, 15, 19-22]. However, recurrent 78 
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IPD has also been described in children with no known risk factors [23, 24] and it has been 79 

suggested that children with an initial episode of IPD should undergo immunological 80 

investigations to reveal any unidentified primary immunodeficiencies [25, 26]. Given the 81 

changes in pneumococcal vaccine composition, availability, and policies since the study by 82 

King et al., there is a lack of published information on the incidence of recurrent IPD since 83 

the widespread replacement of 7-valent pneumococcal conjugate vaccine (PCV7) with 84 

PCV13 that has occurred within the last decade. 85 

 86 

Our aim was to inform national and international pneumococcal vaccination policies by 87 

estimating the incidence of recurrent IPD in the pneumococcal conjugate vaccine era in 88 

Australia using national surveillance data and to describe independent risk factors associated 89 

with recurrence. 90 

91 
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Methods 92 

Study population and surveillance 93 

Australia is an island continent which had an estimated resident population of approximately 94 

24 million in 2016. Funded PCV7 and PPV23 vaccination programs that targeted specific 95 

population groups at increased risk of IPD existed in some states and territories from 2001 96 

until 2005, when two funded national programs were introduced: universal infant PCV7 97 

vaccination (3+0 schedule) and universal PPV23 for adults ≥65 years of age. PCV10 replaced 98 

PCV7 in the Northern Territory in 2009 until PCV13 was used Australia-wide in July 2011 99 

[27]. National coverage by 12 months of age for three doses of PCV7 (3+0) was 90.9% in 100 

2007 [28], rising to 94.1% for PCV13 (3+0) in 2016 [29].  101 

 102 

IPD has been a nationally notifiable condition in Australia since 2001. All states and 103 

territories report cases to the National Notifiable Diseases Surveillance System (NNDSS), 104 

with some reporting cases since 1991. The case definition for IPD requires either the 105 

detection of S. pneumoniae nucleic acid or isolation of S. pneumoniae in a specimen from a 106 

normally sterile site [30]. Serotyping of S. pneumoniae isolates is performed by public health 107 

reference laboratories. Subsequent positive samples meeting the case definition do not create 108 

a new notification if the same serotype is detected within 30 days of the original notification.  109 

 110 

Data sources 111 

All IPD notifications from 01 January 1996 to 30 June 2016 were extracted from NNDSS 112 

with states and territories providing unique identifiers to classify recurrent episodes. Only 113 

recurrent cases occurring in the same state or territory as the initial episode were able to be 114 

identified for this study. Surveillance data for IPD notifications routinely include age, sex, 115 

identified as an Aboriginal and Torres Strait Islander person (hereafter respectfully referred 116 
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to as Indigenous Australians), date of disease onset, date of death, risk factors for IPD, 117 

infecting serotype, clinical syndrome, and previous pneumococcal vaccination by vaccine 118 

type and date of receipt. 119 

 120 

Definitions 121 

More than one serotype detected within 14 days of the initial detection was considered a co-122 

infection. S. pneumoniae serotypes were grouped according to the pneumococcal vaccines in 123 

which they are contained (PCV7, PCV13-PCV7, PPV23-PCV13, non-vaccine type (non-VT), 124 

unknown/not typed). Time periods for analysis were chosen according to surveillance and 125 

pneumococcal vaccination strategies in Australia (1991–2000: pre-nationally notifiable; 126 

2001–2004: targeted PCV7; 2005–2011: universal infant PCV7; 2011–2016: universal infant 127 

PCV13). Previous pneumococcal vaccinations were included in this analysis if they were 128 

received greater than 14 days before date of disease onset. An IPD episode was considered a 129 

vaccine failure if the case had received 3 or more valid pneumococcal conjugate vaccines 130 

containing the antigen of the infecting serotype. Clinical syndromes were categorised by 131 

presentation and location of pneumococcal detection: bacteremia (requires absence of both 132 

meningitis and pneumonia), meningitis, pneumonia, pneumonia and meningitis, other sterile 133 

site. 134 

 135 

Risk factors 136 

Recording of risk factors for IPD is part of routine surveillance in each state and territory, 137 

with the risk factors recorded differing according to age of the individual. Risk factors for all 138 

ages included in this analysis were presence of a chronic condition, immunosuppression, and 139 

functional or anatomical asplenia. Additional risk factors for those aged <5 years included 140 



 8 

prematurity (<37 weeks gestation), presence of a congenital or chromosomal abnormality, 141 

and attendance at childcare for at least 4 hours per week. 142 

 143 

Statistical analysis 144 

Supplementary Figure 1 provides a flow chart describing the number of individuals and IPD 145 

episodes for separate analyses within this study. Population rates of primary (first episode) 146 

IPD were calculated from 2001, the year IPD became nationally notifiable, using annual mid-147 

year estimated resident populations from the Australian Bureau of Statistics. Time-to-event 148 

analysis was used to calculate the incidence of recurrent IPD per 100,000 PY. Individuals 149 

contributed person-time at risk of a recurrent episode if they survived greater than 14 days 150 

from the onset of their initial IPD. For comparisons of recurrent and primary IPD rates in the 151 

general population and by demographics, individuals ceased to contribute person-time at the 152 

onset of their second episode and data were left-censored if there were any episodes prior to 153 

2001. The recurrent IPD rate before 2001 was not calculated as national reporting was not 154 

required prior to this time, making any estimate potentially inaccurate. For estimating overall 155 

recurrence rates and rates following more than one recurrent episode, all recurrent episodes 156 

were included and individuals continued to contribute person-time if they survived greater 157 

than 14 days from any recurrent episode. When calculating rates by Indigenous status, those 158 

with Indigenous status recorded as unknown were considered non-Indigenous. Sensitivity 159 

analyses were performed excluding those who experienced a recurrent episode with the same 160 

infecting serotype within 6 months of the previous episode.  161 

 162 

Fisher’s Exact tests were used to compare proportions. Multivariable Cox proportional-163 

hazards models were constructed using a backward elimination process. Models were built 164 

after stratification by age (<5 and ³5 years at first episode) due to the routine collection of 165 
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different risk factors for these age groups. Covariables used in the models were measured at 166 

the time of the first episode to predict one episode of recurrence. Data analysis was 167 

performed using Stata IC 16.1 (Stata Corp, College Station, TX, USA). 168 

 169 

Ethics 170 

Approval for this study was granted by the Australian National University and ACT Health 171 

Human Research Ethics Committees. 172 

173 
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Results 174 

From 01 January 1991 to 30 June 2016, there were 28,809 episodes of IPD in 28,218 175 

individuals reported to the NNDSS. Of these, 512 (1.8%) persons experienced 591 recurrent 176 

episodes. Among the 512 persons with recurrent episodes, 450 (87.9%) had 1 recurrent 177 

episode, 52 (10.2%) had 2 recurrent episodes, six (1.2%) had 3 recurrent episodes, two 178 

(0.4%) had 4 recurrent episodes, one (0.2%) had 5 recurrent episodes, and one (0.2%) had 6 179 

recurrent episodes. A total of 26,695 people survived >14 days after their first recorded IPD 180 

episode and contributed a total of 233,613.4 PY at risk of recurrent disease. The proportion of 181 

individuals dying within 14 days of disease onset was similar for primary 182 

(1,523/28,218=5.4%) and recurrent (31/591=5.3%) episodes. At the time of the first episode, 183 

compared to those who only experienced a single episode of IPD, a higher proportion of 184 

those who went on to have recurrent episodes were aged 18–64 years or were an Indigenous 185 

Australian (Table 1). Overall recurrence rates were highest among Indigenous Australians or 186 

those aged <2 years or 35–49 at the time of the first episode (Table 2).  187 

 188 

Primary and recurrent IPD rates 189 

From 2001 until the end of the study period, the annual rate of primary IPD was 8.0 per 190 

100,000 population per year and the rate of first IPD recurrence was 216.2 (95% CI: 197.9–191 

236.2) per 100,000 PY, approximately 27 times the rate of primary IPD. The median time 192 

between first and second episodes was 1.5 years (IQR: 0.6–3.3 years; range 14 days–18.7 193 

years). For those with multiple recurrent episodes, the incidence rate and probability of 194 

further recurrence increased after each individual episode (Table 3, Figure 1). Individuals 195 

who had a first IPD episode of concurrent meningitis and pneumonia experienced a 196 

significantly higher rate of a second episode (1,095.7 per 100,000 PY; 95% CI: 492.3–197 

2,439.0) when compared to the risk of a further episode in those with an initial episode of 198 
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bacteremia IPD (262.2 per 100,000 PY; 95% CI: 216.9–316.9), meningitis-only IPD (329.9 199 

per 100,000 PY; 95% CI: 229.2–474.7), or pneumonia-only IPD (274.3 per 100,000 PY; 95% 200 

CI: 240.3–313.2). 201 

 202 

Underlying conditions and risk factors 203 

At the time of the first episode, a significantly higher proportion of those who subsequently 204 

experienced recurrence were identified as having functional or anatomical asplenia, chronic 205 

illnesses, being immunocompromised, and for those aged <5 years, as having a congenital or 206 

chromosomal abnormality (Table 4). Nearly half (243/512) of all individuals who had 207 

recurrent IPD had no risk factor identified through surveillance at the time of the initial 208 

episode, though this proportion decreased in each time period analysed (1991–2000: 97.8%; 209 

2001–2004: 49.7%; 2005–2011: 42.9%; 2012–2016: 28.1%). There was a significant trend of 210 

increasing proportion of all cases with any risk factors reported in each time period since IPD 211 

became nationally notifiable (P<0.0001; 2001–2004: 20.0% with any risk factor; 2005–2011: 212 

41.2%; 2012–2016: 51.0%). 213 

 214 

Pneumococcal vaccination history 215 

Overall, the proportion of individuals who had previously received a PCV was not 216 

significantly different for those who experienced recurrence compared with those who only 217 

experienced a single episode (5.7% vs 7.7%, P=0.09), while the proportion who had received 218 

PPV23 and experienced recurrence was more than double those who only experienced a 219 

single episode (26.0% vs. 11.1%, P<0.001) (Table 1). Of the 29 individuals who experienced 220 

recurrence and had received at least 1 dose of PCV at the time of their first episode, 23 were 221 

younger than 5 years of age at the time of the first episode and 6 were aged 5–14 years. 222 

Among those who experienced recurrence, at the time of the second episode there was a 223 
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small increase in the proportion of individuals who had received either a PCV (6.5%) or 224 

PPV23 (32.6%). Of the 591 recurrent IPD cases reported, five (0.8%) were considered 225 

vaccine failures that occurred in three different individuals aged 5–13 years at the time of the 226 

recurrent episode. 227 

 228 

Infecting serotypes 229 

For each time period, there was a trend of increasing recurrent episodes due to serotypes not 230 

contained in current pneumococcal vaccines (Figure 2). Overall, 20.5% (121/591) of 231 

recurrent cases were due to PCV7 serotypes, 20.1% (119/591) were PCV13-PCV7 serotypes, 232 

21.8% (129/591) were PPV23-PCV13 serotypes, 31.3% (185/591) were non-VT serotypes, 233 

and 6.3% (37/591) had no serotyping available. In the PCV13 era, 56.6% of recurrent cases 234 

were due to serotypes contained in pneumococcal vaccines (PCV7: 24/219; PCV13-PCV7: 235 

47/219; PPV23: 53/219), 40.6% (89/219) were due to non-VT serotypes, and 2.7% (6/219) 236 

had no serotyping available. There were 39 individuals whose second IPD episode occurred 237 

within 6 months of their primary episode and both primary and secondary episodes were 238 

reportedly due to the same infecting serotype. Excluding these episodes, the rate of recurrent 239 

IPD was 203.6 per 100,000 person-years (95% CI: 185.8–223.0) 240 

 241 

Risk factors associated with recurrence 242 

A total of 6,052 children aged <5 years and 20,620 individuals aged ³5 years surviving >14 243 

days after onset of their first episode were included in separate multivariable models for risk 244 

of a recurrent episode (Table 5, Table 6). In both models, Indigenous Australians, those with 245 

any underlying medical condition, and those with an initial episode of combined meningitis 246 

and pneumonia were at greatest risk of recurrence. Serogroup of the initial episode was 247 

significant in the multivariable model for those aged ³5 years, with those experiencing an 248 
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initial episode of PPV23-PCV13 or non-vaccine type IPD being at increased risk of 249 

recurrence compared to initial episodes with other infecting serogroups. State, previous 250 

pneumococcal conjugate vaccination, and time period of first episode were not significant in 251 

either model when controlling for other factors.  252 

253 
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Discussion 254 

Our results demonstrate a markedly increased risk of recurrence after an initial episode of 255 

IPD that has persisted across pneumococcal vaccination eras. Our observed recurrence in 256 

1.8% of individuals is within the range of 0.7–5.3% reported by previous studies [8-18], 257 

though our recurrence rate of 247 per 100,000 PY is approximately one-fifth of that 258 

previously reported by King et al [8]. There may be several reasons for our lower observed 259 

recurrence rate, most likely due to our study including a period of 15.5 years of targeted and 260 

universal pneumococcal conjugate vaccine programs whereas the King et al. study took place 261 

before the introduction of PCV7 in the U.S [8]. The difference in background population 262 

rates of IPD between studies supports pneumococcal vaccination programs being partially 263 

attributable for the lower observed recurrence rate in our study, with our observed rate of 8.0 264 

per 100,000 population per year during targeted and universal PCV vaccination programs 265 

while King et al. reported a population rate of 24.1 per 100,000 population per year during 266 

their study in the pre-PCV7 era [8], while the estimated U.S. incidence in 2016 had decreased 267 

to 9.5 per 100,000 population [31]. Despite our lower observed recurrence rate, the risk of 268 

recurrent IPD remains 30 times higher than that of the general population during the PCV 269 

era. 270 

 271 

Groups with the highest risk of recurrence included Indigenous Australians, those with any 272 

underlying medical condition, an initial episode of concurrent meningitis and pneumonia, and 273 

those aged 2 to 4 years and 18 to 64 years. In our multivariable model for those aged ³5 274 

years, individuals who had previously received PPV23 were at increased risk of recurrence. 275 

As PPV23 in Australia is recommended for those with underlying conditions placing them at 276 

elevated risk of IPD, the observed increased risk of recurrence despite previous vaccination 277 

may be due to underreporting of underlying medical conditions in this group in the early 278 
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stages of IPD becoming nationally notifiable, as well as the waning immunity and lack 279 

protective effect in the immunocompromised and others at high risk that has previously been 280 

described in studies of PPV23 vaccine effectiveness [32-34]. Being older may not be an 281 

identified risk factor due to IPD being a pre-terminal event in this age-group [32]. 282 

 283 

The increased risk of recurrence after an initial episode of IPD demonstrated in our study has 284 

clear implications for pneumococcal vaccination recommendations in countries with 285 

established programs. Our observed incidence of recurrent IPD is of similar magnitude to the 286 

incidence of IPD reported in a systematic review and meta-analysis for HIV-infected 287 

individuals in non-African countries during the late-antiretroviral treatment era (331 per 288 

100,000 PY) and those who received solid organ transplantation (465 per 100,000 PY) [35]—289 

both identified as high-risk groups recommended to receive pneumococcal vaccination in the 290 

United States, Canada, Australia, and the UK. Our analysis of infecting serotypes also 291 

demonstrated that nearly three-fifths of recurrent cases in recent years were potentially 292 

preventable through provision of pneumococcal vaccination (PCV13 + PPV23) to those with 293 

a previous episode. 294 

 295 

Additionally, the first 1–2 years after an initial IPD episode represents a key period to 296 

vaccinate any previously unvaccinated individuals, or to provide additional vaccination if 297 

indicated. In our study, just over one-third of individuals with recurrence experienced their 298 

second episode within one year and 58.2% within two years. Our observed median recurrence 299 

interval of 1.5 years is slightly longer than the 266 days reported by King et al. [8], but again 300 

this likely reflects differences in population and pneumococcal dynamics, as well as the 301 

longer follow-up period for our cohort. We also observed small increases in the proportion of 302 

individuals who had received either a PCV or PPV23 from the first to the second episode. 303 
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But even following an episode of initial IPD, we found prior receipt of any PCV to be 304 

uncommon at the time of recurrence (<10%). This could indicate a number of issues related 305 

to follow-up, investigation, vaccine receipt, and reporting of vaccination for individuals 306 

following an initial episode of IPD.  307 

 308 

Although we identified a significantly increased risk of recurrence in those with any 309 

underlying medical condition, approximately one-quarter of individuals who experienced 310 

recurrence had no risk factor reported at the time of the first episode in recent years and 311 

therefore would be unlikely to have been identified as high risk for receiving pneumococcal 312 

vaccine. This finding may reflect incomplete recording or failure to identify contributing risk 313 

factors. Given the substantially increased risk of recurrence that is similar to other high-risk 314 

groups, the relatively short recurrence interval, and lack of identified risk factors in a large 315 

proportion of individuals experiencing recurrence, our findings support the inclusion of those 316 

with previous IPD as a high-risk group recommended to receive pneumococcal vaccination 317 

following recovery from an initial episode, even in the absence of other identified medical 318 

risk factors. In response to previous work completed by our group demonstrating the risk of 319 

recurrent IPD was 35 times greater than that in the Queensland population [36], in July 2020 320 

the Australian National Immunisation Program added children and adults with previous 321 

episodes of IPD as a recommended and funded high-risk group to receive pneumococcal 322 

vaccination [7]. For children younger than 12 months of age, this includes and additional 323 

dose of PCV13 (3+1 instead of 2+1 for infants without at-risk conditions) and two doses of 324 

PPV23, while adults are recommended to receive PCV13 and PPV23 [37]. Given the novelty 325 

of this policy change, evaluating the effectiveness of preventing recurrent disease in those 326 

with IPD will be important. 327 

 328 
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The strengths of our study include a large nation-wide retrospective cohort and the ability to 329 

identify recurrence over a long follow-up period. The limitations of the study are those that 330 

are commonly identified in using surveillance data, particularly regarding completeness of 331 

key data fields such as identification of risk factors. We found a trend of increasing reporting 332 

of risk factors among all cases of IPD during the study period, likely representing improved 333 

surveillance practices over time or the direct and indirect impacts of the universal childhood 334 

PCV program, and which resulted in an underestimate of those without underlying conditions 335 

and misclassification in our modelling. However, this underestimate of identified risk factors 336 

would not change our recurrence estimates and would be unlikely to change our overall 337 

findings and recommendations. Pneumococcal vaccination history is also likely to be 338 

underreported, particularly in the adult population. In September 2016, the Australian 339 

electronic childhood immunization database changed to a whole-of-life immunization register 340 

and therefore future studies are likely to have improved ascertainment of vaccination 341 

histories in the adult population. Finally, because the national dataset does not contain 342 

identifying details, our ability to identify individuals who experienced recurrent episodes was 343 

limited to those that occurred within the same state or territory. To the extent that individuals 344 

had other episodes of IPD diagnosed in different jurisdictions, this may have resulted in an 345 

underestimation of the true recurrence rate and an overestimation of the rate of primary IPD 346 

in the general population. 347 

 348 

There is a substantially increased risk of recurrence after an initial episode of IPD that is 349 

similar to the risk experienced by other commonly recognised high-risk medical conditions. 350 

Countries with established pneumococcal vaccination programs should recommend 351 

appropriate pneumococcal vaccination in individuals with a previous episode of IPD. 352 
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Vaccination should ideally occur soon after recovery from the initial episode to increase the 353 

probability of preventing future episodes. 354 
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Table 1: Characteristics at first episode of individuals who experienced a single or recurrent 490 

episode of invasive pneumococcal disease (IPD) in Australia, 01 January 1991–30 June 2016 491 

 Single episode only Recurrencea  
 n=27,706 (%) n=512 (%) 
Age group (years)     
   <2 3,915 (14.1) 31 (6.1) 
   2–4 2,188 (7.9) 29 (5.7) 
   5–17 1,646 (5.9) 27 (5.3) 
   18–34 2,665 (9.6) 70 (13.7) 
   35–49 4,030 (14.5) 132 (25.8) 
   50–64 4,879 (17.6) 112 (21.9) 
   ≥65 8,382 (30.3) 111 (21.7) 
Sex     
   Female 12,389 (44.7) 216 (42.2) 
   Male 15,301 (55.2) 296 (57.8) 
Indigenous status     
   Indigenous Australian 2,954 (10.7) 188 (36.7) 
   Non-Indigenous 20,083 (72.5) 300 (58.6) 
   Unknown 4,669 (16.9) 24 (4.7) 
Previous PCV received (doses)     
   0 25,582 (92.3) 483 (94.3) 
   ≥1 2,124 (7.7) 29 (5.7) 
Previous PPV23 received (doses)     
   0 24,624 (88.9) 379 (74.0) 
   ≥1 3,082 (11.1) 133 (26.0) 
Clinical syndrome     
   Bacteremia 5,026 (18.1) 107 (20.9) 
   Meningitis 1,342 (4.8) 29 (5.7) 
   Pneumonia 12,169 (43.9) 219 (42.8) 
   Meningitis & pneumonia 113 (0.4) 6 (1.2) 
   Other 1,077 (3.9) 18 (3.5) 
   Unknown 7,979 (28.8) 133 (26.0) 
Time period     
   1991–2000b 1,656 (6.0) 45 (8.8) 
   2001–2004 8,493 (30.7) 159 (31.1) 
   2005–2011 10,808 (39.0) 226 (44.1) 
   2012–2016 6,749 (24.4) 82 (16.0) 
a Characteristics at the time of the first episode of IPD 
b IPD nationally notifiable from 2001 
PCV, pneumococcal conjugate vaccine (includes 7-, 10-, and 13-valent vaccines); PPV23, 23-valent 
pneumococcal conjugate vaccine 
Missing data: age (n=1) and sex (n=16) in those with single episode only. 
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Table 2: Frequency and incidence rate of primary and recurrent invasive pneumococcal 493 

disease in Australia, 01 January 2001–30 June 2016 494 

 Primary disease First episode of recurrent diseasea 

 n (%) Rateb [95% CI] n (%) Ratec [95% CI] 
Overall 26,517 (100.0) 8.0 [7.9–8.1] 490 (100.0) 216.2 [197.9–236.2] 
Age group (years)     
   <2 3,416 (12.9) 39.2 [37.9–40.6] 17 (3.5) 549.8 [341.8–884.4] 
   2–4 2,050 (7.7) 15.9 [15.2–16.6] 23 (4.7) 169.8 [112.8–255.5] 
   5–17 1,535 (5.8) 2.7 [2.6–2.9] 32 (6.5) 60.8 [43.0–86.0] 
   18–34 2,532 (9.5) 3.2 [3.0–3.3] 45 (9.2) 213.3 [159.3–285.7] 
   35–49 3,946 (14.9) 5.6 [5.4–5.7] 129 (26.3) 415.4 [349.6–493.7] 
   50–64 4,825 (18.2) 8.3 [8.0–8.5] 113 (23.1) 344.3 [286.3–414.0] 
   ≥65 8,213 (31.0) 18.2 [17.8–18.6] 131 (26.7) 180.8 [152.3–214.5] 
Sex     
   Female 11,870 (44.8) 7.1 [7.0–7.2] 203 (41.4) 202.4 [176.4–232.3] 
   Male 14,633 (55.2) 8.9 [8.7–9.0] 287 (58.6) 227.4 [202.5–255.3] 
Indigenous status     
   Indigenous Australian 2,660 (10.0) 25.4 [24.4–26.3] 174 (35.5) 704.8 [607.5–817.7] 
   Non-Indigenous 23,857 (90.0) 6.2 [6.1–6.3] 316 (64.5) 156.5 [140.1–174.7] 
Time period     
   2001–2004 8,652 (32.6) 11.0 [10.8–11.3] 84 (17.1) 384.2 [310.2–475.8] 
   2005–2011 11,034 (41.6) 7.4 [7.3–7.6] 226 (46.1) 222.0 [194.9–252.9] 
   2012–2016 6,831 (25.8) 5.4 [5.2–5.5] 180 (36.7) 174.9 [151.1–202.4] 
a Recurrent disease rates calculated for first recurrent episode and individuals stopped contributing person-
time at risk after the initial recurrent episode. 
a Per 100,000 population per year 
b Per 100,000 person-years 
Missing data: sex (n=14) in those with primary disease 
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Table 3: Frequency, incidence, and recurrence interval for recurrent invasive pneumococcal 496 

disease by number of recurrent episodes, Australia, 01 January 1991–30 June 2016 497 

Recurrence 
number 

Frequency Recurrence ratea 
[95% CI] 

Recurrence interval from previous episode in years 
Median 
(IQR) 

<1y 
(%) 

1 to <2y 
(%) 

2 to <5y 
(%) 

≥5y 
(%) 

Any recurrence 591 253.0 
[233.4–274.2] 

1.5  
(0.6–3.3) 

38.2 20.6 27.2 13.9 

   1 512 222.4 
[204.0–242.5]  

1.5 
(0.7–3.4) 

36.9 21.3 27.1 14.6 

   2 62 1,989.0 
[1,550.7–
2,551.2]  

1.1 
(0.5–2.4) 

46.8 17.7 24.2 11.3 

   3 10 4,399.4 
[2,367.1–
8,176.6]  

1.0 
(0.5–2.7) 

50.0 10.0 40.0 0.0 

   ≥4b 7 10,174.5 
[4,850.5–
21,342.1]  

1.3 
(0.4–3.8) 

42.9 14.3 42.9 0.0 

a Rate per 100,000 person-years. 498 
b Includes 4 (n=4), 5 (n=2), and 6 (n=1) recurrent episodes. 499 
IQR, interquartile range. 500 

501 
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Table 4: Risk factors identified in individuals experiencing a single episode or recurrent 502 

invasive pneumococcal disease in Australia, 01 January 1991–30 June 2016 503 

Risk factor Single episode only Recurrent diseasea Pb 

Aged <5 years n=6,103 (%) n=60 (%)  
   Functional and anatomical asplenia 10 (0.2) 1 (1.7) 0.10 
   Childcare attendance 415 (6.8) 4 (6.7) 1.00 
   Chronic illness 257 (4.2) 7 (11.7) 0.014 
   Congenital or chromosomal abnormality 197 (3.2) 8 (13.3) 0.001 
   Immunocompromised 172 (2.8) 10 (16.7) <0.001 
   Prematurity (<37 weeks gestation) 380 (6.2) 7 (11.7) 0.10 
   No risk factor identified 4929 (80.8) 33 (55.0) <0.001 
Aged ≥5 years n=21,602  n=452  <0.001 
   Functional and anatomical asplenia 254 (1.2) 11 (2.4) 0.025 
   Chronic illness 6802 (31.5) 180 (39.8) <0.001 
   Immunocompromised 3159 (14.6) 98 (21.7) <0.001 
   No risk factor identified 13043 (60.4) 210 (46.5) <0.001 
a Risk factors identified at the time of the first episode in those with recurrent disease 
b P value calculated using Fisher's exact test 
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Table 5: Risk factorsa for recurrent invasive pneumococcal disease in Australian children 506 

younger than 5 years of age, 01 January 1991–30 June 2016 507 
  

Crude HR (95% CI) 
n=6,058 

P Adjusted HR (95% CI) 
n=6,052 

P 

Male sexb 1.1 (0.7–1.9) 0.60 1.2 (0.7–1.9) 0.58 
Age group 
(years) 

<2 1.0 (Ref) 0.04 1.0 (Ref) 0.024 
2–4 1.7 (1.0–2.8) 

 
1.8 (1.1–3.1) 

 

Indigenous Australian 3.2 (1.9–5.6) <0.001 3.3 (1.9–5.8) <0.001 
Any underlying conditionc 4.7 (2.8–7.8) <0.001 4.9 (2.8–8.6) <0.001 
Childcare attendance 1.1 (0.4–3.0) 0.85 … 

 

Previous PCV vaccination 1.8 (1.0–3.0) 0.04 … 
 

Previous PPV23 vaccination 4.8 (1.8–13.4) 0.013 … 
 

Clinical 
syndrome 

Bacteremia 1.0 (Ref) 0.05 1.0 (Ref) 0.002 
Meningitis 1.4 (0.6–3.3) 

 
1.7 (0.8–4.0) 

 

Pneumonia 0.3 (0.1–0.8) 
 

0.3 (0.1–0.7) 
 

Meningitis & pneumonia 4.2 (0.6–30.7) 
 

2.6 (0.3–19.2) 
 

Other 0.5 (0.1–2.2) 
 

0.6 (0.1–2.7) 
 

Unknown 0.9 (0.5–1.7) 
 

1.4 (0.7–2.7) 
 

Serogroupd PCV7 1.0 (Ref) 0.01 … 
 

PCV13-PCV7 0.8 (0.3–1.7) 
   

PPV23-PCV13 2.0 (0.9–4.8) 
   

Non-vaccine type 3.2 (1.5–6.5) 
   

Unknown/not typed 1.2 (0.6–2.3) 
   

State Australian Capital Territory 1.0 (Ref) 0.06 … 
 

New South Wales 0.9 (0.1–7.1) 
   

Northern Territory 2.7 (0.3–21.3) 
   

Queensland 0.9 (0.1–6.7) 
   

South Australia 0.7 (0.1–6.7) 
   

Tasmania 3.7 (0.4–31.6) 
   

Victoria 0.9 (0.1–7.3) 
   

Western Australia 1.0 (0.1–8.7) 
   

Time 
period 

1991–2000 1.0 (Ref) 0.10 … 
 

2001–2004 0.4 (0.2–0.9) 
   

2005–2011 0.8 (0.4–1.7) 
   

2012–2016 0.8 (0.3–2.1) 
   

a Risk factors and characteristics at the time of the first episode 
b Sex missing for 6 individuals in crude HR estimate 
c Functional or anatomical asplenia, immunosuppression, presence of a chronic illness, congenital or 
chromosomal abnormality, or prematurity (<37 weeks gestation) 
d Serogroup based on pneumococcal vaccines in which the serotypes are contained 
… Variable not significant in multivariable model 
HR, hazard ratio; PCV, pneumococcal conjugate vaccine; PPV23, 23-valent pneumococcal polysaccharide 
vaccine 
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Table 6: Risk factorsa for recurrent invasive pneumococcal disease in Australians 5 years of 509 

age and older, 01 January 1991–30 June 2016 510 
  

Crude HR (95% CI) 
n=20,630 

P Adjusted HR (95% CI) 
n=20,620 

P 

Male sexb 1.1 (0.9–1.4) 0.22 1.2 (1.0–1.4) 0.086 
Age group 
(years) 

   5–17 1.0 (Ref) <0.001 1.0 (0.0–0.0) 0.001 
   18–34 1.6 (1.0–2.5) 

 
1.7 (1.1–2.6) 

 

   35–49 2.1 (1.4–3.1) 
 

1.8 (1.2–2.8) 
 

   50–64 1.6 (1.0–2.4) 
 

1.7 (1.1–2.6) 
 

   ≥65 1.0 (0.6–1.5) 
 

1.1 (0.7–1.7) 
 

Indigenous Australian 4.9 (4.1–5.9) <0.001 3.5 (2.8–4.5) <0.001 
Any underlying conditionc 2.3 (1.9–2.7) <0.001 1.9 (1.5–2.4) <0.001 
Previous PCV vaccination 1.0 (0.4–2.2) 0.99 … 

 

Previous PPV23 vaccination 3.1 (2.5–3.8) <0.001 1.8 (1.4–2.2) <0.001 
Clinical 
syndrome 

Bacteremia 1.0 (Ref) <0.001 1.0 (0.0–0.0) 0.01 
Meningitis 0.9 (0.6–1.4) 

 
1.2 (0.7–1.9) 

 

Pneumonia 0.7 (0.5–0.9) 
 

0.7 (0.5–0.9) 
 

Meningitis & pneumonia 2.5 (1.0–6.1) 
 

2.2 (0.9–5.3) 
 

Other 0.9 (0.5–1.5) 
 

0.9 (0.5–1.5) 
 

Unknown 0.5 (0.3–0.6) 
 

1.0 (0.7–1.3) 
 

Serogroupd PCV7 1.0 (Ref) <0.001 1.0 (0.0–0.0) 0.02 
PCV13-PCV7 1.2 (0.9–1.6) 

 
1.0 (0.7–1.3) 

 

PPV23-PCV13 1.9 (1.5–2.5) 
 

1.3 (1.0–1.7) 
 

Non-vaccine type 2.5 (1.9–3.4) 
 

1.3 (1.0–1.8) 
 

Unknown/not typed 1.0 (0.7–1.3) 
 

0.8 (0.6–1.1) 
 

State Australian Capital Territory 1.0 (Ref) <0.001 … 
 

New South Wales 1.2 (0.5–3.4) 
   

Northern Territory 5.2 (1.9–14.1) 
   

Queensland 1.5 (0.6–4.1) 
   

South Australia 1.6 (0.6–4.5) 
   

Tasmania 1.0 (0.3–3.3) 
   

Victoria 1.2 (0.5–3.4) 
   

Western Australia 2.6 (0.9–7.1) 
   

Time 
period 

1991–2000 1.0 (Ref) 0.58 … 
 

2001–2004 0.8 (0.6–1.2) 
   

2005–2011 0.9 (0.6–1.3) 
   

2012–2016 0.9 (0.6–1.4) 
   

a Risk factors and characteristics at the time of the first episode 
b Sex missing for 10 individuals in crude HR estimate 
c Functional or anatomical asplenia, immunosuppression, or presence of a chronic illness 
d Serogroup based on pneumococcal vaccines in which the serotypes are contained 
… Variable not significant in multivariable model 
HR, hazard ratio; PCV, pneumococcal conjugate vaccine (7-, 10-, or 13-valent); PPV23, 23-valent pneumococcal 
polysaccharide vaccine 
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 511 

512 

Figure 1: Cumulative probability of the first, second, and third recurrence of invasive 513 

pneumococcal disease in Australia, 01 January 2001–30 June 2016. 514 
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 515 

Figure 2: Number of recurrent episodes of invasive pneumococcal disease in Australia by 516 

year, age group, and serotype according to vaccine inclusion, 01 January 2001–30 June 2016. 517 

PCV7, 7-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal 518 

conjugate vaccine; PPV23, 23-valent pneumococcal polysaccharide vaccine. 519 
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Supplementary Figure 1: Flow chart of the individuals and episodes of invasive 

pneumococcal disease (IPD) used in analysis. IPD became nationally notifiable in 

Australia in 2001. 
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