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ABSTRACT 20 

Background: It has been hypothesized that widespread implementation of pneumococcal conju-21 

gate vaccination (PCV) in infancy reduces early AOM and thereby prevents further AOM episodes 22 

and associated health care resource use. 23 

Methods: We tested this hypothesis by applying an extension of the original Cox proportional 24 

hazards model (Prentice, Williams and Petersons’ total time) to individual AOM episodes recorded 25 

in pseudonymised primary care electronic health records of 18,237 Dutch children born between 26 

2004 and 2015. Children were assigned to three groups: no-PCV (January 2004-March 2006), 27 

PCV7 (April 2006-February 2011) and PCV10 (March 2011-February 2015). 28 

Results: Of the 18,237 newborns, 6,967 (38%) experienced at least one GP-diagnosed AOM epi-29 

sode up to the age of four years (median age at first AOM: 12 months, interquartile range: 12; total 30 

number of AOM episodes: 14,689). Time-to-first AOM was longest in the PCV10 group compared 31 

with the PCV7 and no-PCV groups (log rank test: P<0.001); in these groups 30% had experienced 32 

a first AOM at 20, 17 and 15 months, respectively. Children in the PCV10 group had a 21% lower 33 

risk of experiencing a first AOM episode than those in the no-PCV group (hazard ratio (HR): 0.79, 34 

95% confidence interval (CI): 0.72 to 0.86), while the effect was less pronounced for the PCV7 35 

group (HR: 0.94, 95% CI: 0.87 to 1.02). Neither PCV7 nor PCV10 reduced the risk of AOM re-36 

currences. Compared to no-PCV, HRs for overall AOM were 1.00 (95% CI: 0.95 to 1.06) and 0.89 37 

(95% CI: 0.84 to 0.95) for PCV7 and PCV10, respectively. 38 

Conclusion: Our cohort study suggests that PCV postpones the onset and reduces the risk of first 39 

AOM without affecting recurrences. The impact of PCV on overall AOM in children up to the age 40 

of four years seems therefore largely attributable to the prevention of a first AOM episode.  41 



INTRODUCTION 42 

It has been shown that children who experience a first acute otitis media (AOM) episode in early 43 

life have a higher risk of developing multiple AOM recurrences, persistent otitis media with effu-44 

sion and have higher associated health care resource use [1-4]. These first AOM episodes are often 45 

caused by Streptococcus pneumonia. On contrary, AOM recurrences are often caused by other 46 

otopathogens, such as Haemophilus influenzae [5]. Randomised controlled trials (RCTs) have 47 

shown that pneumococcal conjugate vaccination (PCV) when given during infancy can prevent 48 

pneumococcal AOM [6]. However, when given later in life, in particular in children with a history 49 

of AOM, PCV does not prevent AOM episodes [6]. This has led to the hypothesis that by prevent-50 

ing early AOM and thereby halting the pathogenic pathway of middle-ear mucosal damage and 51 

bacterial biofilm formation, the widespread use of PCV in infancy prevents AOM recurrences and 52 

associated health care resource use [5,7]. 53 

We tested this hypothesis by studying the impact of subsequent introduction of 7-valent PCV 54 

(PCV7) and 10-valent PCV (PCV10) in Dutch infants on AOM onset and risk of first AOM and 55 

recurrences up to the age of four years using individual primary care electronic health records over 56 

the years 2004 to 2015.  57 



MATERIALS AND METHODS 58 

Study Population and Data Sources 59 

A total of 18,237 Dutch children born between January 2004 and February 2015 were included and 60 

followed during their first four years of life. These children were registered within the first six 61 

months of life at primary practices in The Netherlands that provide pseudonymised electronic 62 

health record data to two large registries: Julius General Practitioners' Network (JGPN) [8] and 63 

Zorggroep Almere (ZGA) [9]. Median follow-up was 48 months (interquartile range (IQR): 23 64 

months). The dataset was obtained after approval by the independent scientific committees of 65 

JGPN [project number: 2017 02] and ZGA [meeting number: 28 04]. 66 

 67 

Outcome and exposure variables 68 

From the electronic health records, general practitioner (GP)-diagnoses of AOM (International 69 

Classification of Primary Care [ICPC] code H71) were extracted. A new AOM episode was 70 

counted if there was no AOM-related GP visit for 28 days. PCV7 (Prevenar®, Pfizer) was intro-71 

duced in the Dutch National Immunisation Program (NIP) in 2006, for all children born from April 72 

that year. The NIP switched from PCV7 to PCV10 (Synflorix®, GlaxoSmithKline) in 2011 for 73 

children born from March that year. PCV7 and PCV10 were initially given at ages 2, 3, 4 and 11 74 

months. From November 28, 2013 a 3-dose schedule at ages 2, 4 and 11 months was introduced. 75 

Children in the registries were assigned to either of three groups according to their date of birth: 76 

no-PCV (January 2004 to March 2006), PCV7 (April 2006 to February 2011) and PCV10 (March 77 

2011 to December 2015). Since its introduction in 2006, vaccination coverage has been stable and 78 

high at 93.6% to 95.1% over the entire study period [10]. 79 

 80 

Statistical Analysis 81 



The effect of PCV (no-PCV, PCV7 or PCV10) on onset of AOM (in months) was evaluated by 82 

means of Kaplan-Meier survival analysis and by evaluating the time (in months) at which 10%, 83 

20% or 30% of children had experienced a first AOM episode [11]. Differences in survival curves 84 

were assessed using a log rank test. To discriminate the effect of vaccination (no-PCV, PCV7, 85 

PCV10 groups), pairwise comparisons using a pairwise log rank test were performed.  86 

To calculate AOM episode-specific hazard ratios (HRs) per PCV-group, an extension of the origi-87 

nal Cox proportional hazards model with vaccination status (no-PCV, PCV7 or PCV10) as expo-88 

sure variable was used (Prentice, Williams and Petersons’ total time model (PWP-TT)). The PWP-89 

model orders multiple episodes by stratification, based on the prior number of episodes during the 90 

follow-up period. All children are at risk for the first episode, but contributions to the k-th risk set 91 

is restricted to those children who have experienced (k – 1) episodes and thus, for the analyses on 92 

second, third, etc. episodes, children not experiencing a first episode were not included [12,13]. 93 

For this model, time-to-event was defined as the number of days between start of follow-up (t=0 94 

being the date of birth) and censor date. The censor date was defined as either: date of (first or k-95 

th) AOM; date at which the child became four years old; date of drop-out from the primary care 96 

registry; or end of follow-up (December 31, 2015), whichever came first. With 95% of children 97 

having fewer than five AOM episodes, episodes beyond the fifth (n=688 out of n=14,689 episodes 98 

available in the dataset) were not used for the analyses of AOM recurrences as this could make the 99 

model unstable [12]. We further estimated the impact of PCV on the risk of overall AOM episodes 100 

during the study observation period by including all AOM episodes (n=14,689). The antilogs (ex-101 

ponentiation) of the coefficients from the models were taken to calculate HRs and its corresponding 102 

95% confidence intervals (CIs). The proportionality assumption was checked using scaled Schoen-103 

feld residuals and nonlinearity using lognegative-log. Analyses were performed in RStudio, Ver-104 

sion 1.0.136 (2016).  105 



RESULTS 106 

Of the 18,237 newborns, 38% (n=6,967) experienced a first GP-diagnosed AOM episode (median 107 

age: 12 months (interquartile range (IQR: 12 months)). Of those 3,585 (52%) had one or more 108 

AOM recurrences (total number of recurrences: 7,722). The proportion of children experiencing 109 

one or more AOM episodes was 47.2% for no-PCV, 46.4% for PCV7 and 25.1% for PCV10, re-110 

spectively (Figure 1a). Figure 1b illustrates the distribution of AOM episodes among children who 111 

experienced at least one AOM episode per group. 112 

Children in the PCV10 group had a 21% lower risk of experiencing a first AOM episode in their 113 

first four years of life than those in the no-PCV group (HR: 0.79, 95% CI: 0.70 to 0.89), while the 114 

effect of PCV7 was less pronounced (HR: 0.94, 95% CI: 0.84 to 1.05). 115 

Time-to-first AOM was longest in the PCV10 group compared with the PCV7 and no-PCV groups 116 

as illustrated by the Kaplan-Meier curves (Figure 2, log rank test P<0.001; pairwise comparisons, 117 

PCV7 versus no-PCV: P=0.13, PCV10 versus no-PCV: P<0.001). In these groups, 30% had expe-118 

rienced a first AOM at 20, 17 and 15 months, respectively (Table 1). However, neither PCV7 nor 119 

PCV10 reduced the risk for subsequent AOM episodes (Table 2). Compared to no-PCV, HRs for 120 

overall AOM were 1.00 (95% CI: 0.95 to 1.06) and 0.89 (95% CI: 0.84 to 0.95) for PCV7 and 121 

PCV10, respectively.  122 



DISCUSSIONS 123 

Our observational study supports the hypothesis that widespread use of PCV prevents early AOM 124 

[5]: using a large dataset of routinely collected electronic primary care data we show that PCV, and 125 

particular PCV10, postpones the onset and reduces the risk of first AOM. However, we found no 126 

effect of PCV on AOM recurrences up to the age of four years, suggesting that the impact of PCV 127 

on overall AOM is largely attributable to the prevention a first AOM episode. 128 

A recent primary care-based cohort study from Iceland found large reduction of overall AOM (HR 129 

0.78, 95% CI 0.69 to 0.88) by PCV10 which was mediated by the prevention of the first two AOM 130 

episodes [14]. The Icelandic authors, had applied the Anderson-Gill (AG) extension of the Cox 131 

regression model. To explore whether the type of regression model used, contributed to the differ-132 

ence in the magnitude of the effect size of PCV10 on overall AOM between the studies (HR 0.89 133 

versus HR 0.78), we reran our analysis using the AG model; this showed a HR of 0.81 (95% CI 134 

0.76 to 0.87) which is very similar to that reported by Sigurdsson S, et al. [14]. The differences in 135 

effects observed between the PWP-TT, which is also referred to as a stratified AG model [13], and 136 

AG models illustrates that any reported effects of PCV on overall AOM episodes should be inter-137 

preted with caution.  For this, one should take into account that the AG model assumes that the risk 138 

of recurrent events is constant regardless of the number of previous events [12]. However, when 139 

the occurrence of a previous event increases the likelihood of further episodes, which is likely to 140 

be the case for AOM, then PWP is recommended [12,13]. 141 

Our observations are consistent with the post-hoc analyses of the Finnish OM trial showing that 142 

PCV7 had little effect on subsequent AOM episodes in children below 2 years of age [15].  Jokinen, 143 

et al. reported that PCV appeared to have less impact on children experiencing more than two AOM 144 

episodes than on those with 2 or less episodes. The authors suggest that there is a subgroup of otitis-145 

prone children that end up in a vicious cycle of subsequent episodes regardless of vaccination and 146 



prevention of vaccine-type AOM. Other RCTs by Eskola, et al. [16] and Prymula, et al. [17] have 147 

assessed PCV efficacy in children aged 2 years and below using the more stringent definition of 148 

recurrent AOM (rAOM; defined as 3 AOM episodes in 6 months or 4 in one year) and reported a 149 

non-statistically significant reduction of 16%, and 56%, respectively. Further research is needed to 150 

establish whether prevention of early onset AOM by PCVs is associated with a reduction in more 151 

severe disease course of OM. Ideally, such research includes outcomes such as rAOM and the 152 

number of ventilation tube insertions. 153 

A major strength of this study is the completeness, validity and generalisability of the data. Regis-154 

tration at a primary care practice is mandatory for all Dutch citizens, disease episodes are uniformly 155 

and systematically recorded in electronic health care records. We included a large cohort of chil-156 

dren registered at their primary care practice within the first six months of life to reduce the likeli-157 

hood of missing early life AOM episodes. Characteristics of patients enlisted in the two large pri-158 

mary care registries are comparable with the overall Dutch population and demographics of the 159 

participating GPs are representative for the total population of Dutch GPs [8,9]. 160 

Our PWP-TT model allowed us to efficiently use the dataset since more than 50% of the episodes 161 

are recurrences which would not have been taken into account in an original Cox proportional 162 

hazards model. Other count data models, such as Poisson, may allow for more straightforward 163 

analysis of repeated event data, but only consider the total number of events within a fixed period 164 

of time and ignore the time between repeated episodes [12]. Furthermore, hazard ratios are relative 165 

measures of risk and therefore, one may also be interested in knowing the absolute risk of having 166 

AOM after a given time point. The survival percentiles we reported provide this important infor-167 

mation [11]. 168 

Limitations of this study include its observational design which may have introduced confounding 169 

bias: fluctuations in factors coinciding with the introduction of PCV may affect the incidence of 170 



AOM, such as in daycare attendance, breastfeeding, health-seeking behavior and smoking prac-171 

tices. Such confounding is limited because changes in these variables are unlikely to be closely 172 

associated with the PCV implementation. The lack of effect of PCVs beyond the first AOM epi-173 

sode, may be explained by various factors such as waning of circulating pneumococcal antibodies, 174 

and an increase in the distribution of non-vaccine serotype and non-pneumococcal pathogens over 175 

time causing subsequent episodes. It should however also be noted that the number of children at 176 

risk for a subsequent episode was rather small, in particular in the PCV10 group. Our study may 177 

therefore be not sufficiently powered to draw robust conclusions regarding the impact of PCVs on 178 

subsequent episodes. Next, as information on the causative pathogens was not available, our study 179 

cannot determine whether the difference between PCV7 and PCV10 was driven by either the 3 180 

additional pneumococcal serotypes, the impact on non-typeable H. influenzae (through carrier pro-181 

tein D) and/or by carry-over effects from PCV7 vaccinated children to PCV10 vaccinated children 182 

(herd protection). Furthermore, some AOM episodes between the date of birth and date of regis-183 

tration at the primary care practice may be missing in our dataset; with 97% of children in our 184 

database registered within the first three months of life we consider any impact on our findings 185 

negligible. Finally, with watchful waiting for mild to moderate AOM in practice in The Netherlands 186 

since the 1990s, many parents self-manage their children’s AOM episodes [18]; this study does not 187 

capture the impact of PCV on AOM symptoms in the community. 188 

 189 

CONCLUSION 190 

In conclusion, our primary care-based cohort study suggests that PCV given in infancy postpones 191 

the onset and reduces the risk and of first AOM without affecting recurrences. The impact of PCV 192 

on overall AOM in children up to the age of four years seems therefore largely attributable to the 193 

prevention of a first AOM episode.  194 
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TABLES 271 

Table 1. Survival time (in months) by which the first 10%, 20% or 30% of the children had expe-272 

rienced a first AOM episode. 273 

Survival percentiles in months (95% CI) 

Period 10th percentile 20th percentile 30th percentile 

no-PCV 7 (7 to 8) 10 (10 to 11) 15 (14 to 17) 

PCV7 8 (7 to 8) 11 (11 to 12) 17 (16 to 17) 

PCV10 8 (8 to 9) 13 (12 to 13) 20 (19 to 22) 

 274 

Table 2. Event specific hazards for the first AOM episode and subsequent AOM episodes. 275 

Hazard ratio for k-th AOM episode (95% CI)* 

Period First Second Third Fourth Fifth Any 

PCV7 versus 

no-PCV 

0.94 

(0.84 to 1.05) 

1.25  

(0.96 to 1.63) 

0.90  

(0.70 to 1.18) 

0.90  

(0.63 to 1.27) 

1.40  

(0.87 to 2.24) 

1.00 

(0.95 to 1.06) 

PCV10 versus 

no-PCV 

0.79  

(0.70 to 0.89) 

1.72  

(1.28 to 2.32) 

0.95  

(0.70 to 1.28) 

0.76  

(0.50 to 1.16) 

1.48  

(0.81 to 2.70) 

0.89 

(0.84 to 0.95) 

 276 

* To calculate a HR for any AOM episodes, all 14,689 AOM episodes were used. With 95% of 277 

children having fewer than five AOM episodes, episodes beyond the fifth (n=688) were not used 278 

for the analyses of AOM recurrences as this could make the model unstable.   279 



FIGURES 280 

Figure 1. Histograms illustrating the frequency and distribution of AOM episodes in our study 281 

population, relative to total study population (Figure 1a) and relative to children that have had only 282 

one episode during the follow-up period (Figure 1b) 283 

 284 

Figure 2. Kaplan-Meier curves showing the cumulative events of first AOM episodes and number 285 

of children at risk up to the age of four years. 286 


