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ABSTRACT
In Sweden, the 7-valent pneumococcal conjugate vaccine (PCV7) was introduced in 2009 and replaced by 
the pneumococcal non-typeable Haemophilus influenzae protein D conjugate vaccine (PHiD-CV) or the 13- 
valent PCV (PCV13) from late 2009. We assessed the impact of PCVs on rates of antibiotic prescribing, 
tympanostomy tube placement (TTP), and healthcare resource utilization and direct costs of physician- 
diagnosed otitis media/acute otitis media (OM) in children ≤2 years of age living in Skåne (PCV7 then 
PHiD-CV) or Västra Götalandsregionen (VGR; PCV7 then PCV13). Retrospective cohort study using linked 
patient-level data from national and regional (Skåne and VGR) healthcare databases in Sweden from 
July 1, 2005, to December 31, 2013 (NCT02742753). Descriptive time-series analyses showed antibiotic 
prescriptions and TTP incidence declined after PHiD-CV/PCV13 introduction versus the pre-PCV period. 
The annualized mean frequencies of antibiotic use, primary care visits, outpatient visits, TTP and myr-
ingotomy procedures all decreased after PHiD-CV/PCV13 compared with pre-PCV cohorts. Annualized 
mean total OM-associated healthcare costs decreased in the PCV7 versus pre-PCV cohorts by 20.0% in 
Skåne and 10.2% in VGR, and further declined in the PHiD-CV and PCV13 cohorts (20.7% and 15.3%, 
respectively, relative to the PCV7 cohort), although the duration of PCV7 use differed between regions. 
Decreases in adjusted annualized cost ratios between cohorts per child susceptible to OM were statisti-
cally significant after PCV7 introduction and again with either PHiD-CV or PCV13 introduction in both 
regions. Following sequential PCV introduction, OM-related healthcare utilization and associated costs 
decreased in the study regions in Sweden.

PLAIN LANGUAGE SUMMARY  

What is the context?
● Otitis media is one of the most frequent reasons for healthcare visits and antibiotic use among young 

children. Although it is considered as a mild illness, the overall economic burden is substantial due to 
its high frequency.

● Otitis media can be caused by different bacteria includingStreptococcus pneumoniae, which is also 
responsible forpneumonia and meningitis. Pneumococcal conjugatevaccines Prevenar (Pfizer Inc.), 
Synflorix (GSK), andPrevenar 13 (Pfizer Inc.) protect against pneumococcaldiseases and reduce its 
occurrence.

● However, it is not known how the routine use of these vaccines may affect otitis media-related 
healthcare resources and costs.

What is new?
● In this study, we assessed trends in rates of healthcare utilization and associated costs due to otitis 

media in young children before (2005–2008) and after (2009–2013) use of pneumococcal conjugate 
vaccines. The study was conducted in two Swedish regions; one used Prevenar then Synflorix, while the 
other used Prevenar then Prevenar 13.

● We found that compared to the period before pneumococcal conjugate vaccine implementation, the 
postpneumococcal conjugate vaccine period was associated with:

What is the impact on current thinking?
● The use of pneumococcal conjugate vaccines effectively reduces healthcare utilization and resources 

associated with otitis media
● This indirect effect on the reduction of otitis media burden provides further benefit to the implemen-

tation of pneumococcal vaccination.
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Introduction

Worldwide, childhood otitis media/acute otitis media (OM) is the 
most common reason for healthcare visits and antibiotic 
prescriptions.1–4 Before introduction of pneumococcal conjugate 
vaccines (PCVs), over 80% of children experienced at least one 
episode of OM by the age of 3 years and over 40% experienced 
three or more episodes.5 Although the unit cost of treating a single 
uncomplicated OM episode is relatively low, the overall economic 
burden to society is high due to its high frequency and because of 
the high rate of OM-related antibiotic prescribing.6 Furthermore, 
OM treatment may involve surgical procedures such as myrin-
gotomy or tympanostomy tube placement (TTP), which is among 
the most common surgical procedures in children.7

The most frequent causes of bacterial OM are Streptococcus 
pneumoniae, non-typeable Haemophilus influenzae (NTHi), 
and Moraxella catarrhalis.8 PCVs capable of preventing even 
a small proportion of OM cases could significantly reduce the 
healthcare burden associated with OM.

13-valent PCV (PCV13; Prevenar 13; Pfizer Inc.) and pneu-
mococcal non-typeable Haemophilus influenzae protein 
D conjugate vaccine (PHiD-CV; Synflorix; GSK) share 10 
common serotypes: 1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F, and 23F. 
PCV13 also contains serotypes 3, 6A, and 19A. PHiD-CV 
induces protection against cross-reactive serotype 19A9 and 8 
out of the 10 serotypes are conjugated to the protein D carrier, 
a surface-expressed protein from NTHi that induces specific 
antibodies and protects against NTHi OM in an animal 
model.10 A growing body of evidence from clinical trials and 
observational studies support an impact of PHiD-CV in redu-
cing NTHi OM.10

The incidence of OM in children aged 0–2 years in Sweden 
between 2008 and 2010 was 344 per 1,000 person-years.11 In 
Sweden, the 7-valent PCV (PCV7; Prevenar; Pfizer Inc.) was 
introduced to the national immunization program in 2009. 
From late 2009, approximately half of the Swedish regions 
switched to either PHiD-CV or PCV13. PCVs are administered 
at 3, 5, and 12 months of age in Sweden, and coverage of three 
doses is approximately 97%.12 PCVs are reported to be asso-
ciated with a reduced burden of OM, including a reduction in 
physician visits, antibiotic prescriptions, and OM-related 
surgery.13–17

The current study took advantage of the unique epidemio-
logic environment in Sweden and aimed to assess the impact of 
PCVs by evaluating trends over time in OM-related outcomes 
in two Swedish regions: Skåne, where PCV7 was used from 
1 January 2009 followed by PHiD-CV from 1 June 2010, and 
Västra Götalandsregionen (VGR), which used PCV7 from 
1 January 2009 followed by PCV13 from 1 January 2010. The 
primary study objective described trends over time in the 
incidence rate of OM in Skåne and VGR and has been reported 
elsewhere.18 In brief, a descriptive time-series analysis showed 
a decrease in the incidence of OM following introduction of 
PHiD-CV and PCV13, while predictive models suggested that 
only PHiD-CV was associated with a statistically significant 
reduction in OM. Both PHiD-CV and PCV13 appeared to 
decrease the risk of first OM in young children.18

Here, we report secondary study objectives, which were to 
assess trends over time in rates of OM-related antibiotic 

prescriptions, TTP, and OM-related healthcare resource utili-
zation and associated costs before and after sequential use of 
PCVs in Skåne and VGR.

Methods

Study design and region selection

This observational, cohort study of children ≤5 years of age in 
two Swedish regions assessed the incidence rates of OM-related 
antibiotic prescriptions, and TTP, and used an interrupted 
time-series model to assess the effect of the temporal dynamics 
on the monthly/annual incidence rates during pre-PCV (from 
2005) and sequential introduction of PCVs from 2009 until 
2013. We also assessed healthcare resource use and direct 
healthcare costs associated with OM including antibiotic use, 
primary healthcare visits, surgical procedures, and in-patient 
days in ≤2 year-olds.

Approximately 30% of the Swedish population resides in 
Skåne and VGR, and both offer regional-level health databases 
that can be linked with national registries at the patient level. 
The populations in Skåne and VGR were representative of 
Swedish national averages, as determined by a feasibility 
study (Supplement).

The study cohort comprised all children born in Skåne and 
VGR from 1 January 1999 through 31 December 2013 identified 
from the Swedish Medical Birth Registry. Children were 
assigned to vaccination cohorts based on their date and region 
of birth relative to the respective dates of introduction of PCV7, 
PHiD-CV, and PCV13. A 3-month ‘washout period’ was defined 
after the implementation of each new vaccine. Children born 
within the ‘washout periods’ were not included in vaccine cohort 
comparisons, but were included in the calculation of monthly 
and annual incidence of OM-related antibiotic prescriptions and 
TTP, and corresponding time-series analyses. Data were 
retrieved for all children ≤5 years of age. Here, we focus on 
children ≤2 years of age, because the incidence of OM begins 
to decrease from the age of 2 years,5 and the ≤2 year age group 
was fully represented in all three vaccine cohorts.

The study was conducted in accordance with all applicable 
regulatory requirements, including all applicable subject priv-
acy requirements and the guiding principles of Good 
Epidemiological Practice and the Declaration of Helsinki. The 
study protocol was approved by the Central Ethical Review 
Board in Sweden. The study is registered at ClinicalTrials.gov 
(NCT02742753).

Data sources

The National Patient Registry (NPR, Patient Registret) and the 
Prescribed Drug Registry (PDR) are held by the Swedish 
National Board of Health and Welfare (NBHW, 
Socialstyrelsen). The NPR has captured patient characteristics 
including demography, inpatient and outpatient visits (pri-
mary and secondary diagnoses), and procedures since 2001. 
Data collection is mandatory, and the register is updated 
annually by the NBHW from all hospitals and outpatient 
clinics. The PDR was established in 2005 and it records all 
pharmacy dispensed pharmaceuticals in Sweden and has 
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almost full coverage in ambulatory care, but in-hospital drug 
use is generally not registered.19

The regional healthcare databases for VGR (Region West 
Healthcare Database; Vårdatabasen Vega) and Skåne (Patient 
Administrative System in the region of Skåne; 
Patientadministrativt system i Skåne) contain patient-level 
data on diagnoses and procedures from primary healthcare 
providers (private and public) and hospitals in their regions. 
Data from the local registries were linked at the patient level 
with data from the national registries with the support of the 
NBHW, and de-identified data were transferred with unique 
identifiers. The analysis was conducted by Parexel 
International, which is registered with the Swedish Data 
Protection Authority. Double counting of children with 
a diagnosis of OM in both the national and regional databases 
was prevented by implementing analytic rules when the diag-
nosis occurred in different sources within a two-week interval.

Analyses

Determining trends over time (2005–2013) in the monthly/ 
annual incidence rates of antibiotic prescriptions or TTP for 
OM
Prescriptions for antibiotics were identified using the 
Anatomical Therapeutic Chemical Classification system from 
the PDR. Prescriptions dated within 14 days of the date of 
a physician appointment/visit related to any diagnosis of OM 
were included. TTP was identified from the NPR. The monthly/ 
annual incidence of antibiotics dispensed or TTP was defined as 
the total number of children reported with one or more pre-
scriptions of antibiotics or TTP for OM in a month/year divided 
by the total exposure (person-years) in that month/year, as 
estimated from the Medical Birth Registry. As drug prescribing 
data were only available from mid-2005, the analysis of anti-
biotic prescriptions was conducted using data from July 1, 2005.

An autoregressive integrated moving average regression 
analysis was performed using three primary stages according 
to the Box-Jenkins methodology.20 This model investigated 
temporal dynamics (cyclical trends, seasonality) in monthly/ 
annual incidence for antibiotic prescriptions or TTP in Skåne 
and VGR and compared monthly/annual rates of antibiotic 
prescribing or TTP between the pre-PCV, PCV7, and PHiD- 
CV/PCV13 cohorts within each region.

The longitudinal dataset was divided into 3 periods: pre- 
PCV vaccination era, PCV7 era, and the PHiD-CV/PCV13 era. 
In Skåne, the pre-PCV era was from 1 January 2005 to 
31 December 2008, the PCV7 era from 1 April 2009 to 
31 May 2010, and the PHiD-CV era from 1 September 2010 
to 31 December 2013. In VGR, the pre-PCV era was from 
1 January 2005 to 31 December 2008, the PCV7 era from 
1 April 2009 to 31 December 2009, and the PCV13 era from 
1 April 2010 to 31 December 2013.

Interrupted time-series analyses assessed whether the intro-
duction of PCVs had a significantly greater effect on the rate of 
antibiotic prescribing or TTP than underlying secular trends. 
Segmented regression analysis was used to measure the 
changes in antibiotic prescribing or TTP in level and slope 
between the different vaccination eras. By allowing for transi-
tion periods, each month’s incidence was independently 

estimated, thereby not introducing any break in the time series, 
which would make the estimation of autocorrelation and sea-
sonality problematic. The interrupted time-series models were 
fitted using the following formula: 

Incidence ¼ ðα1þ β1tÞ þ PCVðα2þ β2 t � t2ð ÞÞ

þ PCV13ðα3þ β3 t � t3ð ÞÞ

where t is the month number, PCV is an indicator set to 1 if 
in the PCV7 or PHiD-CV/PCV13 eras, or 0 otherwise, and 
PCV13 is an indicator set to 1 if in the PHiD-CV/PCV13 
eras or 0 otherwise. Both indicators PCV and PCV13 are 
delayed for the 3-month transition period to reflect the time 
taken for the vaccines to be implemented and take effect. t2 
and t3 indicate the month numbers when PCV7 and PHiD- 
CV/PCV13 were introduced, following the 3-month transi-
tion period. The initial level of incidence (at time t = 0) is 
represented by α1, and the change from pre-PCV to PCV7 
and from PCV7 to PHiD-CV/PCV13 is represented by α2 
and α3, respectively. The initial slope (rate of change of 
incidence rate) during the pre-PCV period is represented 
by β1, and changes in slope following implementation of 
PCV7 and PHiD-CV/PCV13 were estimated by β2 and β3, 
respectively. The change in slope from the PCV7 to the 
PHiD-CV/PCV13 period was estimated by β3 – β2.

Children with urinary tract infection diagnosed either in 
primary care or as an inpatient or outpatient were used as an 
indicator control disease for the time-series analyses. As 
reported previously, there was no evidence of seasonality, auto-
correlation, or systematic trends in the incidence of urinary 
tract infection observed in the time-series analysis.18

To allow for the fact that within each calendar year children 
may have received different vaccinations, or no vaccination 
according to their age, separate analyses were performed by 
age category (≤2, 3–5 and ≤5 years).

Estimating healthcare utilization and direct costs
Incidence for healthcare resource utilization outcomes was 
calculated as annualized mean frequency as the number of 
events (per person-years) stratified by vaccination period.

Direct costs for OM of any severity were calculated by 
including healthcare resource utilization for each child based 
on the count of antibiotic prescriptions filled for OM, use of 
medical services (primary care and specialist physician visits, 
hospital stays, and length of hospitalization), procedures asso-
ciated with TTP, myringotomy, and intravenous medication 
for OM (Table S1). Costs for all healthcare visits and proce-
dures were calculated using the number of registered events 
multiplied by a unit cost based on 2017 public price lists or the 
stated cost of medication adjusted to 2017 values in line with 
the consumer price index (in Swedish Krona [SEK]). Inpatient 
stays were calculated by multiplying length of stay by the unit 
cost for one day of inpatient care treatment at the pediatric 
clinical department.

For each cost variable, the annualized cost of healthcare 
per child as determined from the Medical Birth Registry was 
modeled using a multivariable regression model (gamma 
model with log link). No interaction terms were included in 
the model. The regression analysis was adjusted for age, sex, 
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calendar month, observation year, time since PCV7 introduc-
tion, and time since PHiD-CV/PCV13 introduction. Cost 
ratios between the pre-PCV, PCV7, and PHiD-CV/PCV13 
cohorts were estimated with 95% confidence interval (CI) for 
each region.

Statistical analyses were performed using R version 3.4.2. 
Analyses were performed separately for each region and no direct 
statistical comparisons between the two regions were performed.

Results

Population

There were 191,596 births in Skåne between 1999 and 2013, of 
whom 77,962 (41%) had at least one diagnosis of OM ≤5 years 
of age. There were 60,141 children in Skåne who experienced 
OM in the pre-PCV cohort, 7,869 in the PCV7 cohort, and 
9,952 in the PHiD-CV cohort.

There were 250,327 births in VGR during the study period, and 
102,490 (41%) had at least one diagnosis of OM ≤5 years of age. 
There were 77,966 children who experienced OM in the pre-PCV 
cohort, 7,272 in the PCV7 cohort, and 17,252 in the PCV13 cohort.

Sex distribution, weight and length at birth, and maternal 
characteristics and co-morbidities were similar between the 
cohorts and were reported previously.18

Antibiotic prescriptions for OM

In children aged ≤2 years, the annual incidence per 
100,000 person-years of antibiotic prescriptions for OM 
decreased in Skåne from a peak of 30,688 (95% CI: 30,141; 
31,245) in 2007, to 15,516 (95% CI: 15,157; 15,883) in 2013 
(Table S2). In VGR, the antibiotic prescribing rate decreased 
from 29,035 (95% CI: 28,592; 29,486) in 2010, to 17,588 (95% 
CI: 17,244; 17,938) in 2013 (Table S2).

In Skåne, there was a decrease in the incidence of antibiotic 
prescribing for OM in ≤2 year-olds from the pre-PCV cohort 
through the consecutive PCV cohorts that was not observed in 
3–5 year-olds or ≤5 year-olds overall (Table 1). The annual 
incidence of antibiotic prescriptions for OM per 100,000 per-
son-years (≤2 years) decreased from 26,171 in the pre-PCV 
cohort, to 20,932 in the PCV7 cohort, and to 16,133 in the 
PHiD-CV cohort.

In VGR, there was no decrease in the incidence of antibiotic 
prescribing for OM in ≤2 year-olds between the pre-PCV and 
PCV7 cohorts, but a decrease per 100,000 person-years from 
23,619 prescriptions for OM in the PCV7 cohort, to 18,456 in 
the PCV13 period (Table 1).

Antibiotic prescribing for OM showed strong annual 
seasonality and significant levels of autocorrelation in all 
ages and in each vaccine era (Figure S1), which mirrored 
OM incidence rates.18 Before the introduction of PCV, 
antibiotic prescribing rates for OM in children aged 
≤5 years were higher in Skåne than in VGR, particularly 
among children aged 1 year (Figure S1), also mirroring 
trends observed in OM incidence rates.18

The interrupted time-series showed a decrease in antibiotic 
prescribing (events per 100,000 person-years) between the pre- 
PCV period and the PHiD-CV period that was statistically 

significant in 1 year-olds (−697, 95% CI: −1138; −255), 2 year- 
olds (−369, 95% CI: −655; −83), and ≤5 years (−314, 95% CI: 
−616; −13) (Table S3). In VGR, statistically significant 
decreases were observed in all age years, with an overall change 
in slope of −356 (95% CI: −531; −181) from the pre-PCV to the 
PCV13 period (Table S3).

Trends in TTP for treatment of OM

There was more TTP conducted in Skåne than in VGR over the 
study period, with a decrease in procedures evident in both 
regions over time (Table S4). In children aged ≤2 years, the 
annual incidence per 100,000 person-years of TTP decreased in 
Skåne from a peak of 1,224 (95% CI: 1,118; 1,339) in 2007 to 889 
(95% CI: 806; 981) in 2013. In VGR, the rate of TTP decreased 
from 893 (95% CI: 817; 977) in 2008, to 483 (95% CI: 429; 544) in 
2013.

In both regions, the incidence of TTP decreased from the pre- 
PCV cohort through the consecutive PCV cohorts in ≤2 year- 
olds, 3–5 year-olds, and ≤5 year-olds overall (Table 1). In chil-
dren ≤2 years of age, the rate of TTP per 100,000 person-years 
decreased in Skåne from 1,282 in the pre-PCV cohort to 999 in 
the PCV7 cohort, and to 632 in the PHiD-CV cohort, and from 
790 in the pre-PCV cohort, to 618 in the PCV7 cohort, and then 
to 370 in the PCV13 cohort in VGR (Table 1).

Table 1. Overall incidence rates (per 100,000 person-years) of otitis media-related 
antibiotic prescriptions and tympanostomy tube placements (TTP) in the pre-PCV, 
PCV7, and PHiD-CV/PCV13 cohorts*.

Cohort ≤2 years 3–5 years ≤5 years

Antibiotic prescriptions

Skåne Incidence rate (95% CI)
Pre-PCV 26,171  

(25,956; 26,387)
10,655  

(10,542; 10,770)
16,996  

(16,885; 17,107)
PCV7 20,932  

(20,547; 21,324)
8,925  

(8,528; 9,340)
17,562  

(17,263; 17,867)
PHiD-CV 16,133  

(15,861; 16,410)
9,299  

(7,438; 11,626)
16,065  

(15,795; 16,340)

VGR Incidence rate (95% CI)
Pre-PCV 22,680  

(22,506; 22,855)
11,513  

(11,411; 11,616)
16,048  

(15,955; 16,142)
PCV7 23,619  

(23,163; 24,083)
9,604  

(9,183; 10,046)
19,186  

(18,846; 19,532)
PCV13 18,456  

(18,221; 18,693)
8,168  

(7,454; 8,949)
18,020  

(17,794; 18,250)

TTP

Skåne Incidence rate (95% CI)
Pre-PCV 1,282  

(1,235; 1,331)
1,488  

(1,446; 1,531)
1,404  

(1,372; 1,436)
PCV7 999  

(917; 1,087)
1,169  

(1,031; 1,326)
1,046  

(975; 1,123)
PHiD-CV 632  

(580; 689)
483  

(181; 1,287)
631  

(579; 687)

VGR Incidence rate (95% CI)
Pre-PCV 790  

(758; 823)
863  

(835; 892)
833  

(812; 855)
PCV7 618  

(548; 697)
524  

(433; 635)
588  

(531; 652)
PCV13 370  

(338; 405)
444  

(300; 657)
373  

(342; 408)

CI = confidence interval, PCV = pneumococcal conjugate vaccine, PCV7/ 
PCV13 = 7-valent/13-valent pneumococcal conjugate vaccine, PHiD-CV = pneu-
mococcal non-typeable Haemophilus influenzae protein D conjugate vaccine, 
VGR = Västra Götalandsregionen. 

*The PCV7 era was short in VGR and Skåne and any change detected vs the PCV7 
cohort in incidences should be considered with caution.
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Seasonal trends were less marked for TTP than for antibio-
tic prescriptions for OM (Figure S2). The interrupted time- 
series analysis showed no clear change in trend in TTP in 
Skåne, while there was an apparent reduction in 1–3 year-old 
children as well as ≤5 year-olds overall in VGR between pre- 
PCV and PCV13 periods (Table S5).

Healthcare utilization costs

The annualized mean frequencies of antibiotic use, primary 
care visits, outpatient visits, TTP, and myringotomy all 
decreased over consecutive cohorts in Skåne (Figure 1A). 
Similar trends were observed in VGR, except for primary care 
visits, which increased between the pre-PCV and PCV7 
cohorts. The annualized mean number of inpatient days for 
OM remained relatively constant across the three cohorts 
(approximately 0.02 days per child in both regions).

Annualized healthcare utilization in ≤2 year-olds was higher 
in the pre-PCV cohort in Skåne than in VGR, but the relative 
reductions over time were higher in Skåne for most outcomes, 
such that the total healthcare costs per child were similar in the 
PCV13 and PHiD-CV cohorts, 794 SEK versus 814 SEK per 
child, respectively (Figure 1B, Table 2).

In Skåne, the annualized mean total cost of healthcare 
utilization for the treatment of OM per child ≤2 years for 
the calendar years 2005–2013 reduced by 20.0% between 

the pre-PCV and PCV7 cohorts (1,283 to 1,026 SEK) and 
by a further 20.7% between the PCV7 and PHiD-CV 
cohorts (1,026 to 814 SEK) (Table 2). The reduction in 
VGR was less marked, with a 10.2% decrease in the pre- 
PCV versus the PCV7 cohorts (1,043 to 937 SEK), and 
a further 15.3% decrease between the PCV7 and PCV13 
cohorts (937 to 794 SEK) (Table 2). Mean costs of health-
care utilization for the treatment of OM per child decreased 
between the pre-PCV and PHiD-CV/PCV13 cohorts by 
36.6% (1,283 to 814 SEK) in Skåne and by 23.9% (1,043 
to 794 SEK) in VGR (Table 2). Healthcare utilization and 
costs per study year are provided in Table S6.

Modeling the overall healthcare costs and adjusting for age, 
sex, month, and a piecewise linear time trend (based on vaccine 
periods), we observed marked reductions in cost across Skåne and 
VGR across the vaccine cohorts. Changes in adjusted annualized 
total healthcare cost ratios for OM were statistically significant 
(p ≤ 0.001) after PCV introduction in Skåne and VGR (Figure 2).

Discussion

This study used linked region-based and national healthcare 
databases to estimate the impact of PCV introduction on health-
care utilization due to OM in young children. The analysis 
captured information from primary care, outpatient, and inpa-
tient records, providing a comprehensive overview of the 

Figure 1. Resource use (A) and healthcare utilization costs (B) for otitis media by region in children aged ≤2 years for each vaccine cohort. PCV = pneumococcal 
conjugate vaccine, PCV7/PCV13 = 7-valent/13-valent pneumococcal conjugate vaccine, PHiD-CV = pneumococcal non-typeable Haemophilus influenzae protein D 
conjugate vaccine, SEK = Swedish krona, VGR = Västra Götalandsregionen. The resource use and costs associated with intravenous treatment were minimal and are not 
displayed in these figures.
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healthcare utilization and costs associated with OM in two 
representative regions in Sweden. The data indicate statistically 
significant reductions in rates of antibiotic prescribing events 
and TTP procedures, reduced healthcare utilization for the treat-
ment of OM, and direct healthcare costs for OM that were 
associated with PCV introduction in both study regions. Skåne 
region switched from PHiD-CV to PCV13 in May 2014, pre-
cluding longer follow-up. Nevertheless, the duration of the time- 

series was sufficient to detect the primary and secondary 
outcomes.18

OM is one of the most common reasons for the prescription 
of antibiotics during early childhood, and reduced antibiotic 
consumption can have positive flow-on effects in terms of 
reducing antibiotic resistance pressure.21 PCV introduction 
in other countries has been associated with lower rates of 
antibiotic prescribing for OM, and a reduction in the 

Table 2. Annualized mean direct cost and healthcare resource use for otitis media in children ≤2 years for the calendar years 2005–2013 for each vaccine cohort.

Resource

Pre-PCV cohort PCV7 cohort PHiD-CV (Skåne)/PCV13 (VGR) cohort

Number 
recorded

Mean cost per child 
(SD)

Number 
recorded

Mean cost per child 
(SD)

Number 
recorded

Mean cost per child 
(SD)

Skåne
Antibiotic use 135,113 96 (337) 26,887 73 (284) 31,922 55 (250)
Primary care visits 59,004 458 (1,615) 12,223 353 (1,386) 13,264 247 (1,182)
Outpatient visits 31,806 499 (2,856) 7,009 409 (2,504) 9,138 345 (2,257)
Inpatient days 5,153 167 (4,969) 1,156 140 (2,824) 1,741 136 (4,119)
Tympanostomy tube 

placement
2,505 53 (686) 531 41 (598) 519 26 (480)

Myringotomy 523 11 (319) 123 10 (287) 85 4 (193)
Intravenous treatment 37 0 (34) 14 0 (37) 19 0 (36)

Cost in SEK
Total hospital care cost 144,793,308 730 (6,249) 31,993,378 600 (4,368) 42,182,656 511 (5,087)
Total healthcare cost 254,600,914 1,283 (6,781) 54,676,301 1,026 (4,932) 67,140,059 814 (5,482)
VGR
Antibiotic use 152,343 82 (305) 23,680 78 (289) 54,900 62 (256)
Primary care visits 68,575 403 (1,505) 12,769 458 (1,595) 28,601 345 (1,380)
Outpatient visits 32,080 382 (2,227) 3,533 256 (1,781) 8,995 219 (1,673)
Inpatient days 5,508 135 (3,373) 740 111 (2,668) 2,967 150 (6,571)
Tympanostomy tube 

placement
2,071 33 (544) 264 26 (496) 469 15 (402)

Myringotomy 497 8 (271) 73 7 (291) 97 3 (179)
Intravenous treatment 25 0 (23) 4 0 (22) 7 0 (17)

Cost in SEK
Total hospital care cost 145,996,830 558 (4,458) 17,164,505 400 (3,597) 49,448,430 388 (6,950)
Total healthcare cost 273,007,668 1,043 (5,017) 40,176,691 937 (4,283) 101,355,347 794 (7,255)

SEK = Swedish Krona, SD = standard deviation, PCV = pneumococcal conjugate vaccine, PCV7/PCV13 = 7-valent/13-valent pneumococcal conjugate vaccine, PHiD-CV 
= pneumococcal non-typeable Haemophilus influenzae protein D conjugate vaccine, VGR = Västra Götalandsregionen.

Figure 2. Adjusted* annualized cost ratio between vaccine cohorts for otitis media in children aged ≤2 years. PCV = pneumococcal conjugate vaccine, PCV7/ 
PCV13 = 7-valent/13-valent pneumococcal conjugate vaccine, PHiD-CV = pneumococcal non-typeable Haemophilus influenzae protein D conjugate vaccine, 
VGR = Västra Götalandsregionen. *Adjusted for age, sex, calendar month, observation year, time since PCV7 introduction, and time since PHiD-CV/PCV13 introduction.
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proportion of antibiotic-non-susceptible carriage or invasive 
disease strains.17,22,23 Our observation that PCVs were asso-
ciated with reduced TTP procedures is consistent with other 
studies showing similar impacts of PHiD-CV and PCV13.17,24 

A study by Gisselsson-Solen in Sweden assessed the impact of 
higher-valency PCVs on OM cases and OM-related surgical 
procedures in 0–4 year-olds using national data from the 
Swedish NBHW from 2005 to 2014.25 Rates for 2013–14 were 
compared with 2007–08, and comparisons were made between 
regions that used PHiD-CV and regions that used PCV13. The 
study showed significant decreases in OM diagnoses (39% 
reduction in outpatient visits and 42% decrease in hospitaliza-
tions) and surgical procedures (18% decrease in TTP) after 
PCV introduction, and while the impact of PHiD-CV appeared 
to be greater than PCV13, pre-PCV differences between 
regions in terms of procedure rates and the number of pedia-
tricians and ear-nose-and-throat surgeons could also explain 
some of the observed differences.25

Direct healthcare costs associated with the treatment of OM 
in young children reduced with the introduction of PCV in 
both regions, with additional reductions observed after chan-
ging from PCV7 to PHiD-CV or PCV13. Compared to the pre- 
PCV period, the adjusted ratio of annualized mean costs per 
child was 0.748 (95% CI: 0.672; 0.832) for the PHiD-CV cohort 
in Skåne, and 0.623 (95% CI: 0.543; 0.716) for the PCV13 
cohort in VGR.

In Sweden, a cost-effectiveness model that assessed the 
impact of routine vaccination with PHiD-CV or PCV13 
showed that the direct costs of pneumococcal and NTHi- 
related diseases were driven by costs associated with pneu-
monia and OM, rather than by invasive pneumococcal 
disease.26

Although covering a similar time period to that reported by 
Gisselsson-Solen, our study went beyond national data pro-
vided by the NBHW and included region-level data including 
general practitioner visits and also evaluated the impact of PCV 
on antibiotic prescribing. Using an age-period-cohort model 
with multivariable over-distributed Poisson regression models, 
we previously reported that only PHiD-CV was associated with 
a significant reduction in the incidence rate of OM, which we 
postulated could be due to a differential impact of PHiD-CV on 
OM caused by NTHi, whereas both PHiD-CV and PCV13 
appeared to decrease the risk of first OM in young children.18 

In the present study, both PHiD-CV and PCV13 appeared to 
be associated with decreases in healthcare utilization, which 
might have been more marked for PHiD-CV. However, in the 
adjusted model, the reductions in direct costs per child were 
similar for PCV13 and PHiD-CV. It is worth noting that 
antibiotic-prescribing guidelines for OM in Sweden changed 
around the time that PHiD-CV/PCV13 was introduced,27 and 
potential differences in the number of ear-nose-and-throat 
specialists, pediatricians and hospital beds per capita might 
have existed between Skåne and VGR. These factors, as well 
as potentially differing hospital admission policies in each 
region or changes in the management of OM post-vaccine 
introduction, might have influenced OM healthcare-seeking 
behavior and treatment practices.

Another potential limitation of our study is that while the 
impact on OM-related antibiotic prescribing, procedures, and 

costs reported in this study may be generalizable to other 
parts of Sweden, they may not be directly applicable to 
other countries or settings with different healthcare systems 
and OM epidemiology. Additionally, the PDR generally does 
not register pharmaceuticals dispensed in hospital. This is 
unlikely to have substantially impacted our results given 
that most OM is treated in outpatient settings. We cannot 
exclude that children presenting with OM might have had 
respiratory tract infections or other illnesses that were treated 
with antibiotics before the OM episode, which might have 
had an impact on the study outcomes by modifying the 
severity of the OM episode or influencing further treatment 
decisions. Finally, national statistics indicate that migration 
levels are similar in Skåne and VGR, and potential biases are 
therefore likely to be comparable in the two regions.

Cost-effectiveness modeling was used to support the introduc-
tion of higher-valency PCVs into national immunization sche-
dules all over the world; most of these models use invasive 
pneumococcal disease and pneumonia data from clinical trials, 
while few used OM data. Moreover, few countries have subse-
quently measured the economic impact using real-world data.28 

As tympanocentesis and middle ear fluid culture to determine 
OM etiology are not routinely performed in most settings, diag-
nosis of OM is mainly limited to the use of a combination of 
diagnostic, procedure, and treatment codes (as done here). Our 
study is one of the few to use real-world OM data to confirm the 
cost-effectiveness of higher-valency PCVs. The results of our 
study were consistent across the two regions and are consistent 
with trends observed in a real-world analysis conducted in 
Australia.29 Confirmation of the effectiveness of vaccination pro-
grams is necessary to maintain confidence among policymakers, 
clinicians, and the general public. Our study provides real-world 
confirmation of the benefit of higher-valency PCVs. Such data can 
be used to support continuation of PHiD-CV and PCV13 vacci-
nation programs, aid policymakers and governments when 
choosing a PCV for their national immunization program, and 
could be used to populate future cost-effectiveness models as 
next-generation PCVs become available.

In conclusion, our study used real-world data to compare 
healthcare utilization and associated direct costs for OM in two 
regions in Sweden that capture approximately 30% of the total 
population. Following PCV introduction, OM-related health-
care utilization including antibiotic prescriptions, primary care 
visits, and surgical procedures decreased in the study regions in 
Sweden, with significant decreases in the associated costs. The 
data add to evidence supporting an impact of higher-valency 
PCVs on OM, one with potential activity against NTHi, with 
decreased antibiotic prescribing, primary care visits and surgi-
cal procedures, leading to decreases in direct costs associated 
with OM treatment.
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