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Abstract

Background: Acute otitis media (AOM) remains a common infection in children despite the introduction of pneu-
mococcal conjugate vaccines. This study estimated AOM incidence rates (IRs) over time in children < 16 years old in
Germany following PCV13 introduction.

Methods: AOM episodes were identified in the InGef healthcare claims database from 2014-2019 in children

aged < 16 years. Fach AOM episode was classified as either simple or recurrent. Recurrent AOM was defined as 3 or
more episodes identified within a 6-month period; or 4 or more episodes within a 12-month period with at least one
episode in the prior 6 months. AOM-related surgical procedures within 12 months and complications within 21 days
of an AOM episode were also identified. Annual IRs were calculated as number of episodes/child-years (CY) at risk.
95% Confidence intervals (95%Cl) were calculated using the Wilson method. The Mann—Kendall test was used to
assess trends over time,

Results: Between 2014 and 2019, the study population comprised 916,805 children with 327,726 AOM episodes,

of which 15% (49,011) of all episodes were identified as recurrent AOM and 85% (278,715) as simple AOM. There
were significant declines in AOM (p =0.003) in the study population overall and in all age groups over the study
period; from 101 (95%Cl 101-102)/1000 CY to 79 (95%Cl 78-80)/1000 CY in the total study population, from 209
(95%Cl 206-212)/1000 CY to 147 (95%Cl 145-150)/1000 CY in < 2-year-olds, from 239 (95%Cl 237-242) to 179 (95%Cl
177-182)/1000 CY in 2—-4-year-olds, and from 50 (95%C| 49-50) to 38 (95%Cl 37-39)/1000 CY in 5-15-year-olds. No
significant trends were identified for AOM-related surgical procedures over the study period; however, AOM-related
complications overall increased (p =0.003).

Conclusion: Between 2014 and 2019, AOM incidence overall declined in children aged 0-15 years in Germany. Over
the study period, the incidence of complicated AOM cases increased, however the incidence of AOM-related surgical
procedures remained constant. Despite the impact of PCV13, the burden associated with AOM in Germany remains
substantial.
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Background

Acute otitis media (AOM) is a common childhood infec-
tion characterised by middle ear effusion, inflammation
of the tympanic cavity and the rapid onset of symptoms
and signs of an acute inflammation [1]. Approximately
75% of non-PCV immunized children are estimated to
have at least one AOM episode before the age of 5 [2].
By the age of two years, up to 5% of children have expe-
rienced recurrent AOM, defined as three or more AOM
episodes in six months or four or more episodes in one
year [3]. AOM is a leading cause of office visits and
antibiotic prescriptions in children [4-7]. Healthcare
resource utilization associated with the management of
AOM and AOM-related surgical procedures is substan-
tial [8—10]. Although rare, complications of AOM such as
acute mastoiditis and meningitis are associated with sig-
nificant morbidity [11-13].

Streptococcus pneumoniae (S. pneumoniae) is a com-
mon bacterial cause of AOM [14, 15]. The incidence of
AOM has declined in Europe and globally since the intro-
duction of pneumococcal conjugate vaccines (PCVs)
[16-20]. In Germany, universal vaccination of children
aged < 2 years with the 7-valent PCV (PCV7) was recom-
mended in 2006 and was replaced by 10- and 13-valent
PCVs in 2009 (PCV10 and PCV13) [21]. In Germany
vaccinations are voluntary, although strongly advised by
health authorities. Statutory health insurance (SHIs) pro-
viders pay for vaccinations recommended by the German
standing committee on vaccination (STIKO) and in align-
ment with the official vaccination guidelines published by
the Robert Koch Institute [22]. Vaccinations are there-
fore free of charge via individuals’ SHI package. Public
opinions on vaccination are generally positive [23]. The
schedule for PCV vaccination in children is at two, four
and 11-14 months old.

To better understand the potential value of new vac-
cines in Germany, it is important to quantify the current
incidence of AOM. However, post-PCV13 data on AOM
is lacking. In the present study, we therefore aimed to
provide recent estimates for the incidence of all-cause
AOM (overall, simple, and recurrent), AOM-related sur-
gical procedures and AOM-related complications over
time in children < 16 years old in Germany.

Methods
Data source
This is a retrospective cohort study of children aged <
16 years in Germany from January 1, 2014 to December
31, 2019 within the InGef (Institute for Applied Health
Research Berlin GmbH, formerly Health Risk Institute)
research database.

In Germany, approximately 85% of the population
are insured by SHI providers; the remaining population
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insured by private health insurers. For research pur-
poses, data can be pooled from multiple SHIs [24]. The
InGef database is comprised of de-identified longitu-
dinal claims data from approximately 7.2 million indi-
viduals across approximately 60 SHIs throughout all
geographic regions in Germany. The sample dataset of
approximately 4 million individuals used for the present
study covers around 5% of the German population and
is nationally representative in terms of age and sex [25].
Individuals can be followed over a longitudinal period
of up to a maximum of six years due to data protection
regulations. The database includes demographic infor-
mation (gender, age, region of residence); diagnoses;
claims data for ambulatory services and procedures in
alignment with the German uniform evaluation stand-
ard (EBM,Einheitlicher Bewertungsmafistab’); data
on outpatient visits and inpatient hospital admissions
(including admission and discharge dates, both pri-
mary and secondary discharge diagnoses and codes for
procedures conducted in hospital according to the Ger-
man Procedure Classification (OPS,Operationen und
Prozedurenschliissel)); mortality and morbidity data;
drug prescription and dispensing data (drug class and
identification number of each package (PZN, ‘Pharma-
zentralnummer’), quantity, date of prescription and dis-
pensing); and healthcare costs [25]. All diagnoses are
recorded using the German modification of the 10th
revision of the International Classification of Diseases
(ICD-10-GM).

Study design

The study population comprised children aged <
16 years in Germany with statutory health insurance,
within the InGef research database. Multiple yearly
cohorts were created to assess the incidence of AOM
within each calendar year of the study. Six yearly
cohorts were established (2014 to 2019), whereby chil-
dren contributed data from the latest of the following
dates: start of the study year (January 1), estimated date
of birth, or the date their SHI provider started contrib-
uting data to the InGef research database. For children
who were born before 2014, their study entry date was
assigned to the latter of January 1, 2014 or the date their
SHI provider started contributing data to the InGef
research database within the study period. During each
study year, each individual was followed-up from the
latest of the aforementioned dates until the first of the
following censoring criteria: end of observation in the
InGef research database (based on: end of insurance
with SHI contributing data to the InGef research data-
base, death from any cause), end of study year (Decem-
ber 31 of each year), or end of study period (December
31, 2019).
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Outcomes

AOM was defined as acute suppurative and unspecified
otitis media caused by all known and unknown patho-
gens. AOM was identified in the InGef research database
through ICD-10-GM codes within both the outpatient
data and inpatient data (all diagnosis fields). As diagnoses
are only available by quarter in the database for outpatient
visits, at least one antibiotic prescription or diagnostic
test in the same quarter was required to accompany an
outpatient diagnosis of AOM. Within each quarter of an
AOM diagnosis, the date of first antibiotic or diagnostic
test was assigned as the date of diagnosis. Date of hospital
admission was used to identify diagnosis dates within the
inpatient data. Exact code definitions are outlined in the
supplementary material, including EBM and OPS codes
used to approximate outpatient diagnosis dates.

Multiple records were considered as independent epi-
sodes if they were > 14 days apart [26]. Since analyses
were conducted by calendar year, episodes were assigned
to each study year. Episodes that crossed calendar years
were assigned to the year in which the episode began. In
alignment with the widely accepted definition of recur-
rent AOM (first coined by Goycoolea in 1991 [27]),
each AOM episode was defined as simple or recurrent,
whereby an individual was considered to have recur-
rent AOM if they had three or more episodes within a
6-month period or 4 or more episodes within a 12-month
period after the first AOM episode, with at least one epi-
sode in the preceding six months. To avoid misclassifica-
tion of a recurrent episode, only children with 6 months
of continuous health plan enrolment prior to the first epi-
sode and 12 months of continuous health plan enrolment
after the first episode were included. The 6-month period
prior to the first episode was not required for children <
1 year of age.

AOM-related surgical interventions (myringotomy
(with or without insertion of a tympanic drainage), tym-
panostomy tube removal, exploratory tympanotomy,
tympanotomy with sealing of the round and/ or oval win-
dow membrane [28-30]) were identified through OPS
codes and could occur anytime within 12 months after
the AOM episode in children with at least one AOM epi-
sode. AOM-related complications (perforation of tym-
panic membrane, otorrhea, otorrhagia, acute mastoiditis)
were identified through ICD-10-GM codes in both the
outpatient and inpatient data (all diagnosis fields) in chil-
dren with at least one AOM episode. AOM-related com-
plications could occur anytime within 21 days of the start
date of each AOM episode [26].

Statistical methods
All analyses were completed using the statistical soft-
ware program R, version 3.5.0. The study population was
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described by age (< 2 years, 2—4 years, and 5-15 years),
sex (male, female), region (East, West, Berlin) and under-
lying medical conditions associated with an increased
risk of pneumococcal disease according to the 2017/2018
STIKO recommendations for at-risk/high-risk individu-
als [31]. Underlying medical conditions were assessed in
a 12-month look-back period for each individual from
the date of study entry. As no medical history was avail-
able prior to 2014, underlying medical conditions were
reported only for 2015-2019. The underlying medical
conditions were identified by ICD-10-GM codes in the
outpatient and inpatient data (all diagnosis fields).

AOM incidence rates (IRs) per 1,000 child-years (CY)
were calculated as the number of AOM episodes divided
by the sum of CY at risk, whereby time at-risk was
defined as the total follow-up time minus the time with
AOM. 95% Confidence intervals (95% CI) were calcu-
lated using the Wilson method [32]. IRs were estimated
for AOM overall, as well as simple AOM, and recurrent
AOM in each study year. IRs of AOM-related surgical
procedures per 1,000 CY were calculated as the number
of procedures divided by sum of CY at risk also, whereby
time at risk was classified as within 12 months following
each AOM episode. Similarly, IRs of AOM-related com-
plications were calculated as the number of complica-
tions divided by the sum of CY at risk, with time at risk
classified as within 12 months following each AOM epi-
sode [26]. IRs of AOM, simple AOM, recurrent AOM,
AOM-related surgical procedures and AOM-related
complications were further stratified by age groups (<
2 years, 2—4 years, and 5-15 years). To assess whether the
incidence changed significantly between 2014 and 2019,
Mann-Kendall linear trend tests were used.

Results

The study population included 916,805 children aged
< 16 years. These individuals contributed a total of
3,608,716 CY at-risk and were followed up for a median
of 4.3 (interquartile range 2.2—6) years. At annual cohort
entry, the mean age of individuals was 6 years (standard
deviation 5.2). The majority of children were 5-15 years
old at cohort entry (52.7%) (Table 1) and from the West-
ern region of Germany (82.4%). For each yearly cohort,
near 90% of individuals had no history of any underlying
medical condition associated with pneumococcal dis-
ease (range: 89.2% in 2015 cohort to 91.8% in the 2019
cohort). The most common comorbidity was chronic
pulmonary disease, including asthma (ranging from 5.2%
in the 2019 cohort to 7.1% in the 2015 cohort).

Incidence of AOM
Overall IRs and for each age group are presented
in Table 2. From 2014-2019, there were 327,726
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Table 1 Baseline characteristics of the study population from 2014-2019 (n = 916,805)
Variable N %
Population by year
2014 683,807 -
2015 682,618 -
2016 673,787 -
2017 662,069 -
2018 654,311 -
2019 646,472 -
Age (years) at study entry
Mean, standard deviation 6 522
Age group (n, %)
0-1 306,767 3346
2-4 126,764 13.83
5-15 483,274 52.71
Sex (n, %)
Male 471,991 5148
Female 444814 4852
Geographic region (n, %)
East 92,474 10.09
West 755,537 8241
Berlin 67,173 7.33
Unknown 1,621 0.18
Underlying medical conditions for 2015 cohort® (n, %)
No at-risk medical condition 609,198 89.24
Any at-risk medical condition 67,001 9.82
Chronic diseases
Insulin-dependent diabetes mellitus 2,089 031
Chronic pulmonary disease (incl. asthma) 48,728 7.14
Chronic heart disease 11,535 1.69
Neurological disorders 8,195 1.20
Any high-risk medical condition 9,359 1.37
Cancer 931 0.14
Cerebrospinal fluid leak 8 0.00
Chronic renal disease 848 0.12
Cochlearimplant 1,078 0.16
Functional or anatomic asplenia, sickle cell disease/other hemaglobinopathy, congenital or acquired 737 0.11
asplenia, splenic dysfunction, splenectomy
HIV infection 27 0.00
Immuno-compromising diseases 5,287 0.77
Organ transplant 431 0.06
Chronic liver disease 408 0.06
Autoimmune disease 368 0.05

@ Underlying medical conditions were assessed in a 12-month look-back period for each individual from the date of study entry. As no medical history was available

prior to 2014, results are displayed for the 2015 cohort

episodes of AOM in total; the average annual IR for
the study period was 91.1 (95%CI 90.8-91.5) epi-
sodes per 1,000 CY. Annual IRs of AOM declined sig-
nificantly over the study period, from 101.4 (95%CI
100.6-102.2) in 2014 to 79.1 (95%CI 78.4-79.8) per

1,000 CY in 2019 (trend test, p = 0.003). When strati-
fied by age, AOM IRs declined from 209.0 (95%CI
205.6-212.5) to 147.5 (95%CI 144.7-150.3) per 1,000
CY in children < 2 years, from 239.4 (95%CI 236.6—
242.2) to 179.4 (95%CI 177.0-181.8) per 1,000 CY in
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Table 2 Incidence rates of AOM in the overall study population, over the total study period by age group
Overall 2014 2015 2016 2017 2018 2019 Trend test
(2014-2019) (p-value) ?

Overall (all age-groups)

Nepisodes 327,726 64,045 61,289 59,113 52,840 50,242 47,346

Rate per 91.14 (90.83- 101.36 (100.58- 97.57 (96.80— 9591 (95.14- 86.71 (85.97- 83.06 (82.34- 79.11 (78.40- 0.003

1,000 CY 91.45) 102.15) 98.35) 96.69) 87.45) 83.79) 79.83)

(95% Cl)
0-1 age group

Nepisodes 75400 14,442 13,667 13,293 12,137 11,465 10,765

Rate per 174.55 (173.31- 209.01 (205.62- 191.76 (188.56— 182.80(179.71—- 164.76 (161.84— 15565 (152.82— 14749 (144.71- 0.003

1,000 CY 175.80) 21245) 195.01) 185.93) 167.72) 158.53) 150.30)

(95% Cl)
2-4 age group

Nepisodes 139,403 27,225 25,607 24,862 22,728 21,535 21,112

Rate per 207.65 (206.56— 239.38 (236.55—- 224.05 (221.31- 217.55(214.85- 196.75 (194.20- 183.22(180.78- 179.39(176.98- 0.003

1,000 CY 208.74) 242.24) 226.81) 220.27) 199.32) 185.68) 181.83)

(95% Cl)
5-15 age group

Nepisodes 112,923 22,378 22,015 20,958 17,975 17,242 15,469

Rate per 4530 (45.04- 49.84 (49.19- 49.74 (49.09- 48.82 (48.16— 4278 (42.15- 41.68 (41.06— 37.94 (37.34- 0.003

1,000 CY 45.57) 50.49) 5041) 49.48) 43.41) 42.31) 38.54)

(95% Cl)

2 Mann-Kendall test for trend

children 2-4 years, and from 49.8 (95%CI 49.2-50.5)
to 37.9 (95%CI 37.3-38.5) per 1,000 CY in children
5-15 years. Mann—-Kendall tests indicated that the
decline in IRs overall, and for each age group, were all
significant.

IRs were greatest in children aged 2-4 years (207.7
(95%CI 206.6—208.7) per 1,000 CY), followed by children
< 2 years (174.6 (95%CI 173.3-175.8) per 1,000 CY), and
5-15 years (45.3 (95%CI 45.0—45.6) per 1,000 CY).

Incidence of simple versus recurrent AOM

The IRs of simple and recurrent AOM overall and for
each age group during the study period are presented
in Tables 3 and 4. Mann-Kendall tests indicated that
for all children and in each age group, there were sig-
nificant monotonic declines for IRs of simple AOM
and recurrent AOM over the study period. The aver-
age annual IR for simple AOM (77.5 (95%CI 77.2—
77.8) per 1,000 CY) was significantly higher than for
recurrent AOM (13.6 (95%CI 13.5-13.7) per 1,000
CY) over the study period. The IRs of simple AOM
were greatest in children 2-4 years (168.9 (95%CI
167.9-169.9) per 1,000 CY), followed by those in chil-
dren < 2 years (143.8 (95%CI 142.7-145.0) per 1,000
CY) and 5-15 years (41.3 (95%CI 41.1-41.6) per 1,000
CY). Similarly, IRs of recurrent AOM were highest in

children 2—4 years, followed by those in children <
2 years and 5-15 years.

Incidence of AOM-related surgical procedures

Over the study period there were a total of 9,677 AOM-
related surgical procedures, occurring within 12 months
following the AOM index episode. The average annual
IR of AOM-related surgical procedures over the total
study period was 40.9 (95%CI 40.1-41.7) per 1,000 CY.
The rate of AOM-related surgical procedures remained
steady over the study period: Mann—Kendall tests indi-
cated no significant trends overall or by age group (Fig. 1,
Supplementary Table 5). Rates were consistently high-
est in the 2—4-year-old age group over the study period:
27.4 (95%CI 25.9-28.9), 62.7 (95%CI 61.2—64.3), and 25.0
(95%CI 24.0-26.1) per 1,000 CY for children < 2, 2—4 and
5-15 years, respectively (Fig. 1).

Incidence of AOM-related complications

There were 10,385 AOM-related complications over
the study period, occurring within 21 days of an AOM
episode (Table 5). Average annual IR of AOM-related
complications was 43.9 (95%CI 43.0-44.7) episodes per
1,000 CY. The Mann-Kendall test indicated a signifi-
cant increase in the rate of AOM-related complications
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Table 3 Incidence rates of simple AOM in the overall study population over the total study period by age group
Overall 2014 2015 2016 2017 2018 2019 Trend test
(2014-2019) (p-value)?
Overall (all age-groups)
Nepisodes 278,715 53,306 51,507 50,079 45118 43414 41,528
Rate per 7747 (77.18- 84.31(83.59- 81.95 (81.24- 81.21 (80.50- 74.00 (73.32- 71.74.(71.07- 69.36 (68.70- 0.003
1,000 CY 77.76) 85.03) 82.66) 81.92) 74.69) 7242) 70.04)
(95% Cl)
0-1 age group
Nepisodes 62,198 11,544 11,034 10,950 10,109 9,704 9,137
Rate per 143.82 (142.69- 166.79 (163.76— 154.59 (151.72— 150.39 (147.59- 137.08 (134.42— 131.62(129.01- 125.07 (122.52— 0.003
1,000 CY 144.95) 169.86) 157.50) 153.23) 139.78) 134.26) 127.66)
(95% Cl)
2-4 age group
Nepisodes 113,561 21,612 20,471 20,083 18,618 17,860 17,980
Rate per 168.89 (167.91- 189.65 (187.13— 178.79 (176.35- 17544 (173.02—- 160.94 (158.63- 151.76 (149.55—- 152.61 (150.39- 0.02
1,000 CY 169.88) 192.19) 181.25) 177.88) 163.27) 154.01) 154.86)
(95% Cl)
5-15 age group
Nepisodes 102,956 20,150 20,002 19,046 16,391 15,850 14,411
Rate per 4130 (41.05- 4487 (44.25- 45.19 (44.56- 4435 (43.73- 39.00 (38.41- 3831 (37.71- 35.34 (34.76- 0.02
1,000 CY 41.55) 45.49) 45.82) 44.99) 39.60) 3891) 35.92)
(95% Cl)
2 Mann-Kendall test for trend
Table 4 Incidence rates of recurrent AOM in the overall study population over the total study period by age group
Overall (2014- 2014 2015 2016 2017 2018 2019 Trend test
2019) (p-value) 2
Overall (all age-groups)
Nepisodes 49,011 10,739 9,782 9,034 7,722 6,828 5818
Rate per 1359 (13.47- 16.94 (16.62— 1552 (15.22- 14.61 (14.31- 12,64 (12.35- 11.26 (10.99- 9.70 (9:45-9.95) 0.003
1,000 CY 13.71) 17.26) 15.83) 14.92) 12.92) 11.53)
(95% Cl)
0-1 age group
Nepisodes 13,202 2,898 2,633 2,343 2,028 1,761 1,628
Rate per 30.39 (29.88- 4167 (40.17- 36.72 (35.33- 32.03 (30.75- 27.39(26.21- 23.79 (22.69- 22.20(21.13- 0.003
1,000 CY 30.92) 43.22) 38.15) 33.36) 28.60) 24.92) 23.30)
(95% Cl)
2-4 age group
Nepisodes 25,842 5613 5136 4,779 4,110 3,675 3,132
Rate per 3824 (37.77- 4899 (47.71- 4462 (4341- 4153 (40.36- 3536 (34.28- 31.08 (30.08- 2645 (25.54- 0.003
1,000 CY 38.71) 50.29) 45.86) 42.73) 36.45) 32.10) 27.40)
(95% Cl)
5-15 age group
Nepisodes 9,967 2,228 2,013 1912 1,584 1,392 1,058
Rate per 3.99 (391-4.07) 495 (4.75-5.16) 454 (4.34-4.74) 445 (4.25-4.65) 3.76(3.58-3.95) 3.36(3.19-3.54) 259 (244-2.75) 0.003

1,000 CY
(95% Cl)

2 Mann-Kendall test for trend
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Fig. 1 Rate of AOM-related surgical procedures over the study period (2014-2019) by age group

Table 5 Incidence rates of AOM-related complications occurring within 21 days of the start of an AOM episode

Overall (2014- 2014 2015 2016 2017 2018 2019 Trend test
2019) (p-value)?

Overall (all age-groups)

Nepisodes 10,385 1,712 1,781 1,887 1,763 1,711 1,772
Rate per 43.86 (43.02- 3783 (36.06—-  40.71(3884-  4437(4239-  4589(43.78-  46.17(4401- 5049 (48.17-  0.003
1,000 CY 44.71) 39.66) 42.64) 46.42) 48.09) 48.42) 52.90)
(95% Cl)
0-1 age group
Nepisodes 2,213 375 334 358 367 368 422
Rate per 45.81(43.92-  4150(3740-  3879(34.74-  41.79(3757-  4655(4191- 4943 (4451-  60.08 (5449- 0017
1,000 CY 47.76) 45.92) 43.19) 46.35) 51.57) 54.75) 66.10)
(95% Cl)
2-4 age group
Nepisodes 4,245 691 708 786 754 686 741
Rate per 44.00 (42.69- 3785(35.08- 4072 (37.78-  46.11(4295-  47.55(44.21- 4486 (41.57-  4895(4549-  0.056
1,000 CY 45.34) 40.78) 43.84) 49.45) 51.06) 48.35) 52.61)
(95% Cl)
5-15 age group
Nepisodes 3,927 646 739 743 642 657 609
Rate per 42.69 (41.37- 3597 (3324- 4162 (3867-  4392(4082-  43.75(4043-  4588(4244-  47.08(4342- 0017
1,000 CY 44.05) 38.85) 44.73) 47.20) 47.27) 49.53) 50.97)
(95% Cl)

2 Mann-Kendall test for trend

over the study period, overall, for the < 2 age group Discussion

and for the 5-15 age group. Rates were similar across  Next generation, higher-valent pneumococcal vaccines
all age groups: 45.8 (95%CI 43.9-47.8), 44.0 (95%CI  are under development to further reduce the burden of
42.7-45.3), and 42.7 (95%CI 41.4—44.1) per 1,000 CY  pneumococcal disease, including AOM [33-35]. To bet-
for children < 2, 2—4 and 5-15 years, respectively. ter understand the potential value of new vaccines in
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Germany, the present study provides recent estimates
of the incidence of AOM in the post-PCV-13 era. AOM
overall, simple AOM and recurrent AOM declined sig-
nificantly over the study period (2014-2019). AOM
incidence (overall, simple and recurrent) was greatest in
children 2—-4 years, followed by incidence in children <
2 years, and 5-15 years. Although the overall incidence
of AOM declined over the study period, the incidence
of complications increased and the incidence of AOM-
related surgical procedures remained constant. AOM-
related surgical procedures were again highest in children
aged 2—4 years. IRs of AOM-related complications were
similar across age groups.

Variations in study design, timeframe, case definition
and age-groups complicate comparisons of IRs between
AOM studies. Nonetheless, our results are consistent
with the only other study of AOM incidence in Germany.
In a prospective cohort study conducted after the intro-
duction of PCV7 (2008-2010) in Germany, the incidence
of physician-diagnosed AOM was 311 and 218/ 1,000 CY
in children 0-2 and 3-5 years respectively [2]. Our study,
after the introduction of PCV13, found a further decline
in AOM incidence in children aged < 2 years, from 209/
1,000 CY in 2014 to 147/ 1,000 CY in 2019. This is unsur-
prising, as in 2010, PCV13-PCV7 serotypes accounted
for 60% of pneumococcal isolates in children < 5 years
with spontaneous otorrhea [36].

Several studies before and after the introduction of
PCV7 have demonstrated the significant impact of PCV
introduction on pneumococcal serotype distribution in
Germany. Two bacterial etiology studies were conducted
in children < 5 years with spontaneously draining AOM
prior to (1995-2007) and following the introduction of
PCV7 (2008-2011) [36, 37]. Serotypes included in PCV7
accounted for 60.3% of pneumococcal isolates in the pre-
vaccination period compared to only 8.3% of isolates fol-
lowing PCV7 introduction. A third study showed that
diagnosis rates for suppurative and non-suppurative oti-
tis media declined by 19% and 26%, respectively, in the
post-vaccination period (2007-2011) compared to the
pre-vaccination period (2003-2011) [3]. Furthermore,
a more recent follow-up study demonstrated a dramatic
decrease (-86%) in cases of AOM caused by S. pneumo-
niae over the seven study years (2008—2014); with a total
disappearance of PCV7 and PCV13 serotypes, except for
serotype 3 [38].

Other studies have observed significant declines in
AOM IRs in children following PCV introduction. A
recent study in Israel demonstrated a downward trend
of IRs of AOM during the post-PCV years in children
aged < 9 years (August 2009-2018; P < 0.001) [39]. The
largest decrease (21%) was observed in children aged
< 1 year, from 807/ 1,000 children during the pre-PCV
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years to 640/ 1,000 during the post-PCV years (P <
0.001). Similar results have been observed in children
aged <5 years in Sweden: with a 2.3% decrease in otitis
media and AOM following PCV13 introduction [40].

In this study, we found AOM incidence to be high-
est in the 2—4-year-old age group. Our findings are sup-
ported by studies in Italy and Eastern Europe. A study
among children aged 0-6 years utilising the Italian
Pedianet database (2003-2007) found that AOM inci-
dence was highest in the 3—4 year old age group (222/
1,000 CY; CI 218-227) [17]. Similarly, among children
aged < 6 years in five Eastern European countries,
AOM incidence was highest in the 3—4 year age group
(209/ 1,000 CY; CI 165-261) between June 2011 and
January 2013 [41]. Potential explanations in Italy may
be the age at which children begin school and family
size. Differences in the age distribution in Italy com-
pared with other countries (where incidence is highest
among children aged 6-24 months [42-44]) is likely
due to day-care attendance, which in Italy typically
starts around 3 years of age. Similarly, in Germany,
kindergarten is typically attended by children between
3 and 6 years old [45]. It is well established that chil-
dren who attend day-care have higher AOM IRs than
their non-attending counterparts [45]. The small size of
the average Italian family (2.47 members) and German
family (2.0 members) may also reduce the risk of infec-
tions for infants through exposure to other children.

This study provides the most recent estimates of AOM-
related surgical procedures in Germany. The incidence of
AOM-related surgical procedures (myringotomy, tym-
panostomy tube removal, exploratory tympanotomy,
tympanotomy with sealing of the round and/ or oval
window membrane) remained steady throughout the
study period, despite a decrease in the overall rate of
AOM. A similar study in the US (2001-2011) observed a
downward trend in the incidence of myringotomy/ venti-
lation tube insertion immediately after PCV13 introduc-
tion [26]. Similar trends have been observed in Sweden,
with a downward trend in tympanostomy tube place-
ment and myringotomy procedures after PCV13, com-
pared with pre-PCV cohorts [46]. However, our findings
(2014-2019) may be explained by the increase in AOM-
related complications. Other studies have also found an
increasing burden of AOM-related complications in the
post-PCV era [26, 47-51]. Shifts in AOM etiology or
pneumococcal serotype distribution as a result of PCV
introduction can impact the incidence of AOM (overall,
simple, or recurrent) and AOM-related surgical proce-
dures and complications to different degrees. We were
unable to further evaluate these trends in the current
study due to lack of pathogen or serotype information in
the InGef database.
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The main strength of this study is the precision of the
estimates due to the large study population and repre-
sentativeness of the InGef database (approximately 4
million insured members). Previous studies have demon-
strated age, sex, morbidity, mortality and drug prescrip-
tion/dispensation distributions to be similar in the InGef
database and German population [25]; although repre-
sentativeness in terms of other factors such as socioeco-
nomic status have not been assessed.

There were several limitations to this study. First, exact
diagnosis dates were not available in the outpatient data
so quarterly diagnosis dates were used instead. Antibi-
otic prescriptions and diagnostic tests during the quar-
ters with AOM diagnoses were assumed to be related to
AOM to assign exact diagnosis dates. However, this may
have still led to inaccurate identification of AOM diag-
nosis dates. Second, misclassification bias due to coding
inaccuracies of AOM is possible. However, this potential
bias would serve to underestimate the incidence of AOM
and our findings are not out of line with other studies [2,
17, 36, 37]. Furthermore, ICD-9 or ICD-10 codes have
been used to identify AOM in many prior studies assess-
ing AOM incidence, including recent studies in Germany
and the US [52, 53].

In addition, the use of antibiotics prescriptions or diag-
nostic tests to validate an AOM diagnosis, may have led
to a further underestimation of the true incidence of
AOM in Germany as not all AOM episodes may have
been treated with antibiotics or involved a diagnostic
test. In many countries, including Germany, AOM clini-
cal guidelines call for watchful waiting and to refrain
from prescribing antibiotics for all AOM episodes [54].
However, the most recent AOM clinical guidelines in
Germany explicitly state that those patients with uncom-
plicated AOM can initially be treated purely sympto-
matically, only if they undergo clinical examination and
otomicroscopy/otoscopy (one of the diagnostic tests
in the present study) after 2 to 3 days [28]. Therefore,
uncomplicated AOM cases not treated with antibiotics
should still have been captured through the presence of
an otoscopy code. Updated standardised guidelines for
the diagnosis and treatment of AOM in Germany are
currently in development by the Arbeitsgemeinschaft
der wissenschaltlichen medizinischen Fachgesellschaften
(AWME), due for completion at the end of 2023 [55].

Similarly, the focus in the present study was on
extracranial AOM-related complications, and intrac-
ranial complications such as meningitis were therefore
not captured [56]. The AOM-related complication rate
is therefore likely to be underestimated. However, of
the 221,123 patients who had AOM, only 96 had men-
ingitis anytime across the study period. Therefore, see-
ing as meningitis is a rare complication, the number
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of patients developing meningitis within 21 days of an
AOM episode is likely to be negligible [26]. Further-
more, not all AOM-related surgical procedures, for
example mastoidectomy or drainage of the subperi-
osteal mastoid abscess, may have been captured due to
the limitation of the procedure codes available in the
InGef database. However, while mastoidectomy was a
common surgical intervention associated with AOM in
the pre-antimicrobial era, it is now believed to be per-
formed in fewer than 5 cases per 100,000 people with
AOM [57]. Indeed, other similar published studies have
not included mastoidectomy when looking at surgical
procedures associated with AOM or reported such low
rates that statistical analysis was fruitless [19, 31].

A further limitation is that the IRs estimated in this
study were not adjusted for covariates such as sex
or chronic diseases as the aim of this study was to
describe the incidence of AOM and AOM-related com-
plications/surgical procedures in different age groups.
Results are therefore presented as crude rates and Cls.

Finally, information on viral or bacterial AOM, causa-
tive pathogen (e.g., Streptococcus pneumoniae, Haemo-
philus influenzae, Moraxella catarrhalis) and serotype
distribution was not available. An understanding of
prevalent and emerging pneumococcal serotypes will
be critical when considering the development and
introduction of novel vaccines to reduce residual dis-
ease burden.

Conclusions

We present recent estimates of all-cause AOM incidence
in Germany. The incidence of AOM overall declined in
Germany in children < 16 years old between 2014 and
2019, following the introduction of PCV13. While the
incidence of simple AOM and recurrent AOM declined,
significant trends were not identified for incidence of
AOM-related surgical procedures. Furthermore, inci-
dence of AOM-related complications increased. Despite
the impact of PCV13 introduction, there remains sub-
stantial, residual burden associated with AOM in Ger-
many. The impact of future PCVs on AOM IRs will
depend on the proportion of AOM caused by S. prneumo-
niae and serotypes covered by vaccines.
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