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ABSTRACT
Streptococcus pneumoniae is one of the main pathogens leading to otitis media. In 2010, the 13- 
valent pneumococcal conjugate vaccine (PCV13) was implemented in the Greenlandic childhood 
vaccination programme, but the effect of this change is not yet well documented. The objective 
of this study is to evaluate the effect of the implementation based on the number of episodes of 
acute otitis media (AOM). Data are obtained from medical records. We included all children born 
from 1 January 2015 to 30 September 2016, and thus eligible for the three doses of PCV13 
including one year of follow-up time. Exclusion criteria were uncertain vaccination status and 
predefined comorbidities. The children were divided into two groups based on vaccination 
status: “Vaccinated” or “Incomplete/delayed”. We included 1077 children in total, 742 children 
were allocated to the ”Vaccinated” group and 335 children were allocated to the “Incomplete/ 
delayed” group. There were significantly fewer episodes of AOM in the “Incomplete/delayed” 
group (p = 0.01). In conclusion Greenlandic children completely and timely vaccinated with 
PCV13 and born between January 2015 and September 2016 did not have fewer episodes of 
AOM compared to children who had incomplete or delayed vaccination status.

Abbreviations: PCV13: 13-valent pneumococcal conjugate vaccine; OM: otitis media; AOM: acute 
otitis media; CSOM: chronic suppurative otitis media; WHO: World Health Organisation; NTHi: 
nontypeable Haemophilus influenzae
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Introduction

Otitis media (OM) diseases are very frequent among the 
Inuit population in Greenland, Canada and Alaska as 
well as Africa and the indigenous people in Australia 
[1,2]. The term OM covers several diseases ranging from 
simple and self-limiting disease to complex and chronic 
[3]. Acute otitis media (AOM) is an OM-subtype which 
also ranges in severity from self-limiting to needing 
extensive antibiotic treatment to avoid development 
into a potentially life-threatening condition [4,5]. AOM 
is characterised by pus in the middle ear with a bulging 
tympanic membrane and inflammation or a possible 
perforation of the tympanic membrane with discharge 
of pus combined with symptoms such as fever and 
otalgia [6,7]. Globally AOM is one of the most frequent 
infections among children and the leading cause for 
antibiotic prescription to paediatric patients in the 
USA [4,8]. Three or more AOM episodes in six months 
or four or more AOM episodes in twelve months are 

defined as recurrent AOM and may lead to insertion of 
ear ventilating tubes – an invasive surgical procedure in 
pre-school children usually requiring general anaesthe
sia[7].

A tangible consequence of AOM is the risk of perma
nent hearing impairment which especially occurs if the 
infection develops into chronic suppurative otitis media 
(CSOM)[9]. The World Health Organisation (WHO) 
defines CSOM as the potential outcome of a middle 
ear infection – most often AOM – and is characterised 
by chronic inflammation of the middle ear with at least 
two weeks of otorrhoea through a perforated tympanic 
membrane[9]. In a study from Greenland it was shown 
that CSOM during childhood is accompanied by an up 
to 91% absolute risk of permanent hearing impairment 
[10]. A Finnish study from 1997 found that hearing 
impairment in adolescence was associated with 
a lowered educational yield and a higher risk of unem
ployment at age 25[11]. According to Monasta et al. 
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2012 who published data on the world-wide epidemio
logical pattern of OM and reported that OM leads to 
21.000 annual deaths caused by serious complications 
to OM[12].

The main causative agents of AOM are the bacteria 
Streptococcus pneumoniae (S. pneumoniae), nontype
able Haemophilus influenzae (NTHi) and Moraxella catar
rhalis (M. catarrhalis)[13].

The seven-valent pneumococcal conjugate vaccine 
(PCV7) was first licenced in the USA in 2000 and has 
since then been part of childhood vaccination pro
grammes around the world [14,15]. In 2010 a 13- 
valent pneumococcal conjugate vaccine (PCV13) 
replaced the PCV7 increasing the vaccine coverage 
with an additional six serotypes of S. pneumoniae 
[16]. However, this replacement was made without 
a randomised clinical trial and without data support
ing the efficacy against AOM caused by the six extra 
serotypes [16,17]. Since then different studies have 
shown different efficacies of the change from PCV7 
to PCV13 [14,18]. Ben-Shimol et al. reported a near- 
elimination of OM episodes caused by PCV13 sero
types in Southern Israel and Lau et al. found a 19% 
reduction in pneumococcal OM episodes in children 
younger than 10 months in the UK [14,18].

The Greenlandic health care system is covering an 
area of more than two million square kilometres mak
ing it a challenging task to distribute an even access to 
health care professionals. The health care system is 
divided into five regions, each with a regional hospital, 
but the only access to a permanent otorhinolaryngolo
gist is in the capital, Nuuk, at Greenland’s single larger 
secondary health care facility[19]. Each region is visited 
once a year by a travelling otorhinolaryngologist. The 
Greenlandic childhood vaccination programme is free 
for all children with a permanent address in Greenland. 
In 2010 the PCV13 became the first pneumococcal 
vaccine implemented in the vaccination programme 
[20,21]. In a very recent study by Albertsen et al. the 
overall vaccine coverage for the childhood vaccination 
programme was close to WHO recommendations[22]. 
However, not all are timely vaccinated or vaccinated at 
all. This made it possible to test the efficacy of PCV13 in 
vaccinated and incomplete/delayed vaccinated 
Greenlandic children concerning episodes of AOM.

Materials and methods

The study was conducted as a cross-sectional observa
tional register study. The PCV13 was given in three 
doses when the child was 3, 5 and 12 months old. 
Data from all children born in Greenland from 1 
January 2015 through 30 September 2016 were 

extracted from the national electronic medical records 
systems, COSMIC and Aeskulap. 1 January 2015 was 
chosen as the lower cut-off because COSMIC was 
implemented in Nuuk in March 2015 and therefore 
the included children would have had their first dose 
of PCV13 registered in COSMIC in March. 
30 September 2016 was chosen as the higher cut-off 
because the unvaccinated/delayed cohort was defined 
as not having received the third and final dose of 
PCV13 at 15 months of age and allowed for a year of 
follow-up until the end of the study period in 
December 2018.

The extracted data consisted of date of birth, sex, 
town, age at the three doses of PCV13, number of AOM 
episodes, age at first AOM episode, antibiotic treat
ment, prematurity, vaginal birth or sectio.

An episode of AOM was defined as having 
received a prescription for oral antibiotics and that 
the prescription was based on the following terms: 
ear pain and/or middle ear infection/otitis media and/ 
or acute discharge (ear discharge within 14 days of 
oral antibiotics prescription) and/or red/bulging tym
panic membrane.

Inclusion criteria were being born between 
1 January 2015 and 30 September 2016 and having 
a Greenlandic address on 17 December 2018. 
Exclusion criteria were uncertain vaccination status, cra
nio-facial malformation, Down Syndrome or general 
immunoincompetence.

The included children were divided into two groups 
based on vaccination status defined as “Vaccinated”: 
having received all three doses of PCV13 before the 
age of 15 months; and “Incomplete/delayed”: not hav
ing received all three doses of PCV13 before the age of 
15 months.

The study period was chosen to get the most precise 
registration of vaccinations as the new system, COSMIC, 
was rolled out in this period. However, there was a risk 
of missing data in a transition period from the old 
medical journal system to the new. To avoid children 
with missing vaccination data being allocated to the 
wrong group and thereby affect potential results, it was 
decided to define a child as “uncertain vaccination 
status” if the date for the first or second dose of the 
PCV13 could not be found. Children with uncertain 
vaccination status were excluded.

Study population

The Greenlandic population consists of approxi
mately 56,000 people with a third living in the capi
tal, Nuuk[23]. The rest of the population lives in 
smaller towns and settlements only connected by 
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sea or air traffic. We did not gather information 
about ethnicity, but the majority of included chil
dren are assumed to be of Greenlandic Inuit descent 
as 90% of the Greenlandic population are considered 
Inuit[24].

Statistical analysis

Data from the “Vaccinated” and “Incomplete/delayed” 
groups were compared. Fisher’s exact test, Kruskal- 
Wallis H test and chi-squared test were used where 
appropriate.

Statistical analyses were performed using IBM SPSS 
Statistics v25 and Statistical Analysis System (SAS) v9.4. 
A p-value <.05 was considered significant.

Ethical considerations

The study was approved by The Research Ethics 
Committee for Scientific Health Research in Greenland, 

no. 8,972,630 (or KVUG 2018–23) as well as the Danish 
Data Protection Agency, no. REG-113-2018.

Results

In total, 1077 children were included of which 543 (50.4%) 
were boys. Of these 742 (68.9%) were allocated to the 
“Vaccinated” group and 335 (31.1%) to the “Incomplete/ 
delayed” group. See Figure 1 for the enrolment process.

Figure 2 shows PCV13 vaccination status in towns 
around Greenland in the study period. The respective 
vaccination rates ranged from 55% to 89%.

Baseline characteristics for the included children are 
shown in Table 1. The child’s age at time of vaccination 
was calculated in the two groups and significant differ
ences were found at all three vaccination doses 
between the groups (p < 0.0001) (see Table 1).

A significant difference was found in number of AOM 
episodes per child with 0.5 episodes in the “Incomplete/ 
delayed” group and 0.7 episodes in the “Vaccinated” group 
(p = 0.01) (see Table 2). In the “Incomplete/delayed”- 

Figure 1. Enrolment flow chart showing the more specific reasons of exclusion during our study.
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vaccinated group 34.9% of the children had one or more 
episodes of AOM compared 41.5% in the “Vaccinated” 
group (p = 0.04). Using only data from the children with 
one or more AOM episodes a significant difference 
remained as there were 1.5 episodes in the “Incomplete/ 
delayed” group and 1.8 episodes in the “Vaccinated” group 
(p = 0.02).

In order to investigate if the number of PCV13 
doses was associated with number of AOM episodes 
the children from the “Incomplete/delayed” group 
was divided into four groups based on how many 

doses of PCV13 they had received (see Table 3). The 
two groups with the highest frequencies of AOM 
throughout the follow-up were “Complete” and “0 
vacc.”. Also, it can be seen from Table 3 that the 
number of children with ≥5 AOM was too small for 
meaningful comparison.

Table 4 shows the distribution of children in the two 
groups regarding having an AOM episode before the 
first PCV13 vaccination. A significant difference was 
found with more children in the “Incomplete/delayed” 
group having had AOM before first vaccination.

Figure 2. Vaccination coverage in investigated towns in Greenland (From: www.yourfreetemplates.com).
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Table 5 shows a re-analysis of Table 2 where we 
excluded the children that had an AOM episode before 
their first PCV13 vaccination. The same significant dif
ferences were found as in Table 2 except for “Children 
with ≥1 AOM episodes” which now has a p-value 
of 0.07.

Discussion

This register-based cohort study is the first to investi
gate the effect of the implementation of the PCV13 on 
episodes of AOM in Greenland. The “Incomplete/ 
delayed” group had significantly fewer episodes of 
AOM compared to children receiving full and timely 

Table 1. Baseline data for fully vaccinated vs. incomplete/delayed vaccinated Greenlandic children.

Vaccinated
Incomplete/ 

delayed p-value

n (%) 742 (68.9%) 335 (31.1%) N/A
Male, n (%) 374 (50.4%) 169 (50.5%) ns
Age at first vaccination, days (mean) 107 150 <0.0001
Age at second vaccination, days (mean) 179 290 <0.0001
Age at third vaccination, days (mean) 394 597 <0.0001
Elective sectio, n (%) 22 (3.0%) 23(6.9%) <0.0001
Emergency sectio, n (%) 42 (5.7%) 22 (6.6%) 0.57
Sectio, all types, n (%) 64 (9.7%) 45 (14.7%) 0.03
Prematurely born, n (%) 20 (2.7%) 21 (6.3%) <0.0001

Table 2. AOM episodes during follow-up according to PCV-13 vaccination status in Greenlandic children.

Vaccinated
Incomplete/ 

delayed p-value

Total number of AOM episodes 541 181 N/A
Number of AOM episodes per child (mean) 0.7 0.5 0.01
Children with ≥1 AOM episodes 308 (41.5%) 117 (34.9%) 0.04
Number of AOM episodes per child with at least one AOM episode (mean) 1.8 1.5 0.02

Table 3. Expanded PCV-13 vaccination status and AOM episodes in Greenlandic children.
n (-) AOM during follow-up) (+) AOM (during follow-up) 1 ≤ AOM < 3 (during follow-up) ≥ 5 AOM (during follow-up)

Complete (= 3 vacc.) 742 434 (58.5%) 308 (41.5%) 260 (35%) 12 (1.6%)
0 vacc. 8 3 (37.5%) 5 (62.5%) 4 (50%) 1 (12,5%)
1 vacc. 19 14 (73.7%) 5 (26.3%) 4 (21.1%) 0
2 vacc. 63 40 (63.5%) 23 (36.5%) 21 (33.4%) 0
3 vacc. (Delayed) 245 161 (65.7%) 84 (34.3%) 74 (30.2%) 2 (0.8%)
Total 1077

Table 4. Numbers and frequency of first AOM episode before first PCV-13 vaccination in Greenlandic children according to 
vaccination status. P-value is calculated by Fisher’s exact test.
First AOM episode in relation to first vaccination

Vaccinated Incomplete/delayed P-value

Children who had an AOM episode before 1st vaccination 266 (35.9%) 149 (44.5%) 0.008

Table 5. AOM episodes during follow-up according to PCV-13 vaccination status, but with the exclusion of children who had an 
AOM episode before 1st PCV13 vaccination.

Vaccinated
Incomplete/ 

delayed p-value

Total number of AOM episodes 533 157 N/A
Number of AOM episodes per child (mean) 1.1 0.8 0.007
Children with ≥1 AOM episodes 302 (63.5%) 104 (55.9%) 0.07
Number of AOM episodes per child with at least one AOM episode (mean) 1.8 1.5 0.01
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vaccination with the PCV13. This finding persisted 
when we adjusted for children with no AOM episodes. 
To determine the effectiveness of the PCV13 it is 
important to remember that this study focused solely 
on the possible reducing effect on AOM episodes 
among Greenlandic children and not on invasive pneu
mococcal diseases where the vaccine is highly effective 
[16,17]. Also, it is important to mention that the PCV13 
has little to no effect on the AOM episodes caused by 
the other main otopathogens NTHi and M. catarrhalis 
[25]. Furthermore, serotype-shifting from vaccine types 
to non-vaccine types may be of importance. Such 
a serotype-shift has been documented in Greenlandic 
children by Navne et al. in 2017 who compared naso
pharyngeal carriage from 2011 to 2013 with carriage 
three years after the implementation of the PCV13[26]. 
They also found a reduction of vaccine types in non- 
vaccinated children suggesting a herd immunity[26]. 
A serotype-shift and herd immunity against the vaccine 
serotypes may dilute the effect in this study, but the 
examined medical records in this study did not have 
information regarding what serotype or otopathogen 
that caused the registered AOM episode.

The difference in age could be attributed to the 
“Incomplete/delayed” group being defined as having 
received the third and final dose of PCV13 after 15 months 
of age and one could therefore hypothesise that the 
“Incomplete/delayed” group mainly consisted of those 
children whose parents were behind schedule of the 
children vaccination programme from the beginning.

The significant difference in prematurely born chil
dren in the two groups may be due to the fact that we 
used the children’s actual age at vaccination dates and 
not their adjusted age. Some of the premature children 
did not receive their vaccinations timely because their 
adjusted age was too low and therefore, they were 
older than 15 months of age before completing the 
PCV13 vaccination schedule.

Potential differences in the socio-economic status of 
people living in the capital Nuuk and people living in 
towns and settlements may have contributed to our 
findings. Our study showed large regional differences 
in vaccine coverage, with the health region containing 
the capital, Nuuk, as having one of the lowest cov
erages[22]. Besides having a low vaccine coverage 
Nuuk also has better living conditions than the settle
ments[27]. As poorer living conditions such as crowd
ing, indoor smoking and poor dietary supply – is 
a known risk factor for AOM, our results may have 
been affected by children in good living conditions 
with an incomplete or delayed vaccination programme 
having fewer AOM episodes than children in poor living 
conditions with a complete vaccination programme[28].

Contrary to our study, other studies have found the 
PCV13 to be effective. In 2018 Pichichero et al. found 
that the PCV13 reduced the number of AOM episodes 
caused by the six additional serotypes of S. pneumoniae 
that was added from the 7-valent to the 13-valent PCV 
[17]. In the UK in 2015 Lau et al. found a decline in OM- 
related health care visits and a decrease in OM- 
associated prescriptions for antibiotics following the 
implementation of both the 7-valent and 13-valent 
PCV[14]. More in line with the findings of this study is 
the Cochrane systematic review “Pneumococcal conju
gate vaccines for preventing otitis media” that con
cludes that “promoting PCV solely to reduce AOM for 
the individual does not seem justified.”[13]

Surprisingly, we found that more children had had 
their first AOM episode before vaccination in the group 
of “Vaccinated” children. This may be due to parents to 
children in the “Vaccinated” group were more prone to 
seek the health care system than parents of children in 
the “Incomplete/delayed” group.

We also found that when we excluded the children 
with a pre-PCV13 vaccination AOM episode there were 
still significantly more AOM episodes per child in the 
“Vaccinated” group. This analysis was done to investi
gate if a pre-PCV13 vaccination AOM episode would 
make the children more prone to AOM episodes later 
in life despite having a full and timely PCV13 vaccina
tion programme.

Due to the design of this study and the PCV13 being 
already implemented in the Greenlandic childhood vac
cination programme, it is difficult to accept our null 
hypothesis of no difference in AOM episodes between 
“Vaccinated” and “Incomplete/delayed”-vaccinated chil
dren mainly because we largely compare fully vacci
nated children to semi-vaccinated children and only to 
very few not vaccinated at all. The ideal situation for 
studying this subject would be comparing two large 
identical groups, but with one of the groups being 
fully and timely vaccinated with PCV13 and the other 
group having received no doses of PCV13. However, 
there were only eight children in this study who had 
received no doses of PCV13 vaccination.

Strengths and limitations

The main strength of this study was that it included 
nationwide registry data from two years in Greenland.

Despite the nationwide registration of the popula
tion in Greenland a limitation of this study is the small 
population size which affects the statistical power of 
our findings. This also hampers the possibility of using 
multivariate statistics.
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The observational cross-sectional cohort design does 
not rule out the risk of selection bias, although we only 
excluded children with inaccessible data. A risk of dif
ferential bias is that the parents of the children from the 
“Incomplete/delayed” group would seek medical pro
fessionals more rarely compared to the parents of the 
“Vaccinated” group – maybe due to lower health lit
eracy in the parents of the “Incomplete/delayed” group. 
This would result in a lower probability to be diagnosed 
with AOM for the children in the “Incomplete/delayed” 
group. However, we do not have data on this. The 
diagnosis of AOM is difficult, but this bias is supposedly 
the same in the “Vaccinated”- and “Incomplete/ 
delayed” group. To avoid the risk of confirmation bias 
and lower the risk of faulty registration, it would have 
been optimal to have had two persons to scrutinise the 
data and compare their data sheets.

An important limitation was the lack of access to 
information about confounders of AOM such as socio
economic status, parental smoking, number of siblings, 
breastfeeding, family history, day care attendance and 
crowding. Should a new study be performed to further 
understand AOM in Greenlandic children access to this 
information is highly recommendable. Limitations 
regarding the study design include that some of the 
AOM-prone children had had two AOM episodes within 
14 days and therefore only counted as one episode. The 
definition of an AOM episode was based on prescrip
tion of oral antibiotics in addition to clinical findings. 
However, it seemed that the willingness to prescribe 
antibiotics for AOM decreased during the study period, 
reflecting a gradual change in clinical practice over 
time. In addition, there may have been a difference in 
willingness to prescribe antibiotics depending on what 
type of medical professional who was consulted. This is 
the main limitation as this study was based on medical 
records and not in-person observations. The difference 
in how readily the diagnosis AOM was given may vary 
in the health care system and could also impact the 
findings, but it is probably difficult to overcome in 
a setting such as the Greenlandic with many remote 
areas where access to medical professionals is sparse. 
Finally, as this study was conducted in the transition 
period from the old data system, Aeskulap, to COSMIC, 
quite many children had missing data on vaccinations 
leading to exclusion.

Conclusion

In conclusion, based on medical records, Greenlandic chil
dren born between January 2015 and September 2016 
and completely and timely vaccinated with the PCV13 did 

not have a reduced number of AOM episodes compared 
to not timely or not vaccinated children.

To further the understanding of the PCV13 and its 
effect on AOM episodes in Greenlandic children more 
research is needed. In such research it would be inter
esting to gather information regarding AOM confoun
ders and pneumococcal serotypes or other 
otopathogens causing the AOM. Furthermore, 
a concise national guideline to AOM diagnosis would 
help reducing the diagnostic variability between differ
ent types of medical professionals.
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