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ABSTRACT

Vaccinations against Streptococcus pneumoniae are included in infant immunization programs globally.
However, a substantial burden due to pneumococcal disease (PD) remains. This study aimed to estimate the
cost of emergency department (ED) visits and hospitalizations associated with invasive pneumococcal disease,
all-cause pneumonia, and acute otitis media in children <15 years of age in the Liguria region of Italy between
2012 and 2018. The retrospective cohort study used data from the Liguria Region Administrative Health
Databases and the Ligurian Chronic Condition Data Warehouse, which contain information on hospital stays,
outpatient visits, laboratory/imaging techniques, surgical procedures, and pharmaceutical prescriptions.
Patients with one or more ED or inpatient claim for PD (based on International Classification of Diseases,
Ninth Revision, Clinical Modification codes) were included. Cost of ED visits and hospitalizations were estimated
from the diagnosis-related group system and procedures performed in the ED. In Ligurian children <15 years of
age during 2012-2018, the median annual number of hospitalizations plus ED visits due to PD was 4,009, and
the median estimated annual cost was €3.6 million. All-cause pneumonia accounted for the majority of
hospitalization costs during the study period. Number and costs of ED visits and hospitalizations increased
from 2012 to 2018. Despite widespread infant immunization in Liguria, economic costs due to PD-associated
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ED visits and hospitalizations remained high in children 0-14 years of age.

Introduction

Streptococcus pneumoniae can cause a range of diseases, includ-
ing invasive pneumococcal disease (IPD), noninvasive pneu-
monia, and acute otitis media (AOM).! Pneumococcal
conjugate vaccines (PCVs) are currently included in vaccina-
tion programs in 146 countries;> however, there remains
a residual burden of disease. In Europe, the incidence of IPD
in 2017 was 14.5 per 100,000 in children aged <1 year of age
with case fatality rates as high as 3% in children <15 years of
age.”* Incidence of pneumococcal pneumonia in Europe was
187 per 100,000 children <5 years of age in 2015,” and the
incidence of AOM was approximately 3,000 per 100,000 chil-
dren <4 years of age in 2014.° Furthermore, although the over-
all incidence of IPD has decreased significantly since the
introduction of childhood PCVs, the severity and persistence
of IPD cases have increased.””” In addition, vaccine coverage in
some regions is suboptimal.'® Consequently, the costs attribu-
table to pneumococcal disease (PD) remain high.”''""* In
Europe, total healthcare costs associated with community-
acquired pneumonia were estimated at €10.1 billion annually;
one-third of these costs were related to indirect costs such as
loss of working days."

The pneumococcal immunization recommendations in
Italy vary regionally due to regional autonomy in the organiza-
tion of health services.!* In general, the 7-valent PCV (PCV7)

first introduced in the early 2000’s was replaced by the 13-
valent PCV (PCV13) in the early 2010’s."* Comparing inci-
dence rates of PD before and after the introduction of a new
PCV has suggested that PCVs can reduce the burden of PD in
Italian children. For example, in North-east Italy, annual pneu-
monia-associated hospitalization rates in children <4 years of
age decreased significantly from 379.7 per 100,000 in 2004 to
211.9 per 100,000 in 2013."° In the Veneto region of Italy, the
mean annual incidence rate of IPD and syndromic invasive
disease following the introduction of PCV13 was reduced from
40.1 episodes per 100,000 person-years in 2010 to 31.2 episodes
per 100,000 person-years in 2017, although this decrease was
not significant.'® Despite this, PD continues to cause substan-
tial economic burden on the health system in Italy. In the
Veneto region of Italy, the total regional expenditure in 2017
was €3.59 million due to all-cause pneumonia and
€2.76 million due to AOM in children <15 years of age.'”'®
New vaccines recently approved in adults are currently being
investigated in the pediatric population.®*' These vaccines
contain all serotypes in the currently licensed PCV13 and addi-
tional serotypes.”>** To better understand the potential value of
new vaccines in a given region of Italy, it is important to quantify
the current burden of PD following the introduction of PCV13,
but prior to the introduction of new PCVs in that region. Liguria
is an administrative region of Italy with a pediatric population
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(<15years of age) of approximately 170,000 children.***’

A large-scale infant vaccination program against S. pneumoniae
with PCV7 was introduced in Liguria in 2003 and replaced by
PCV13 in 2013.2**® Infants receive three doses, at ages 3, 5, and
11 months, with vaccine uptake in Liguria being more than 90%
since 2007.** This retrospective cohort analysis estimated the
number and cost of hospitalizations and emergency department
(ED) visits associated with PD in children <15 years of age in the
Liguria region from 2012 to 2018.

Methods
Study design and population

This was a retrospective observational cohort analysis assessing
the economic burden of IPD and syndromic invasive disease,
all-cause pneumonia (including pneumococcal pneumonia),
and AOM in children <15years of age in Liguria, from
October 2012 to September 2018.

Patients with one or more inpatient or ED claim for PD (as
per International Classification of Diseases, Ninth Revision,
Clinical Modification [ICD-9-CM] diagnosis codes) were iden-
tified during the study period, using the codes described in
Supplementary Table S1. A gap of 30 days between two inpa-
tient or ED visits defined a new episode for all indications, with
6 months as the follow-up period for prescription drugs.

Data were collated for pneumococcal-specific ICD-9-CM
codes (pneumococcal meningitis, pneumococcal bacteremia,
and pneumococcal pneumonia) and for ICD codes for related
diseases for which S. pneumoniae could be a potential causative
pathogen (unspecified meningitis, unspecified bacteremia, all-
cause pneumonia, and AOM). The former provides specific
estimates with high certainty that episodes were caused by
S. pneumoniae, and the latter provides more sensitive estimates
that may capture additional pneumococcal episodes but may
also include episodes caused by other pathogens.

Data sources

The study was conducted using data from the Liguria Regional
Administrative Health Databases and the Ligurian Chronic
Condition Data Warehouse (CCDWH). The administrative data-
bases contain information on ED visits, outpatient visits, out-
patient pharmaceutical dispensing records, and hospitalizations
for the 1.6 million inhabitants in Liguria, such as the date of visit
or admission, diagnoses, procedures, length of stay, discharge
date, and discharge status (i.e., died or discharged alive). The
CCDWH integrates four administrative healthcare data flows
belonging to the regional health service and uses multiple
Medicare data sources (hospital dispensing records, discharge
diagnoses, medical fee exemptions, outpatient visits, and labora-
tory/imaging procedures) within a specified period using
a predefined algorithm based on the codes assigned to specific
diagnoses and procedures. These patient-level records are used to
identify any comorbidities at the time of an ED visit or hospital
admission. A record-linkage system then uses the unique perso-
nal identifiers to allow connections to be made across the two
data sources described above. All data are archived in a relational
database management system by means of big-data logic.

Costs of pneumococcal and related diseases

Costs of hospitalizations were based on diagnosis-related
group (DRG) tariffs for hospital admissions.’® Cost esti-
mates for hospitalizations and ED visits, including admis-
sion for short-term observation and procedures performed
in the ED, were estimated from the perspective of the
government as the payer. Costs related to ED visits leading
to hospitalization were estimated based on the DRG system
only, including costs of prescriptions during the 6-month
follow-up period.

Statistical analyses

The number and costs of ED visits and hospitalization
associated with each manifestation were estimated for chil-
dren <l15years of age overall, and then stratified by age
groups (0-4 and 5-14years) for the entire study period,
as well as for each year. For each outcome, the 95% con-
fidence interval (CI) range was estimated using the z-value
of normal distribution method. Continuous variables were
summarized as means and standard deviations (SDs), and
categorical variables as frequency distributions and 95% Cls
for patient demographics. Lastly, the per capita costs of ED
visits (cost of cases each year in relation to the resident
population of the same age group) were estimated for the
entire observation period. Data were analyzed using the
JMP software (Version 13.0.0; SAS Institute, Cary, NC,
USA). Medians were used to evaluate economic data. The
data provided in this study are descriptive in nature and no
formal comparisons were made.

Results
Patient demographics

From 2012 to 2018, there were 9,750 episodes of all-cause
pneumonia (including 287 episodes of pneumococcal pneu-
monia), 17,040 episodes of AOM, 695 episodes of bacteremia
(629 pneumococcal and 66 unspecified), and 11 episodes of
meningitis (five pneumococcal and six unspecified) in children
<15 years of age in Liguria (Table 1).

In total, 54.32% (95% CI: 53.74-54.91) of patients were
male, and the mean (SD) age was 5.01 (3.55) years. In this
study’s population, 11.51% (95% CI: 11.13-11.88) of chil-
dren in total had comorbidities, including chronic respira-
tory disease in 7.54% (95% CI: 7.23-7.85), cardiovascular
disease in 2.38% (95% CI: 2.20-2.56), neoplasia in 0.56%
(95% CI: 0.47-0.65), diabetes in 0.10% (95% CI: 0.06-0.14),
and renal failure in 0.07% (95% CI: 0.04-0.10) (Table 1).
These characteristics were representative of those of the
general population of children <15years of age in Liguria
during 2012-2018, with a total prevalence of comorbidities
of 6.90% (95% CI: 6.78-7.02). Prevalence of specific comor-
bidities were as follows: chronic respiratory disease in
3.50% (95% CI: 3.41-3.58), cardiovascular disease in
1.29% (95% CI: 1.23-1.34), neoplasia in 0.30% (95% CI:
0.27-0.32), diabetes in 0.13% (95% CI: 0.11-0.14), and renal
failure in 0.03% (95% CI: 0.02-0.04).
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Table 2. Healthcare resource utilization and costs for invasive pneumococcal disease and syndromic invasive disease, all-cause pneumonia, and acute otitis media, in

children <15 years of age in the Liguria region 2012-2018.

ED visits (without
hospitalization)

Hospitalization (including ED visits
with hospitalization)

Total ED visits and hospitalization

Year Number Costs (€) Number Costs (€) Number Costs (€) Cost per ED visit or hospitalization (€) Per capita yearly cost (€)
2012 2,592 82,872 1,090 3,638,915 3,682 3,721,787 1,011 21.05
2013 2,857 108,795 1,152 3,462,079 4,009 3,570,874 891 20.28
2014 3,005 127,837 1,334 3,641,428 4,339 3,769,265 869 21.60
2015 3,051 108,237 1,064 3,557,544 4,115 3,665,781 891 21.31
2016 2,680 92,598 1,059 3,500,250 3,739 3,592,848 961 21.17
2017 2,733 89,150 1,012 3,269,186 3,745 3,358,336 897 20.06
2018 2,993 102,301 1,046 3,275,177 4,039 3,377,478 836 20.46
Median 2,857 102,301 1,064 3,500,250 4,009 3,592,848 891 21.05

ED, emergency department.

Total number and costs of ED visits and hospitalizations

The total annual numbers and costs of ED visits and
hospitalizations for IPD and syndromic invasive disease,
all-cause pneumonia, and AOM combined in children
<15years of age are shown in Table 2. The total median
annual cost of ED visits and hospitalizations over the study
period was €3,592,848, with ED visits followed by hospita-
lizations accounting for 97% of these costs, the remainder
being ED visits that did not lead to hospitalization. The
median cost per episode was €891 and the median cost per
capita was €21.05. Both the total annual number of epi-
sodes and the associated costs appeared to remain stable
between 2012 and 2016, showing a sudden drop trend in

number of events and costs between 2017 and 2018, in
particular according to the upward trend of the regional
vaccine coverages at 24, 36 and 48 months (Figure 1).

Number and costs of ED visits and hospitalizations for
pneumonia, bacteremia, and AOM

The number and costs of ED visits and hospitalizations are shown
separately for pneumonia, bacteremia, and AOM in Tables 3-5.
All-cause pneumonia accounted for most hospitalization
costs (72.7%). The median annual cost of ED visits and hospita-
lizations associated with all-cause pneumonia was €2.61 million
(Table 3). Annual total costs of ED visits and hospitalizations

I Total ED visits and hospitalization costs
---@--- Vaccination coverage at 24 months
---@--- Vaccination coverage at 36 months

---@--- Vaccination coverage at 48 months
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Figure 1. Total ED visits/hospitalization costs and vaccination coverage in Liguria at 24, 36 and 48 months of age. ED, emergency department.



due to all-cause pneumonia fluctuated over time, with
a substantial burden remaining in 2018 of €2,485,962.
However, costs due to pneumococcal pneumonia showed
a decreasing trend from €194,813 in 2012 to €73,111 in 2018.
The number of cases and costs of pneumococcal-specific
bacteremia peaked at 119 and €580,673 in 2015 and then
declined to 60 and €342,270 in 2018, respectively. The number
of cases and costs of unspecified bacteremia remained stable
over time, with cases ranging from 6 in 2015 and 2018 to 12 in
2012, 2013, and 2017, and costs ranging from €21,500 in 2015
to €52,583 in 2012 (Table 4). Throughout the study period,
only five hospitalizations attributable to pneumococcal-specific
meningitis (occurring in 2012 and 2013), and only six

HUMAN VACCINES & IMMUNOTHERAPEUTICS . €2082205-5

hospitalizations attributable to unspecified meningitis (in
2013, 2014, and 2018) were reported. Bacteremia and menin-
gitis accounted for 11.3% and 0.25% of overall hospitalization
costs, respectively (data not shown).

AOM accounted for most episodes of PD overall
(61.6%, Table 1); however, more than 90% of AOM epi-
sodes were ED visits without hospitalization (Table 5), and
AOM accounted for only 9% of hospital costs. Annual
numbers and costs of AOM episodes fluctuated and
remained substantial throughout the study period, with
the number of cases ranging from 2,252 in 2014 to 2,593
in 2018, and costs ranging from €274,896 in 2016 to
€376,694 in 2013.

Table 3. Healthcare resource utilization and costs for pneumonia, for children aged <15 years in the Liguria region 2012-2018.

ED visits (without
hospitalization)

Hospitalization (including ED visits
with hospitalization)

Total ED visits and hospitalization

Year Number Costs (€) Number Costs (€) Number Costs (€) Cost per ED visit or hospitalization (€) Per capita yearly cost (€)

Pneumococcal pneumonia
2012 0 0 62 194,813 62 194,813 3,142 1.10
2013 0 0 53 157,587 53 157,587 2,973 0.89
2014 0 0 50 150,799 50 150,799 3,016 0.86
2015 0 0 44 222,796 44 222,796 5,064 1.29
2016 0 0 15 59,917 15 59,917 3,994 0.35
2017 0 0 41 169,213 41 169,213 4,127 1.01
2018 0 0 22 73111 22 73,111 3,323 0.44
Median 0 0 44 157,587 44 157,587 3,323 0.89

All-cause pneumonia
2012 387 24,167 779 2,086,167 1,166 2,110,334 1,810 11.94
2013 629 47,860 826 2,438,989 1,455 2,486,849 1,709 14.12
2014 951 70,667 987 2,890,407 1,938 2,961,074 1,528 16.97
2015 676 44,189 743 2,581,105 1,419 2,625,294 1,850 15.26
2016 478 32,428 781 2,682,442 1,259 2,714,870 2,156 15.99
2017 445 31,295 736 2,578,959 1,181 2,610,254 2,210 15.59
2018 570 41,062 762 2,444,900 1,332 2,485,962 1,866 15.06
Median 570 41,062 779 2,578,959 1,332 2,610,254 1,850 15.26

ED, emergency department.

Table 4. Healthcare resource utilization and costs for bacteremia, for children
aged <15 years in the Liguria region 2012-2018.

Total ED access and hospitalization®

Costs Cost per ED visit or Per capita yearly
Year Number (€) hospitalization (€) cost (€)
Pneumococcal bacteremia
2012 93 319,777 3,438 1.81
2013 97 360,785 3,719 2.05
2014 112 389,813 3,480 2.23
2015 119 580,673 4,880 3.37
2016 79 463,616 5,869 2.73
2017 69 388,508 5,631 2.32
2018 60 342,270 5,705 2.07
Median 93 388,508 4,880 2.23
Unspecified bacteremia
2012 12 52,583 4,382 0.30
2013 12 37,039 3,087 0.21
2014 8 23,516 2,940 0.13
2015 6 21,500 3,583 0.12
2016 10 43,114 4,311 0.25
2017 12 41,495 3,458 0.25
2018 6 22,376 3,729 0.14
Median 10 37,039 3,583 0.21

ED, emergency department.
*There were no ED visits without hospitalization for bacteremia during the study
period.

Prescriptions during follow-up period

The numbers and costs of prescriptions and days of drug
therapy during the 6-month follow-up period after ED visits
or hospitalizations from 2012 to 2018 are shown in Table 6.
The median annual number of prescriptions in the study
period was 3,469, with a median annual cost of €199,810,
including €42,320 for antibacterial agents. Number of prescrip-
tions, days of therapy, and costs of prescriptions for antimi-
crobials and antibacterial agents remained constant during the
study period. Numbers of prescriptions ranged from 3,228 in
2016 to 3,730 in 2014, and days of therapy ranged from 102,792
in 2016 to 137,212 in 2014. Costs of antimicrobials ranged from
€67,891 in 2016 to €103,372 in 2015, and of antibacterial agents
from €64,457 in 2016 to €92,906 in 2014.

Discussion

This is the first study describing the post-PCV13 economic
burden of PD in children in the Liguria region of Italy. Overall,
the study population was representative of the general
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Table 5. Healthcare resource utilization and costs for acute otitis media, for children aged <15 years in the Liguria region 2012-2018.

ED visits (without
hospitalization)

Hospitalization (including ED visits
with hospitalization)

Total ED access and hospitalization

Year Number Costs (€) Number Costs (€) Number Costs (€) Cost per ED visit or hospitalization (€) Per capita yearly cost (€)
2012 2,205 58,705 196 288,779 2,401 347,484 145 1.97
2013 2,228 60,935 203 315,759 2,431 376,694 155 2.14
2014 2,054 57,170 198 289,020 2,252 346,190 154 0.20
2015 2,375 64,048 161 241,648 2,536 305,696 121 1.78
2016 2,202 60,197 152 214,699 2,354 274,896 117 1.62
2017 2,288 57,855 185 283,842 2,473 341,697 138 2.04
2018 2,423 61,250 170 230,432 2,593 291,682 112 1.77
Median 2,228 60,197 185 283,842 2,431 341,697 138 1.78

ED, emergency department.

Table 6. Pharmaceutical prescriptions (days of drug therapy), antibiotic prescriptions, and cost for children aged <15 years in the Liguria region 2012-2018.

Pharmaceutical prescriptions during the 6-month

Antibiotic prescriptions during the 6-month follow-up

follow-up Antimicrobials Antibacterials

Number of Days of drug Number of Days of drug Costs Number of Days of drug Costs
Year prescriptions therapy Costs (€) prescriptions therapy (€) prescriptions therapy (€)
2012 3,294 113,811 190,602 2,838 42,646 93,389 2,829 42,089 84,488
2013 3,482 117,531 162,161 3,017 47,291 86,848 3,011 46,250 85,597
2014 3,730 137,212 240,876 3,265 53,840 101,759 3,257 53,547 92,906
2015 3,640 122,792 199,810 3,180 47,604 103,372 3,174 47,023 79,409
2016 3,228 102,792 248,392 2,769 39,739 67,891 2,764 39,373 64,457
2017 3,326 115,743 1,168,394° 2,862 41,210 95,871 2,857 40,950 68,290
2018 3,469 126,231 190,392 2,971 42,929 93,174 2,964 42,320 75,131
Median 3,469 117,531 199,810 2,971 42,929 93,389 2,964 42,320 79,409

?Includes one outlier — a patient who received 51 days of therapy with B02BD02 coagulation factor VIIl.

population of children <15 years of age in Liguria during 2012-
2018. In this study, we reported median costs rather than mean
costs to reduce the influence of outliers from skewed distribu-
tions. All-cause pneumonia accounted for the majority of the
total costs of ED visits and hospitalization, with a median cost
of €2.61 million over the study period. AOM accounted for
90% of episodes recorded; however, it only accounted for 9% of
overall hospital costs. There were very few cases of bacteremia
or meningitis (pneumococcal or unspecified); however, as the
cost per episode was high, these diagnoses led to high hospita-
lization costs. In addition, there was a median number of 3,469
prescriptions attributable to all-cause pneumonia, IPD, syn-
dromic invasive disease, or AOM annually, with a median
annual cost of €195,206. Overall, there remained a substantial
economic burden of ED visits and hospitalizations associated
with pneumococcal diseases in children aged <15 years in the
Liguria region of Italy, despite a well-established infant pneu-
mococcal vaccination program.

The results of the study showed a gradual decrease in the
number of ED access/hospitalizations and costs for pneumo-
coccal disease in children 0-15 years in Liguria; this could be
linked to increased immunization coverage.

From 2012 to 2018, the number of pneumococcal pneumo-
nia cases decreased, while the number of all-cause pneumonia
cases fluctuated but remained relatively constant or even
increased over time. These findings are consistent with other
studies. A persisting burden of all-cause pneumonia has been
documented in Veneto,'” other regions in Italy," elsewhere in
Europe,’"** and worldwide.”

There are currently limited data on the economic burden of
pneumococcal diseases for comparison with our estimates. In
Spain, mean annual costs of hospitalization due to PD for all
patients registered in a hospital discharge database were
€104.2 million; 50% of these costs were associated with pneu-
monia, a smaller proportion than in the current study.” In the
Veneto region of Italy, total regional expenditure due to AOM
in children aged <15years was €2.76 million in 2017.'"® In
addition, the cost of PD was found to be especially high in
children with comorbidities in the United States.***

Notably, cost-effectiveness analyses represent the majority
of evidence on resource use, costs for PD, and associated
interventions in TItaly.® Therefore, our study fills
a knowledge gap in this research field. Moreover, CCDWH,
the data source used for this study, has been used effectively in
a previous study of our working group.”” There are several
study limitations. First, this is a database study that utilized
ICD codes to identify pneumococcal diseases. Clinical labora-
tory results that could provide information on the pathogens
causing disease were not available. We addressed this limita-
tion by including both pneumococcal-specific ICD codes and
ICD codes for related diseases for which S. pneumoniae could
be a potential causative pathogen. Consequently, the study
provides two estimates of cost: one which is highly specific,
with a high degree of certainty that episodes included in the
analysis were caused by S. pneumoniae, and one that is more
sensitive, with the potential to capture additional undetected
pneumococcal episodes, but also episodes that may be caused
by other pathogens. Second, non-medical costs and indirect



medical costs, for example the caregiver’s time, transporta-
tion, and loss of earnings, were not accounted for in this
study.

Conclusions

In Liguria, there remained a significant economic burden of ED
visits and hospitalization associated with pneumococcal diseases
in children <15 years of age. The majority of costs were due to
pneumonia. The impact of future PCVs on the burden of PD will
depend on the proportion of diseases caused by S. pneumoniae
and vaccine-type serotypes.
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