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Abstract: The lack of invasive pneumococcal disease (IPD) cost studies may underestimate the effect of
pneumococcal polysaccharide conjugated vaccines (PCV). The objective of this study was to estimate
the direct costs of hospitalized IPD cases. A prospective study was made in children aged <5 years
diagnosed with IPD in two high-tech hospitals in Catalonia (Spain) between 2007-2009 (PCV?7 period)
and 2012-2015 (PCV13 period). Costs were calculated according to 2014 Catalan Health Service rates
using diagnostic-related groups. In total, 319 and 154 cases were collected, respectively. Pneumonia
had the highest cost (65.7% and 62.0%, respectively), followed by meningitis (25.8% and 26.1%,
respectively). During 2007-2015, the costs associated with PCV7 serotypes (Pearson coefficient (Pc) =
—0.79; p = 0.036) and additional PCV13 serotypes (Pc = —0.75; p = 0.05) decreased, but those of other
serotypes did not (Pc = 0.23 p = 0.62). The total mean cost of IPD increased in the PCV13 period by
31.4% (€3016.1 vs. €3963.9), mainly due to ICU stay (77.4%; €1051.4 vs. €1865.6). During the PCV13
period, direct IPD costs decreased due to a reduction in the number of cases, but cases were more
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severe and had a higher mean cost. During 2015, IPD costs increased due to an increase in the costs
associated with non-PCV13 serotypes and serotype 3 and this requires further investigation.

Keywords: PCV7; PCV13; invasive pneumococcal disease; direct cost

1. Introduction

Invasive pneumococcal disease (IPD) is a major cause of morbidity and mortality in children
aged < 5 years and occurs mostly as pneumonia or other serious forms such as meningitis, bacteremia
or osteoarticular infections. In 2000, 14.5 million cases of IPD were estimated to have occurred in
children aged < 5 years, causing 7,350,000 deaths [1]. Subsequently, following the introduction of
pneumococcal polysaccharide conjugated vaccines (PCV) in 2015, 3.7 million episodes of IPD were
estimated in this age group, causing 294,000 deaths [2]. Despite this reduction, deaths attributable to
Streptococcus pneumoniae in 2015 accounted for 11% of deaths in children aged < 5 years not infected
with HIV. Incidence and mortality rates are higher in developing countries and most deaths occur in
the African and Asian regions [3]. The European Medicines Agency (EMA) licensed the seven-valent
PCV (PCV7) in February 2001 [4] and, in April and December 2009, the 10-valent PCV (PCV10) [5]
and the 13-valent PCV (PCV13) [6], respectively. During 2017, the incidence rate of IPD in Europe was
14.5 cases per 100,000 persons in children aged < 1 year, and 24% of cases in children aged < 5 years
were due to PCV13 serotypes [7].

Studies show that, after the introduction of PCV10 and PCV13, there was a decrease in IPD
incidence in children and adults [8-15]. However, some reports have observed an increase in IPD in
children aged < 5 years due to non-PCV13 serotypes [16].

While the licensing of PCVs has led to numerous changes in the epidemiology of IPD, which have
been extensively studied microbiologically and epidemiologically, there are few studies of the costs of
IPD [17], which may imply an underestimate of the disease itself and, as a consequence, of the effect of
these vaccines.

The costs of IPD vary greatly depending on the geographical scope and design of the study.
Each region has its own health policies, its own health system, and its epidemiologic reality in terms of
circulating serotypes [18]. This makes it difficult to extrapolate cost studies from one region to another.
Likewise, many cost studies only refer to cases of invasive pneumonia in children [19] or are included
in studies covering the total cost of community-acquired pneumonia in children and adults [20,21].
Other cost studies that reflect the total clinical manifestations of IPD focus only on adults [22,23].

The objective of this study was to estimate the costs of IPD cases requiring hospital admission in
children aged < 5 years in high-tech pediatric hospitals in Catalonia (Spain) following the licensing of
the PCV7 and PCV13 and to compare and identify the differences between the two periods and the main
factors that may involve variations in the costs of IPD, both globally and in the mean cost per case.

2. Materials and Methods

2.1. Study Design

A prospective study was conducted in children aged < 5 years diagnosed with IPD in two periods.
The first period was between 1 January 2007 and 31 December 2009 and corresponded to the period
in which the vaccine licensed was PCV7. The second, from 1 January 2012 to 31 December 2015,
corresponded to the period in which the vaccine licensed was PCV13. In both periods, two high-tech
pediatric hospitals in Catalonia participated, namely the Sant Joan de Déu Hospital and the Vall
d’Hebron Mother-Child Hospital, which account for 31.9% of hospital discharges in Catalonia of
children aged < 5 years during the first period and 28.9% during the second period, according to
data provided by the Minimum Basic Data Set of Hospital Discharges [24]. The present study was
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conducted as a secondary analysis and is based on the data of two prospective studies performed by
the same research group so all cases included were collected prospectively and consecutively during
the two periods.

2.2. Case Selection

Patients aged < 5 years hospitalized with a diagnosis of IPD during the study periods in the two
participating centers were recruited. IPD was defined as clinical findings of infection together with
isolation and/or detection of DNA of the neumolisin gene (ply) and a wzg capsular gene (cpsA) of S.
pneumoniae by real-time PCR in a normally sterile sample according to the methodology described [25,26].
The strains of S. pneumoniae isolated by culture were serotyped using the Quellung reaction or dot blot
by the National Center for Microbiology, Majadahonda, Madrid [27]. Identification of the S. pneumoniae
serotype in samples with negative culture and positive PCR was made by PCR in accordance with
the previously reported methodology [25,28].

2.3. Demographic, Clinical and Epidemiological Variables

The following demographic, clinical and epidemiological variables were recorded for each case:
age, sex, date of birth, date of symptom onset, previous care in other hospitals, hospitalization date,
clinical form of IPD (meningitis, septic shock, pneumonia, complicated pneumonia, osteoarticular
infection, occult bacteremia and others), complications, intensive care unit (ICU) admission and length
of stay, and pre- and post-admission antibiotic therapy (days of treatment and antibiotics administered).

2.4. Statistical Analysis

Differences between the two study periods in the demographic, clinical, and epidemiological
variables were analyzed using Pearson’s chi-square test for categorical variables and the Student’s t-test
for continuous variables. The annual evolution of the costs associated with IPD was analyzed by simple
linear regression. The linear relationship was checked by ANOVA tests, and Pearson’s correlation
coefficients (Pc) were obtained. The 95% confidence intervals (CIs) were calculated, and values of
p < 0.05 were considered statistically significant. The analyses were conducted using the Statistical
Package for Social Sciences (SPSS 19.0).

2.5. Economic Analysis

The costs of IPD cases were calculated taking into account the following health service resource use:
hospitalization (differentiating between hospitalization in acute hospital, ICU stay and hospitalization
in high-tech hospital), interhospital transfer, follow-up medical visits, and outpatient treatment with
antibiotics. The unit costs of each resource were the rates published by the Catalan Health Service for
the provision of health services through the network of public hospitals and other suppliers.

The cost of hospitalization was estimated using the diagnostic-related group (DRG) methodology.
This method is based on two concepts: the relative resource intensity (RRI), which takes into account
the complexity of the cases attended, and the intensity relative hospital intensity (RHI), which measures
the structure that hospital has to address the disease. Both concepts are regulated annually by
the Catalan Health Service [29].

The mean cost per hospital discharge for each facility was calculated using the following formula [30].

Mean Hospital Discharge Cost = 65% RHI + 35% RRI 1)

Sant Joan de Déu and Vall d'Hebron are classified as high technology hospitals (Group 4).
The mean costs per hospital discharge and the number of cases treated in each hospital were considered,
and the weighted average was obtained so that the same unit cost was allocated to the hospital
discharge regardless of the period in which the patient entered. The mean costs per hospital discharge
related to prior hospitalization were calculated using their own RHI and RRI values.
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The 2014 RRI and RHI indices were applied, and costs were expressed as 2014 euros [30]. Days of
acute hospitalization were differentiated from those of ICU hospitalization. The cost per hospital
discharge included all diagnostic tests and pharmacological treatments required during hospitalization.
The days of ICU stay were added to this cost.

The unit cost of follow-up visits after hospital discharge was considered according to the structural
complexity of the hospital center [30], while the unit cost of a primary care center visit was the same
for all Catalonia [31].

To establish the unit cost of inter-hospital transfer, we differentiated between scheduled and urgent
services, defined as those that accounted for direct entry into the hospital ICU. Since the amount of
an urgent inter-hospital transfer is not published in the official documents, it was estimated to be twice
the amount of a non-urgent transfer [32,33].

The unit cost of administering outpatient antibiotics was calculated from the public sale price
of the prescribed generic antibiotic and only the portion financed by the Catalan Health Service was
charged as a cost.

2.6. Data Confidentiality and Ethical Aspects

No diagnostic tests were made or samples taken from any participant in addition to those
required by routine care. The study complies with the principles of the Declaration of Helsinki
and the legal structure according to international human rights and biomedicine and personal data
protection legislation.

The Ethics Committee of Hospital Sant Joan de Déu approved the study (CEIC PIC-52-11; approved
on 14/11/2011). Informed consent signed by parents or legal guardians was given for all participants.
All data were treated as confidential and records were accessed anonymously.

3. Results

During the two study periods, 473 cases were collected: 319 (67.4%) during the first period (88 in
2007, 98 in 2008, and 133 in 2009) and 154 (32.6%) during the second (45 in 2012, 34 in 2013, 35 in 2014,
and 40 in 2015). The first half of Table 1 shows the clinical and sociodemographic characteristics of
patients included: 56.4% (267) of the cases were male and 43.6% (206) female. Patients aged < 1 year
accounted for 16.3% of cases (77 cases), patients aged 12-23 months for 26.8% (127 cases), and patients
aged 24-59 months 56.9% (269 cases). In total, 303 (64.1%) cases were treated at Sant Joan de Déu
and 170 (35.9%) at Vall d'Hebron. In both study periods, pneumonia was the most common clinical
presentation (79.6% and 67.5%, respectively) followed by meningitis (9.1% and 11.7%, respectively).
The highest percentage of meningitis cases were in 2013 and 2015, 20.6% and 15.0%, respectively
(annual data provided on demand).

Of the 319 IPD cases in the first period, 300 (94.0%) were serotyped. Of these, 27 (9%) were PCV7
serotypes, 182 (60.7%) were serotypes added to the PCV13, and 91 (30.3%) were non-PCV13 serotypes.
During the second period, 149 (96.7%) cases were serotyped; 19 (12.7%) were PCV7 serotypes, 70
(47.0%) were serotypes added to the PCV13, and 60 (40.3%) were non-PCV13 serotypes.

3.1. Health Resources Associated with IPD

The second half of Table 1 shows the health resources associated with IPD in the study periods.
During the second study period, there was a higher proportion of patient transfers from their hospital
of origin to one of the two study hospitals (24.1% vs. 33.8%; p = 0.028), especially for meningitis (24.1%
vs. 55.6%; p = 0.029). The proportion of urgent transfers was higher during the second study period
both overall (14.3% vs. 38.5%; p = 0.002), and for pneumonia (4.4% vs. 22.2%; p = 0.008) (data on
clinical entity provided on demand).
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Table 1. IPD patient characteristics and health resource use in the two study periods.

Variable PCV7 Period ! PCV13 Period 2 p Value
(319 Cases) (154 Cases)
Sex
Female 148 (46.4%) 58 (37.7%) 0.073
Male 171 (53.6%) 96 (62.3%)
Mean age (SD) 29.6 (15.7) 26.7 (16.0) 0.057
Clinical presentation
Meningitis 29 (9.1%) 18 (11.7%) 0.273
Septic shock 3 (0.3%) 4 (2.6%) 0.222
Pneumonia 254 (79.6%) 104 (67.5%) 0.004
Non-focal bacteremia 25 (7.8%) 16 (10.4%) 0.355
Osteoarticular infection 6 (1.9%) 7 (4.5%) 0.097
Mastoiditis - 5(3.2%) -
Orbital cellulitis 2 (0.6%) - -
ICU admission 44 (13.8%) 37 (24.0%) 0.006
Median ICU stay (SD) 0.8 (3.1) 1.6 (5.5) 0.086
Hospital transfer 77 (24.1%) 52 (33.8%) 0.028
Urgent transfer 11 (3.4%) 20 (13.0%) >0.001
Non-urgent transfer 66 (20.7%) 32 (20.8%) 0.982
Mean days of previous hospitalization (SD) 0.8 (2.0) 0.7 (2.2) 0.587
h“‘;;‘;:ﬁﬁ:;i:‘gb;e"h hospital 9.8 (6.3) 10.6 (7.5) 0.226
Outpatient treatment 265 (83.1%) 124 (80.5%) 0.496
Follow up visits
Primary care 72 (22.6%) 42 (27.3%) 0.263
Specialist 247 (77.4%) 112 (72.7%)

IPD, Invasive pneumococcal disease; 1 2007-2009; 2 2012-2015.

More cases were admitted to the ICU during the second study period overall (13.8% vs. 24.0%; p
= 0.006) and for cases of pneumonia (5.5% vs. 16.3%; p = 0.001). The mean number of ICU days per
patient during the first period was 0.8 days and peaked in 2009 (1.2 days). In 2007 and 2008, the mean
ICU stay per patient was 0.5 days. During the second period, the mean number of ICU days per
patient was 1.6. The mean days of ICU stay in 2012, 2013, 2014, and 2015 were 1.3, 2.1, 0.8, and 2.4
days, respectively.

No significant differences were found between the two study periods in the mean duration of
hospitalization and outpatient treatment according to the clinical presentation, except for meningitis,
where the days of hospital antibiotic treatment were greater during the second study period (14.5 days
vs. 22.6 days, p = 0.018). There were no differences in hospital and primary care follow-up visits.

3.2. Distribution of the Cost of IPD According to Clinical form and Health Resources

During the two study periods, pneumonia was the clinical presentation with the highest cost
(65.7% and 62.0%, respectively), followed by meningitis (25.8% and 26.1%, respectively), other forms
of IPD (5.7% and 7.4%, respectively), and non-focal bacteremia (2.8% and 4.4%, respectively).

During the first period, the greatest overall costs were due to hospitalization in study hospitals
(56.6%), days of ICU admission (34.9%), and days of previous hospitalization (4.3%). During the second
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study period, the greatest overall costs were days of ICU admission (47.1%), hospitalization in study
hospitals (46.6%), and days of previous hospitalization (2.8%) (Figure 1).

100%

90% _ ]
80%

70%

60%

50%

40%

30%

20% .

0%

% PCV7 % PCV13 % PCV7 % PCV13 % PCV7 % PCV13
period cost period cost | period cost period cost period cost period cost

% PCV7 % PCV13
period cost period cost

% PCV7 % PCV13
period cost period cost

Meningitis Pneumonia ‘ Non-focal bacteremia ‘ Other forms of IPD ‘ Total IPD

m Days of previous hospitalization M |CU stay m Days of high technology hospital hospitalization
Days of outpatient antibiotics M Urgent hospital transfer M Non-urgent hospital transfer
Hospital follow-up visits Primary care follow-up visits

IPD, Invasive pneumococcal disease; PCV7 period: 2007-2009; PCV13 period: 2012-2015.

Figure 1. Total cost of IPD according to clinical presentation and study period.

For meningitis, in both study periods, the ICU stay generated the most costs (68.5% and 59.6%,
respectively) followed by hospitalization in study hospitals (28.8% and 35.0%, respectively), and hospital
follow-up visits (1.5%) during the first study period, and days of previous hospitalization (3%) in
the second period.

For pneumonia, the ICU stay went from second to first position as the service that generated
the most costs (20.2% during the first study period and 46.7% during the second).

For non-focal bacteremia, days of hospitalization (96.4%) were the costliest service during the first
study period, followed by primary care follow-up visits (2.8%) and days of outpatient antibiotic
treatment (0.5%). During the second study period, days of hospitalization (78.4%) were the costliest
service, days of ICU stay (19.2%) occupied the second place, followed by primary care follow-up visits
(1.8%).

3.3. Annual Evolution of the Costs Associated with IPD

The evolution of the total annual costs associated with IPD during the two study periods is shown
in Table 2. The direct costs associated with IPD peaked in 2009. The highest per-patient costs were
recorded in 2013 and 2015.

Table 2. Annual evolution of costs associated with IPD according to health resources.

Year (Cases) 2007 (88) 2008 (98) 2009 (133) 2012 (45 2013 (34) 2014 (35) 2015 (40)
Days of previous €16,7504  €12,7238  €11,5964  €5959.3 €4026.5 €805.3 €6281.4
hospitalization

ICU stay €58500.0  €67,600.0  €209,300.0 €75400.0  €93,600.0  €35100.0  €122,200.0
Days of high technology €160,566.3 €1769364 €207,238.5  €80,109.0  €87,597.5  €54,334.8  €62,345.7
hospital hospitalization

Days of outpatient antibiotics €493.1 €621.5 €809.3 €328.7 €171.9 €190.2 €218.6
Urgent hospital transfer €327.0 €490.6 €981.1 €654.1 €981.1 €817.6 €817.6
Non-urgent hospital transfer €1635.2 €1880.5 €1880.5 €899.4 €735.8 €327.0 €654.1
Hospital follow-up visits €7830.0  €104613  €11359.9  €40433 €3209.0 €2374.7 €3979.2
Primary care follow-up visits €660.0 €390.0 €1110.0 €330.0 €270.0 €420.0 €240.0
Total €467619 €271,1042 €4442756 €167,723.8 €190,591.8  €94369.6  €196,736.5
Total per patient €2804.1 €2766.4 €3340.4 €3728.0 €5605.6 €2696.3 €4981.4

IPD, Invasive pneumococcal disease; all costs in 2014 euro.
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Depending on the health resources used, there was a decrease in all costs, except for urgent hospital
transfers and the ICU stay. The decrease was significant in the costs related to prior hospitalization
(Pc = —-0.95; p = 0.005), hospitalization in study hospitals (Pc = —0.90; p = 0.006), days of outpatient
antibiotic treatment (Pc = —0.81; p = 0.026), non-urgent hospital transfers (Pc = —0.92; p = 0.003),
and hospital follow-up visits (Pc = —0.84; p = 0.017). There was a significant decrease in the direct costs
associated with PCV7 serotypes (Pc = —0.79; p = 0.036) but not in those associated with the serotypes
added to the PCV13 (Pc = —0.75; p = 0.05) or in the total annual direct costs of IPD (Pc = —0.63; p = 0.131).
The direct costs associated with non-PCV13 serotypes increased (Pc = 0.23; p = 0.625) (Figure 2A,B).
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Figure 2. (A) Annual evolution of costs associated with IPD according to PCV serotypes; and (B) Annual
evolution of costs associated with IPD according to PCV serotype.
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3.4. Variation in the Mean Cost of IPD

The total mean cost of IPD increased in the second study period by 31.4% (€3016.1 vs. €3963.9)
(Table 3). The greatest increase in costs was for non-focal bacteremia (57.3%), followed by pneumonia
(46.3%) and meningitis (3.2%). The costs of other focal IPDs fell by a mean of —42.8%.

The greatest increases in costs were for urgent intra-hospital transfers (276.6%) and days of
ICU stay (77.4%), due to the increase in these resources in treating pneumonia (551.3% and 238.9%,
respectively). The costs of days of hospital stay in study hospitals increased by 8.1%, while those of
hospitalization in pre-transfer hospitals decreased by 13.9% (Table 3).

3.5. Variation in the Proportion of Costs Associated with Serotypes

During the two study periods, the proportion of IPD costs caused by PCV7 serotypes decreased
slightly (9.0%, and 7.1%, respectively), while there was an important decrease in the proportion of
the costs associated with serotypes added to the PCV13 between the two periods (64.7% and 42.8%,
respectively). The proportion of the cost of IPD caused by non-PCV13 serotypes increased in the second
period (26.3% and 50.1%, respectively) (Figure 3A).
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Figure 3. (A) Variation in the proportion of IPD costs according with PCV serotypes in the two study
periods; and (B) variation in the proportion of IPD costs according with additional PCV13 serotypes in
the two study periods.
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Table 3. Variation in the mean cost of health resources associated with IPD according to clinical presentation and study period.

9of 15

Meningitis Pneumonia Non-Focal Bacteremia Other Focal IPD Total
Health Resources
PCV7 Period PCYB Percent PCV7 Period PCYB % PCV?7 Period PCYB Percent PCV7 Period PCYB Percent PCV7 Period PCYB Percent
Period Period Period Period Period
Days of previous 9 —24.99 -13.99
hospitalization (SD) €611 (174.4)  €268.4 (665.2) 339.4% €1547 (356.9) €1162 (312.9) 24.9% €0.0 (0.0) €0.0 (0.0) - €0.0(0.0) €10.1 (40.3) - €128.7 (329.5) €110.9 (347.2) 13.9%
€5872.4 €52722 . €501.6 €1700.0 . €325.0 ) €3427.3 €650.0 Can o €1051.4 €1865.6 .
ICU stay (SD) (7766.0) (4356.8) —10:2% (915.1) (8335.9) 238.9% €0000) (1300.0) (7674.9) (1424.1) 81.0% (4070.2) (7140.4) 774%
Days of high-tech hospital ~ €2474.1 €3096.0 2519 €1699.7 €1686.2 o €1037.9 €1327.9 2799, €13932 €2002.7 1579 €1707.6 €1846.7 81
hospitalization (SD) (1871.2) (1882.8) e (976.8) (935.9) o (644.7) (1656.9) e (678.9) (1500.8) e (1098.0) (1305.9) e
Days of outpatient o 0 =0 —0 7o o ¢
atibiotics (SD) €0.7 (2.3) €0.7 (2.4) 3.1% €6.6(3.8) €65 (4.9) 0.5% €49 (3.9) €49 (2.7) 0.7% €9.8(9.8) €10.1(6.7) 3.4% €6.0 (4.4) €59 (5.3) 0.6%
Utrrg;‘;‘fehr"(sspg)al €395(712)  €81.8(84.1) 107.1% €19(17.7) €126 (43.8) 551.3% €0.0 (0.0) €0.0 (0.0) - €149(49.3)  €307(659)  106.2% €5.6(29.9) €212 (55.1) 276.6%
N"“tr‘;;iz: (}‘S‘g’“al €0.0 (0.0) €4.5(19.3) - €09 (357)  €22.0(36.4) 5.2% €3.3(16.3) €5.1(20.4) 56.2% €0.0 (0.0) €102 (27.9) - €169(332)  €17.0(33.3) 0.4%
H”{’/‘itsﬁsf‘(‘g]g;”'“P €1284(00)  €128.4(0.0) 0.0% €96.5(50.6)  €88.9 (55.3) -7.9% €0.0 (0.0) €0.0 (0.0) - €1284(00)  €128.4(0.0) 0.0% €929 (53.7)  €88.3(56.9) —4.9%
Pr‘marvyi;i‘:e(ég;"w’“p €0.00 (0.0) €0.0 (0.0) - €5.6(11.7) €7.5 (13.0) 35.1% €30.0 (0.0) €30.0 (0.0) 0.0% €0.0 (0.0) €0.0 (0.0) - €6.8 (12.6) €8.2(134) 20.8%
€8576.5 €8852.0 . €24875 €3639.9 ) €1076.1 €1692.9 . €49735 €2842.1 oo €3016.1 €3963.9 .
Total (SD) (9114,1) (5135,7) 3.2% (3118.6) (8522.3) 463% (648.9) (2043.7) 57.3% (7540.3) (2256.6) 42.8% (4510.2) (7493.6) 31.4%

IPD, Invasive pneumococcal disease; PCV7 period: 2007-2009; PCV13 period: 2012-2015.
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Changes in the proportion of costs associated with serotypes added to the PCV13 were observed
between the two study periods. In the first period, the serotypes that produced the highest costs were
19A and 3 (32.0% and 25.1% of the total cost, respectively) followed by serotype 1 (22.5% of the total
cost). In the second period, serotype 3 accounted for 37.5% of the total costs associated with serotypes
added to the PCV13 followed by serotype 19A (28.5%) and serotype 7F (20.5%) (Figure 3B).

4. Discussion

Invasive pneumococcal disease entails a high cost for the health system. Our results show that,
after the introduction of PCV13, the direct costs associated with IPD in children aged < 5 years in
Catalonia (Spain) decreased globally and for all clinical presentations due to a reduction in the number
of cases. These results are comparable to the decrease in hospitalizations observed by Baldo et al. [20] in
children aged 0—4 years in the Venetto area. In both study periods, pneumonia was the costliest clinical
presentation, followed by meningitis. However, meningitis had the highest mean cost, followed by
pneumonia. The years 2013 and 2015 had the highest proportion of patients with a clinical presentation
of meningitis and, therefore, the years with the highest cost per patient. This is consistent with
the findings of Ceyhan et al. [34] and is due to the fact that meningitis is a more severe disease involving
greater use of health resources. The fact that more than 60% of the costs of IPD in the two study periods
were associated with pneumonia means that preventing this presentation alone would affect much of
the cost associated with IPD. Hernandez et al. [35] found that an increase in pneumococcal pneumonia
was associated with children aged 2—4 years in epidemic influenza periods. Consideration should
be given to influenza vaccination in this age group, as the double objective of preventing influenza
infection and the increase in associated cases of pneumococcal pneumonia would be achieved.

The health resources that generated the most costs varied from one study period to the other.
During the first period, the days of hospitalization in study hospitals generated the highest costs.
Lagos et al. [36] calculated that 70-75% of the total costs of IPD were due to days of hospitalization.
During the second period, the health service that generated the highest costs was the ICU stay.
This increase was particularly relevant for pneumonia, where not only the costs of the ICU stay
increased but also those of urgent transfers. This, together with the small variations in the costs of
the other study items implies greater severity in this type of clinical form. Brotons et al. [19] identified
the ICU stay and complications during hospitalizations as factors that increased the cost of the clinical
form of pneumonia. We found that the ICU stay was the factor that most increased the cost per IPD
patient overall. The years that had the highest number of ICU days per patient also had the highest
overall cost per patient.

The use of major health resources increased during the second study period, resulting in increased
mean costs in general, as well as for meningitis, pneumonia, and non-focal bacteremia. Comparison of
the two study periods showed that the factors that increased the most in the second period were
the days of ICU admission and urgent health transfers, indicating that the severity of IPD, and therefore
the costs, increased during the second study period. In addition, while the overall costs of IPD
decreased between the first and second periods due to the reduction in the number of cases, the cases
that occurred in the second period were more severe, consumed more health resources, and had a 31.4%
higher mean cost. Although some authors had already warned of a possible increase in the severity of
IPD after the introduction of PCV [37], to the best of our knowledge, this is the first study in which this
increase in severity has been quantified and reflected as an increase in costs.

Brotons et al. [19] and Song et al. [22] found that the time from symptom onset to hospital
admission was not a determining factor in establishing the case severity and the consequent increase in
costs. The increased severity of IPD cases during the second study period may be related to changes in
the circulating serotypes following the introduction of the PCV13 [38]. In the PCV13 period, the direct
cost associated with IPD in children aged < 5 years decreased significantly in IPD cases produced
by PCV7 serotypes and, above all, in the serotypes added to the PCV13, but not from non-PCV13
serotypes. The increase in non-PCV serotypes cases, together with the reduction in PCV13 serotypes
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associated with pneumonia (especially serotype 1) could also explain the increase in the diversity
of the clinical presentations of IPD and the decrease in pneumonia cases during the second study
period. The proportion of costs associated with the six serotypes added to the PCV13 during the second
period remained much higher than that of the seven PCV7 serotypes. This might be explained by
the licensing of the PCV7 in 2001, resulting in these serotypes being influenced for longer by the effects
of the vaccine coupled with the replacement phenomenon, especially that produced by serotypes 1, 3,
and 19A [39,40], which occurred, in our study, in 2009. In addition, the distribution of costs associated
with IPD produced by the serotypes added to the PCV13 was very uneven. While the proportion
of costs associated with serotype 1 decreased, the proportion associated with serotype 3, which is
associated with complicated pneumonia [41], rose from 25.1% of the total costs of additional serotypes
to 37.5%, and those of serotype 19A remained stable. This may be explained by the ineffectiveness
of the vaccine against serotype 3 [42] and the number of vaccine failures recorded for serotypes 3
and 19A [43]. The increase in IPD costs during 2015, with no decrease in vaccine coverage [35], may
be a turning point in the downward trend seen since the licensing of PCV13. The increase in costs
could be explained by the increase in the costs associated with non-PCV13 serotypes and the serotype
3, the costs of which appear to have increased by the same proportion, as shown in Figure 2A,B. This
change in the trend, together with the increased severity of cases, means that IPD surveillance should
continue and new vaccines that include serotypes whose choice is based not only on their prevalence
but also on the disease severity they cause, are necessary.

Possible confounding variables were taken into account in the interpretation of the results.
Regarding the medical environment, in both study periods, the same hospitals participated; both
centers were reference hospitals, a similar account of hospital discharges has been maintained,
and medical care circuits did not vary and neither were other pediatric hospitals in the region growing
or contracting during the study periods. The same research group participated in both study periods
and there were no changes in the management of IPD pediatric patients. As our study was carried
out only in high-tech hospitals, there may have been a bias to a higher cost of IPD, since the cost
of hospitalization is higher than in other hospitals due to the resources available in these centers
and there could have been a selection of the most serious cases of IPD. However, the costs associated
with IPD in the form of pneumonia found (€3639.9) were similar to the €3909 found by Baldo et al. in
a very similar region [20]. The possible selection of the most serious cases of IPD could also result
in a selection of some IPD serotypes, but the evolution of the PCV7 serotypes, additional PCV13
serotypes, and non-PCV serotypes found in our study are similar to those of Catalonia as a whole [38].
PCV7 and PCV13 had the same price and in both study periods the vaccine was not included in
the recommended schedule of the National Health System and, therefore, parents had to pay for it.

A limitation of the study is that, to determine the impact of PCV13 on the total direct costs of
pneumococcal disease, we had no information on outpatient cases which, although having much
lower unit costs, have a high prevalence that implies a large burden on the health system. However,
the USA study by Huang et al. [44] found that pneumonia represented 22% of all cases but accounted
for 72% of health system use, while outpatient diseases such as acute otitis media or sinusitis, which
accounted for 75% of total pneumococcal disease, only accounted for 16% of direct medical costs. With
regard to outpatient medication, we only considered antibiotic treatment as it must be dispensed under
prescription (unlike other treatments such as antipyretics or anti-inflammatory drugs) and therefore its
use could be associated with IPD. However, the costs of outpatient medication are very low compared
with the total direct medical costs. Likewise, the effect of the PCV10 on the additional serotypes 1, 5,
and 7F was not studied. However, in our setting, PCV10 coverage was approximately 4%, compared
with 63.3% for the PCV13 [35,45]. Another limitation is that the results on the costs of IPD must be
framed within our geographical area, since these are conditioned by our health system, health policies,
circulating serotypes, and number of cases. However, this study may help to better understand
the evolution of these costs.
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5. Conclusions

Following the introduction of the PCV13, the direct costs associated with IPD in children aged
< 5 years in Catalonia (Spain) decreased globally and for all clinical presentations due to a decrease
in the number of cases. IPD cases during the PCV13 period were more severe, consumed more
health resources, and had a higher mean cost. There was a significant decrease in the direct cost
associated with IPD cases produced by PCV7 serotypes and the serotypes added to the PCV13, but
not in non-PCV13 serotypes. The increase in costs during 2015 could be explained by the increase in
the costs associated with non-PCV13 serotypes and serotype 3.
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