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Streptococcus pneumoniae is a major cause of human infectious diseases worldwide. Despite this documented
evidence, data on pneumococcal disease rates among general populations are scant because of the frequent lack of
cultural identification. In this study we propose a model for estimating the burden of pneumococcal pneumonia on
hospitalizations.

The study was performed by analyzing administrative and clinical data of patients aged 50 years or older, resident in
Sicily, and hospitalized, from 2005 to 2012. Demographic information, admission/discharge dates, discharge status, and
up to 6 discharge diagnoses coded according to ICD-9 CM were collected for each hospitalized patient.

During the 8-year study period, a total of 72 372 hospitalizations with at least one ICD-9 CM diagnosis code suggestive
of all-cause pneumonia were recorded. Of these, 1943 (2.7%) hospitalizations had specific ICD-9 CM diagnosis codes for
pneumococcal pneumonia. According to the proposed model, 16541 (22.9%) pneumonia out of all-cause pneumonia
was estimated to be attributable to S. pneumoniae. Pneumococcal pneumonia and model-estimated pneumococcal
pneumonia had mean hospitalization rates of 13.4 and 113.3/100000, respectively, with a decreasing temporal trend. The
risk of hospitalization for pneumococcal pneumonia was strongly correlated with age (P < 0.001). Our model provides data
usable to construct suitable decisional models for the decision-makers and could allow to the responsibles of healthcare
facilities to assess the budget impact if they hypothesize to offer vaccination for pneumococcal disease to certain cohorts
of subjects aged 50 years or older. In our area, the high estimated hospitalization rates among adults aged >65 years

suggest the need to implement effective preventive strategies (e.g., vaccination) tailored for these groups.

Introduction

Streptococcus  pnewmoniae is a major cause of invasive
(bacteremic pneumonia, meningitis, and septicemia) and non-
invasive (non bacteremic pneumonia and otitis media) human
infectious diseases, with high worldwide annual rates of morbidity
and mortality, particularly in children and the elderly.”? The
incidence, prevalence, and mortality due to pneumococcal
diseases vary widely, both in different countries and over time,
likely in relation to improved knowledge and management of
the related diseases, and principally to the implementation of
universal vaccination campaigns on a national basis.?
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In fact, vaccination remains the only public health strategy
that, by reducing the incidence of the pneumococcal diseases,
plays a major role in decreasing the global burden.* Two types
of vaccines are currently available worldwide: a pneumococcal
conjugate vaccine (PCV), initially recommended for infant
immunization, and a pure polysaccharide pneumococcal
vaccine (PPV), recommended for adult immunization. Several
international health authorities, including the Region of Sicily’s
Health Commission, have recommended pneumococcal
vaccination in both children and older adults as the best
strategy for reducing the circulation of S. pneumoniae in these
populations.
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All-cause pneumonia hospitalizations
N=172,372

Bacterial pneumonia - specified
agent [SBP]
N= 6,846 (9.5%)
[95% CI=9.2-9.7%]

ICD-9 CM codes: 003.22, 011.61,
* 011.62, 011.63, 011.64, 011.65,
011.66, 021.2, 039.1, 073.0, 481,
482.0, 482.1, 482.2, 482.30, 482.31,
482.32, 482.39, 482.40, 482.41,
482.49, 482.81, 482.82, 482.83,
482.84, 482.89, 483.0, 483.1

Pneumococcal
pneumonia [PP1]
* N= 1,943 (2.7%)

[95% CI=2.6-2.8%]

ICD-9 CM code: 481

Specified pneumonia [SP]
N=16,561 (22.9%)
[95% CI1=22.6-23.2%)]

Bacterial pneumonia —
unspecified agent [UBP]
* N= 6,480 (9%)
[95% CI=8.7-9.2%]

ICD-9 CM code: 482.9

Fraction due to
pneumococcal [PP2]

* N=1,839 (2.5%)
[95% CI=2.4-2.7%]
Calculation:

PP1/SBP*UBP

Other specified
pneumonia [OSP]
N= 13,307 (4.6%)
[95% CI1=4.4-4.7%]

ICD-9 CM codes: 052.1, 055.1,
073.0, 112.4, 114.4, 115.05, 115.15,
115.95, 130.4, 136.3, 480.0, 480.1,

480.2, 480.8, 480.9, 483.8, 484.1,
484.3,484.5, 484.6, 484.7, 484.8,
487.0, 487.1,487.8

Unspecified
pneumonia [UP]
N= 55,869 (77.2%)
[95% CI1=76.9-77.5%] *

ICD-9 CM codes: 485, 486

Fraction due to
pneumococcal [PP3]
N= 12,759 (17.6%)
[95% CI=17.6-17.9%]

Calculation:

(PP1+PP2)/SP*UP

* Sums can differ from total since some patients have more than one ICD-9 CM code suggestive of pneumonia.

Figure 1.1CD-9 CM codes for all-cause pneumonia recorded, as principal or secondary diagnosis, in a total of 72372 hospitalizations for
pneumonia in Sicilian patients (white boxes), and calculated fractions for estimating specific pneumococcal pneumonia cases (grey boxes).

Following these recommendations, in Sicily PCV vaccination
for children was introduced in the regional immunization
program and actively offered from 2005, with very high
coverage, resulting in a significant reduction in pneumococcal
disease.®”

PPV has been also been recommended for adults aged >65
y and persons who have certain underlying medical conditions
that may increase the risk of pneumococcal infection.® However,
despite these recommendations, PPV coverage in Sicily is
currently extremely low among adults.

1338 Human Vaccines & Immunotherapeutics

Furthermore, data on the burden of pneumococcal diseases
are scant due to the frequent lack of cultural identification of
the causal agent during the medical care of the disease. As a
consequence, the etiologic fraction attributable to S. pneumoniae
may be underestimated or, alternatively, overestimated,
considering all potentially attributable pneumococcal diseases
in the absence of microbiological identification.

In this study we propose the application of a model for estimating
the burden of pneumococcal pneumonia on hospitalizations of

patients aged 50 y or older and resident in Sicily.
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Figure 2. Hospitalization rate trends of all-cause pneumonia, unspecified pneumonia, pneumococcal pneumonia, and model estimated pneumococcal
pneumonia (the striped area indicates pneumococcal pneumonia cases estimated by the model).

Results

During the 8-y study period, a total of 72372 hospitalizations
with at least one ICD-9 CM diagnosis code suggestive of all-
cause pneumonia were reported in Sicily among adults aged
=50 y. Figure 1 shows the ICD-9 CM diagnosis codes for total
episodes of hospitalizations for pneumococcal pneumonia in
Sicilian patients.

Overall, 1943 (2.7%; 95% CI = 2.6-2.8%) hospitalizations
had specific ICD-9 CM diagnosis codes for pneumococcal
pneumonia. Pneumococcal pneumonia patients had a mean age
of 73.3 £ 11.3 y and 60% (n = 1165) were male. The median
length of in hospital stay was 9 d (interquartile range = 7).

In the same period, 6480 and 55869 hospitalizations included
ICD-9 CM codes for unspecified bacteria or unspecified cause,
accounting for 9% (95% CI = 8.7-9.2%) and 77.2% (95% CI =
76.9-77.5%) out of all-cause pneumonia, respectively. According
to the proposed model, 1839 (28.4%; 95% CI = 27.3-29.5%) of
the 6480 unspecified bacterial pneumonia and 12759 (22.8%;
95% CI = 22.5-23.2%) of the 55869 unspecified pneumonia
were estimated to be attributable to S. pneumoniae, accounting for
atotal of 16541 (22.9%; 95% CI = 22.6-23.1%) hospitalizations.

Figure 2 depicts hospitalization rate trends of all-cause
pneumonia, unspecified pneumonia, pneumococcal pneumonia
and model-estimated pneumococcal pneumonia. All-cause
pneumonia and unspecified pneumonia increased over time,
with mean incidence rates of 497 and 383.4 cases/100000,
respectively. Otherwise, pneumococcal pneumonia and model-
estimated pneumococcal pneumonia had mean hospitalization
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rates of 13.4 and 113.3/100000, respectively, with a decreasing
temporal trend (chi-square test for trend = 42.8 and 124.1,
respectively; P value < 0.001 in both cases).

Incidence rates of unspecified bacterial pneumonia and
bacterial pneumonia (mean incidence rates of 44.5 and 47
cases/100000, respectively) were relatively constant over time
(data not shown).

Table 1 shows hospitalization rates estimated for pneumococcal
pneumonia by age and year of hospital admission. Annual
hospitalization rates for pneumococcal pneumonia ranged from
141.1 cases per 100000 in 2005 (95% CI = 137.4 to 148.8) to
95.9 cases per 100000 in 2012 (95% CI = 91.5 to 100.4).

The risk of hospitalization for pneumococcal pneumonia was
found to be strictly correlated with age (P < 0.001 by chi-square
test for trend in all years), increasing about 15-fold from age class
50-54 y to =80.

Discussion

In TItaly there are no reliable sources of information on
invasive pneumococcal pneumonia incidence since these
infections are not included in the national notification system.’
Hospital discharge databases, therefore, are the only source for
a timely and inexpensive picture of the epidemiology of almost
all severe diseases, as they provide a complete record of all
hospitalizations, and include standardized diagnosis code lists
that enable secular trend analysis of incident disease for a given
population.
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Table 1. Estimated hospitalization rates (cases per 100000 Adults) for pneumococcal pneumonia in Sicily (2005 through 2012)

2005 2006 2007 2008 2009 2010 2011 2012
Age group
50-54 34.0 28.5 215 34.8 21.0 27.0 253 283
55-59 43.6 379 38.9 47.5 515 358 21.9 23.6
60-64 75.9 53.7 48.6 66.6 58.9 489 438 232
65-69 89.2 93.1 59.2 59.8 59.3 774 56.0 66.5
70-74 125.8 122.1 93.1 95.0 122.1 138.5 933 52.1
75-79 2523 219.0 184.7 224.8 161.8 2104 215.8 178.2
80 or more 509.7 475.2 344.2 306.9 3974 451.4 349.2 395.7
Total 1411 126.3 97.9 109.5 109.7 125.3 100.6 95.9

Despite these advantages, hospital discharge databases
are subject to some limitations that are common to all passive
surveillance systems, such as under-diagnosis or deficiencies in
reporting. For infectious diseases, these problems are at least in
part due to the frequent empirical clinical management of the
diseases without an etiologic identification of the causative agent,
which in Italy has been estimated to occur in more than two-
thirds of the hospitalizations for pneumonia.’’

In view of this, several studies have reported that ICD-9
CM codes suggestive of pneumococcal pneumonia have good
specificity, but poor sensitivity.'"'? Very low sensitivity can
be hypothesized in our area, as in others, considering that
hospitalization for pneumococcal pneumonia represents less than
3% of all-cause pneumonia, whereas previous studies performed
in several European nations, including Italy, have reported that
S. pneumoniae is usually implicated in 11.9% to 68.3% of adult
community-acquired pneumonia.'’

In order to control for underreporting, we designed a model
that estimates a burden of hospitalizations for pneumococcal
pneumonia in an age group that, during the study period, in Sicily
has accounted for a large proportion of the general population,
increasing from 34.6% in 2005 to 38% in 2012.

The model shows estimated morbidity rates more than 8-fold
higher than that observed by analyzing specific ICD-9 CM
codes. These estimates seem to be realistic for 2 reasons.

First, annual hospitalization rates estimated in Sicily for
pneumococcal pneumonia are included in the same size range
as that calculated in other Italian areas, where they ranged from
62.9 cases per 100000 persons aged 65-74 y to 422.7 per 100000
aged 285.1

Second, these estimates allow us to calculate that ICD-9 CM
codes suggestive of pneumococcal pneumonia would have a
sensitivity of 11.7%, which is similar to, but conservatively higher
than, the 8% observed in other Italian studies.' Both these values
underline that up to 90% of pneumococcal pneumonia cases may
remain undetected, and are also consistent with the finding that
in Italy the causative agent of community-acquired pneumonia is
isolated only in a small fraction (<35%) of hospitalization cases."

Nonetheless, further studies are necessary to confirm the
validity of the proposed model.
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Irrespective of the validity of the assumptions underlying the
model, our study also found that the hospitalization rates for
pneumococcal pneumonia increase in our age strata, and are
more than 15-fold higher in older patients, with a decreasing
temporal trend in all age groups from 2005 through 2012.

The higher risk with age is a well known and documented
phenomenon that has been attributed to immunosenescence
and the increasing frequency of co-morbidities in the elderly,
suggesting that the policy strategies for implementing vaccination
in adults by age could differ by geographic area according to local
demography and epidemiology.”"” Notably, our data indicate
that though pneumococcal pneumonia has been diagnosed in
all age groups, vaccinating persons =65 may be the most cost-
effectiveness public health strategy in our setting.

We also found a slight, though constant, reduction of
pneumococcal pneumonia cases over time. Several studies
have found that adults may benefit from extensive childhood
pneumococcal vaccination through indirect effects.'® In our
region, the childhood conjugate vaccination for pneumococcal
was introduced in the regional immunization program and
actively offered from 2005, with rapidly increasing vaccination
coverage, so the observed decline among adult populations could
be attributed to the indirect, or herd, protection provided by
pneumococcal conjugate vaccines in childhood.*” On the other
hand, a residual role may also be played by the small fraction of
adults vaccinated with PPV23 vaccine.

Consonant with our findings, a study found an annual
reduction in hospitalization for pneumonia among adults in
the United States in the decade after the introduction of PCV7
in the infant immunization schedule.’ In our study, all-cause
pneumonia hospitalizations did not decrease over time. Though
we are not able to elucidate possible determinants for this
different trend, it can be hypothesized that several behavioral and
normative factors and confounders (e.g., prevalence of smokers
in the general population, influenza and influenza vaccination
coverage, hospital admission thresholds) may be responsible for
this difference in findings.

It should be noted that our study was not designed specifically
to assess the impact of the current preventive measures and, in
this sense, the impossibility of controlling for the previously
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cited and other potential confounding factors may well be a
major limitation of our study, as well as other retrospective
studies. Finally, our model should be considered conservative
for invasive pneumococcal diseases because it overlooks other
invasive sites different from pneumonia and, including only
hospitalized cases of pneumococcal pneumonia, enabled us
to estimate severe cases, excluding information on mild cases
treated in out-patient settings.

Despite these limitations, our model provides data usable
to construct suitable decisional models for the decision-makers
and could allow to the responsibles of healthcare facilities to
assess the budget impactif they hypothesize to offer vaccination
for pneumococcal disease to certain cohorts of subjects
aged 50 y or older. In our area, the relatively high estimated
hospitalization rates among adults aged 265 y highlight the
need to enhance active surveillance, and implement effective
preventive strategies (e.g., vaccination) tailored for these age
groups.

Material and Methods

This study evaluated the administrative and clinical data
of patients resident in Sicily, a large Italian region of about
5000000 residents. All data included in the analyses were
obtained by the Region of Sicily’s Health Commission, which
routinely collects hospital discharge records (HDR) from all
of the region’s hospitals. The Regional Hospital Discharge
Database, which was established in 1994, collects complete
data on hospitalizations from both public and private hospitals.
Each HDR includes demographic information (birthplace,
residence, gender, and date of birth), admission and
discharge dates, discharge status (categorized as “discharged/
transferred” or “expired”), and up to 6 discharge diagnoses
(1 principal and 5 secondary diagnoses) coded according
to International Classification of Disease, Ninth Revision,
Clinical Modification (ICD-9 CM).

All patients aged 50 y or older and hospitalized in acute-
care hospitals from 2005 to 2012 with at least one ICD-9 CM
code among those reported in Figure 1, either as principal or
secondary diagnosis, were used for estimating hospitalization
rates due to pneumococcal pneumonia.

Hospitalization of Sicilian residents that occurred outside
the region was also included in the analysis, while multiple
hospitalizations due to transfers were combined. Admissions
for transferred patients were followed until discharge or death.

The study was approved by the Institutional Review Board
of the AOUP “P. Giaccone” of Palermo, Italy.

Model design

As shown in Figure 1, considering that pneumococcal
pneumonia (PPI; n = 1943) represented 28.4% of bacterial
pneumonia due to specified agents (SBP; n = 6846), the same

percentage was expected to be attributable to pneumococcal
among bacterial pneumonia due to unspecified agents (UBP;
n = 6480). Thus, the total number of unspecified bacterial
pneumonia due to S. pneumoniae (PP2; estimated n = 1839)
was obtained with the following equation:

PP2 = Liis xUBP (1)
SBP

Since pneumococcal pneumonia (PPI+PP2; n = 3782)
accounted for 22.8% of all specified pneumonia (SP; n =
16561), the same percentage was expected to be attributable
to pneumococcal among all unspecified pneumonia (UP; n =
55869). Thus, the fraction of unspecified pneumonia due to
S. pneumoniae (PP3; estimated n = 12759) was calculated with
the following equation:

PP1+ PP2
PP3 = g xUP (2)
SP

Finally, the
pneumonia was calculated as the sum of pneumococcal
pneumonia (PPI) and the fractions of unspecified bacterial
pneumonia and unspecified pneumonia due to S. pneumoniae
(PP2 and PP3, respectively).

Statistical analysis

estimated  hospitalized ~ pneumococcal

Absolute and relative frequencies with 95% confidence
intervals (CI) were calculated for qualitative variables, while
quantitative variables were summarized as mean + standard
deviation when normally distributed or otherwise as median
(interquartile range). Data normality was verified by the
Shapiro—Wilk test for normality. The data trends were
evaluated by using the chi-square test for trends.

Annual total and age-specific hospitalization rates (5-y
strata) (2005-2012) were calculated by dividing the annual
number of hospitalizations for the resident Sicilian population
aged over 49 y on the Ist of the following year (data
obtained from ISTAT).?! Rates are expressed as hospitalized
pneumococcal pneumonia/100000 per year, with a 95% CI.
A two-tailed P value of <0.05 was considered statistically
significant. All data were analyzed with the R statistical
software package.

Ethical approval

The study was approved by the Institutional Review Board
of the AOUP “P. Giaccone” of Palermo, Italy.

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were disclosed.

Acknowledgments

The authors would like to thank Warren Blumberg for his
helpful revision of the manuscript.

Human Vaccines & Immunotherapeutics 1341

©2014 Landes Bioscience. Do not distribute.



References
File TM Jr., Marrie T]. Burden of community-

acquired pneumonia in North American adults.
Postgrad Med 2010; 122:130-41; PMID:20203464;
htep://dx.doi.org/10.3810/pgm.2010.03.2130
Pneumococcal conjugate vaccine for childhood
immunization--WHO  position  paper. ~ Wkly
Epidemiol Rec 2007; 82:93-104; PMID:17380597
Lynch JP 3, Zhanel GG. Streptococcus pneumoniae:
epidemiology and risk factors, evolution of
antimicrobial resistance, and impact of vaccines. Curr
Opin Pulm Med 2010; 16:217-25; PMID:20375783
Prato R, Tafuri S, Fortunato F, Martinelli D. Why
it is still important that countries know the burden
of pneumococcal disease. Hum Vaccin 2010; 6:918-
21; PMID:21045538;  http://dx.doi.org/10.4161/
hv.6.11.13352

Lopalco PL, Editorial of 7-valent
pneumococcal conjugate vaccine in EU. Euro Surveill
2006; 11:3092

Amodio E, Bella A, Nicoletti G, Stefani S, Vitale
F; Working Group. [Active surveillance of invasive
pneumococcal  diseases in  Sicilian  children
(2009-2011)]. Ig Sanita Pubbl 2013; 69:79-90;
PMID:23532162

Amodio E, Costantino C, Giuffre M, Piccione
M, Tramuto F, Vitale F. Invasive pneumococcal
diseases in children aged 1-59 months in Sicily, Italy:

team. Use

importance of active family paediatrician surveillance
and  vaccination coverage. Euromediterranean
Biomedical Journal 2014; 9:19-23

della Salute M. Piano Nazionale Prevenzione
Vaccinale (PNPV) 2012-2014. Gazzetta Ufficiale
n.47 (12 March 2012). Available at: http://www.
salute.gov.it/imgs/C_17_pubblicazioni_1721_
allegato.pdf

1342

15.

Giorgi-Rossi P, Merito M, Borgia P. Cost-effectiveness
of introducing the conjugated pneumococcal vaccine to
routine free immunizations for infants in Lazio, Italy.
Health Policy 2009; 89:225-38; PMID:18639952;
hetp://dx.doi.org/10.1016/j.healthpol.2008.05.016
Welte T, Torres A, Nathwani D. Clinical and
economic burden of community-acquired pneumonia
among adults in Europe. Thorax 2012; 67:71-
9;  PMID:20729232;  http://dx.doi.org/10.1136/
thx.2009.129502

Guevara RE, Butler JC, Marston BJ, Plouffe JF, File
TM Jr., Breiman RF. Accuracy of ICD-9-CM codes
in detecting community-acquired pneumococcal
pneumonia for incidence and vaccine efficacy studies.
Am ] Epidemiol 1999; 149:282-9; PMID:9927225;
hetp://dx.doi.org/10.1093/oxfordjournals.aje.a009804
van de Garde EM, Oosterheert JJ, Bonten M, Kaplan
RC, Leufkens HG. International classification of
diseases codes showed modest sensitivity for detecting
community-acquired pneumonia. ] Clin Epidemiol
2007; 60:834-8; PMID:17606180; http://dx.doi.
0rg/10.1016/j.jclinepi.2006.10.018

Merito M, Giorgi Rossi P, Mantovani J, Curtale
F, Borgia P, Guasticchi G. Cost-effectiveness of
vaccinating for invasive pneumococcal disease in
the elderly in the Lazio region of Italy. Vaccine
2007; 25:458-65; PMID:17049685; http://dx.doi.
0rg/10.1016/j.vaccine.2006.08.005

Giorgi Rossi P, Agabiti N, Faustini A, Ancona C,
Tancioni V, Forastiere F, Perucci CA. The burden of
hospitalised pneumonia in Lazio, Italy, 1997-1999. Int
J Tuberc Lung Dis 2004; 8:528-36; PMID:15137527
Butler JC, Schuchat A. Epidemiology of pneumococcal
infections in the elderly. Drugs Aging 1999;
15(Suppl  1):11-9; PMID:10690791; http://dx.doi.
0rg/10.2165/00002512-199915001-00002

Human Vaccines & Immunotherapeutics

16.

17.

18.

19.

20.

21.

van Hoek AJ, Andrews N, Waight PA, Stowe J, Gates
P, George R, Miller E. The effect of underlying
clinical conditions on the risk of developing
invasive pneumococcal disease in England. J Infect
2012; 65:17-24; PMID:22394683; http://dx.doi.
org/10.1016/j.jinf.2012.02.017

Boccalini S, Bechini A, Levi M, Tiscione E,
Gasparini R, Bonanni P. Cost-effectiveness of new
adult pneumococcal vaccination strategies in Italy.
Hum Vaccin Immunother 2013; 9: (Forthcoming);
PMID:23295824; htep://dx.doi.org/10.4161/
hv.23268

Simonsen L, Taylor RJ, Young-Xu Y, Haber M,
May L, Klugman KP. Impact of pneumococcal
conjugate vaccination of infants on pneumonia and
influenza hospitalization and mortality in all age
groups in the United States. MBio 2011; 2:e00309-
10; PMID:21264063; http://dx.doi.org/10.1128/
mBio.00309-10

Hammite LL, Bruden DL, Butler JC, Baggett
HC, Hurlburt DA, Reasonover A, Hennessy TW.
Indirect effect of conjugate vaccine on adult carriage
of Streptococcus pneumoniae: an explanation of
trends in invasive pneumococcal disease. J Infect
Dis 2006; 193:1487-94; PMID:16652275; http://
dx.doi.org/10.1086/503805

Griffin MR, Zhu Y, Moore MR, Whitney CG,
Grijalva CGUS. U.S. hospitalizations for pneumonia
after a decade of pneumococcal vaccination. N Engl
J Med 20135 369:155-63; PMID:23841730; http://
dx.doi.org/10.1056/NEJMo0al209165

ISTAT. Available at http://demo.istat.it/ last access
at April 21, 2013.

Volume 10 Issue 5

Do not distribute.

I0Science.

©2014 Landes B





