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SUMMARY

Ten-valent pneumococcal conjugate vaccine (PCV10) was recently introduced into the Brazilian
Immunization Programme. Secondary data are used as a measurement of community-acquired
pneumonia (CAP) burden, but their completeness and reliability need to be ascertained. We
performed probabilistic linkage between hospital primary data from active prospective
population-based surveillance (APS) and hospital secondary data from the Hospital Information
System administrative database of the National Unified Health System (SIH-SUS). Children aged
2–23 months hospitalized during January–December 2012 were identified. Incidence rates of
hospitalized CAP were estimated. Agreement of case identification was measured by kappa index.
A total of 1639 (26%) CAP cases were identified in APS and 1714 (35%) in SIH-SUS. Of these
3353 records, 1127 CAP cases were present in both databases. Kappa on CAP case identification
was 0·72 (95% confidence interval 0·69–0·75). CAP hospitalization incidence using administrative
(5285/100000) and hospital (5054/100000) primary data were similar (P=0·184). Our findings
suggest that administrative databases of hospitalizations are reliable sources to assess PCV10
impact in time-series analyses.

Key words: Administrative data, children, community-acquired pneumonia, linkage, pneumococcal
vaccine, pneumonia surveillance, vaccine impact.

INTRODUCTION

Acute respiratory infections, in particular pneumonia,
account for high morbidity and mortality in infants
throughout the world [1, 2]. The proportion of pneu-
monia cases requiring hospitalization ranges from
5·9% to 16·8%, resulting in about 15 million

hospitalized pneumonia cases per year [3]. Bacterial
pneumonia is responsible for 20–40% of hospitaliza-
tions of children aged <5 years in the Americas [4],
with Streptococcus pneumoniae the most frequent
aetiological agent, contributing 60–75% of all child-
hood cases with known aetiology [5].

In Brazil, pneumonia is the main cause of hos-
pitalization in childhood [6]. A population-based ac-
tive surveillance of community-acquired pneumonia
(CAP) study conducted from May 2007 to June 2009
in the Central-Western Region of Brazil demonstrated
that pneumonia hospitalizations were responsible for
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a significant annual burden in children aged <3 years
(3840 cases/100000 children) [7].

Ten-valent pneumococcal conjugate vaccine
(PCV10) was introduced in 2010 into the Brazilian
routine immunization programme [8]. It is thus im-
perative to plan for the evaluation of its impact.
Potential sources of data for such evaluation include
hospital primary data collected in observational stud-
ies and hospital secondary data from administrative
data sources. Although hospital secondary data have
been commonly used in long-term vaccine impact
assessment studies as a measure of CAP burden
[9, 10], their completeness and reliability need to be
ascertained, especially in Brazil. This can be pursued
through its comparisons with hospital primary data.

An active prospective population-based surveillance
(APS) of hospitalized CAP in children has been con-
ducted since 2011 in Goiânia, Brazil, with ongoing
collection of hospital primary data. We therefore
had the opportunity to ascertain the quality and ap-
propriateness of hospital secondary hospitalization
data from nationwide administrative databases com-
pared to hospital primary data from the APS. In par-
ticular, we estimated the burden of hospitalized CAP
cases in children considering both data sources, with
a view of using hospital secondary data source in
future vaccine impact assessment studies.

METHODS

Study location

The present investigation was conducted in Goiânia
municipality, in the Central-Western Region of
Brazil. The population of Goiânia is estimated at
1333767 inhabitants, of which 32429 are children
aged 2–23 months [11]. In 2011, infant mortality in
the municipality was 14·3/1000 live births [12].

Healthcare in Brazil is provided by public and pri-
vate sectors. Public healthcare service is provided by
the National Unified Health System (SUS), which
offers free, universal coverage to all the population.
The SUS Hospital Information System (SIH-SUS) is
an administrative database primarily used for SUS re-
imbursement purposes in Brazil.

Study design

Hospitalization incidence rates of CAP in infants
aged 2–23 months were estimated considering both
SIH-SUS and APS databases. Record linkage of all

CAP hospitalizations recorded in the SIH-SUS and
APS databases was conducted and agreement on diag-
nosis was assessed. The assessment of type of health
insurance as a risk factor for CAP hospitalizations
was conducted using data from the APS study.

Sources of data

Hospital primary data: APS database

The APS study has been ongoing since 2011 to evalu-
ate the impact of PCV10 against hospitalized CAP
in childhood. All-cause hospitalization in children
aged <36 months was monitored in all 17 hospitals
providing care for the paediatric population in the
city. Four of the 17 hospitals are exclusively funded
by SUS, whereas the remaining 13 hospitals provide
care for patients through both SUS and private in-
surance. Thus, the APS study includes children cov-
ered by both public and private healthcare systems.
Written informed consent was obtained from the par-
ent(s)/legal guardian(s) of each study participant be-
fore revising the medical records. Medical charts of
suspected CAP cases were fully reviewed in order to
ascertain the cause of hospitalization and other under-
lying conditions of each hospitalized child. Socio-
demographic data and information on type of health
insurance were also obtained. Trained nurses were
responsible for data extraction from the medical
records. Data were entered onsite into an electronic
system, using Smartphones and an in-house software
(e-Pneumo), developed specifically for this study.
Data were transmitted online to a server (icloud)
and could be accessed in real time.

Ethical approval for this investigation was granted
by the Ethics Committee, Federal University of
Goiás, Goiânia, Brazil (protocol no. 100/11).

Hospital secondary data: SIH-SUS database

SIH-SUS is a nationwide administrative database in
which all hospitalizations paid by the SUS system in
Brazil are recorded. These include hospitalizations
occurring in SUS hospitals and those occurring in
private or non-for-profit hospitals but paid by SUS;
SUS payments for hospitalizations in public hospitals
and reimbursement for hospitalizations in private hos-
pitals outsourced by the SUS are generated by the
SIH-SUS database. Admission diagnoses for each hos-
pitalization are assigned by attending pediatricians,
according to clinical findings at admission. After hos-
pital discharge, medical archivists assign a diagnosis
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and its corresponding International Classification
of Diseases – 10th revision (ICD-10) code [13], by
reviewing medical charts, accepting or changing the
admission diagnosis, according to the patient’s infor-
mation available from the hospitalization period.
As such, the SIH-SUS database is able to generate
hospital secondary data for epidemiological studies,
and consequently contribute to planning and assessing
public health policies in Brazil [14]. It is estimated that
the SIH-SUS database covers about 70% of all hospi-
talizations in the country, recording about 12 million
admissions annually [15, 16]. The remaining 30%
of all hospitalizations, which take place in private
hospitals not outsourced by SUS, are not included
in the SIH-SUS database. Local health authorities
are responsible for certifying the reliability of the
information and later transmitting it to regional and
national levels. Thus, the Brazilian Ministry of
Health, at the national level, manages the SIH-SUS
database, providing updated databases periodically
[15, 17]. For this investigation, information from the
SIH-SUS database was extracted in March 2013.

Study population

The present investigation included children aged
2–23 months living in Goiânia, hospitalized due to
all causes from January 2012 to December 2012, in
all 17 paediatric hospitals participating in the APS
study.

Definition of pneumonia hospitalization

For both data sources (APS and SIH-SUS databases),
we considered records in which discharge diagnosis
was one of the following ICD-10 codes, chapter X:
J12, viral pneumonia; J13, Streptococcus pneumoniae-
caused pneumonia; J14, Haemophilus influenzae-
caused pneumonia; J15, bacterial pneumonia not
otherwise specified; J16, other infectious organism
not elsewhere classified; J17, pneumonia in diseases
classified elsewhere; and J18, unspecified organism
[13]. We considered only the ICD-10 codes used as
the principal diagnosis to detect CAP, since noso-
comial pneumonia is more likely to be recorded as
a secondary diagnosis. Two- and three-digit ICD
codes were considered.

Definition of other diagnoses

A similar methodology was used to assign ICD-10
codes for non-CAP cases for both APS and

SIH-SUS databases. The chapters and respective
ICD-10 codes used are given in the Supplementary
online material.

Record linkage

A probabilistic record linkage of all-cause hospitalized
cases recorded in the SIH-SUS and APS databases
was performed. We used the Link Plus program,
a free probabilistic record linkage software [18]. To
assess the reliability of pneumonia diagnosis from
SIH-SUS, we defined children aged 2–23 months as
our target population, since PCV10 vaccination was
introduced for children aged <2 years.

Prior to record linkage, both databases underwent
a pre-processing stage of quality analysis to minimize
errors and increase the likelihood of finding matched
records [19]. These procedures included mainly stan-
dardization of dates (admission data, discharge data,
and date of birth) and nominal variables (patient’s
name and patient’s mother’s name). Differently from
APS, where each record represents a hospitalization
episode of a single child, in the SIH-SUS database it
is possible to find duplicated records concerning to
the same child during the same hospitalization period.
As there might be some variations in the identification
details of such duplicated records, we decided not to
remove them a priori from the linkage with the expec-
tation that by leaving all duplicated records in the
SIH-SUS database we would increase the likelihood
of finding a match with an APS record.

The record linkage process consisted of the follow-
ing steps:

(1) The following matching variables were included
in the probabilistic linkage: patient’s name, date
of birth, mother’s name, admission date, and dis-
charge date.

(2) Gender was used as a blockage variable to in-
crease linkage processing speed.

(3) A score was computed for each linked pair by the
Link Plus program to assess the agreement and
disagreement of the variables selected for the link-
age. The higher the score, the greater the prob-
ability of finding a true matched pair.

(4) A score cut-off point equal to 3·0 was defined.
(5) We used manual review for discriminating pairs

of records found by the Link Plus software into
matched and unmatched pairs, using information
from the matching variables and also the principal
and secondary diagnosis.
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Matched pairs were defined as those that, after man-
ual review, had the same or very similar information
on patient’s name, mother’s name and birthday and
that corresponded to the same hospitalization period.
As it was possible that the admission and discharge
dates were not the same in APS and SIH-SUS records,
we considered as a matched pair those that had up to
10 days’ difference between the discharge data of the
former record and the admittance of the later one.

Data analysis

The assessment of type of health insurance as a risk
factor for CAP hospitalization was conducted using
data from the APS study. The association between
type of health insurance and CAP was assessed by
relative risk (RR), and the 95% confidence interval
(CI) was estimated.

Hospitalization incidence rates of CAP (all-cause
pneumonia hospitalization) and their 95% Poisson
CIs were estimated for infants aged 2–23 months.
Numerator data were obtained from both primary
(APS) and secondary (SIH-SUS) databases. Denomi-
nator data were population estimates for 2012
obtained from the Brazilian Institute of Geography
and Statistics (IBGE) [20].

Record linkage was performed to identify potential
pairs of cases from both databases. Matched pairs
were separated into those with concordant and discor-
dant diagnoses. Matched pairs with concordant diag-
noses were those that had a CAP diagnosis in the APS
database and a J12–J18 ICD-10 code in the SIH-SUS
database, or those that did not have a CAP diagnosis
in the APS database and that had another ICD-10
code rather than J12–J18 in the SIH-SUS database.
All other matched pairs were considered discordant.

Agreement of matched pairs on CAP diagnosis
(ICD-10: J12–J18) and non-CAP diagnosis (all

ICD-10 except for J12–J18) was measured by adjusted
Kappa index and statistical significance was tested by
MacNemar’s test.

All P values <0·05 were considered statistically
significant. All analyses were performed using SPSS
v. 18.0 (SPSS Inc., USA).

RESULTS

During the study period, the APS database com-
puted a larger number of all-cause hospitalized chil-
dren (n=8573) compared to the SIH-SUS database
(n=6686). This was an expected finding, since the
APS included children that were hospitalized using
both private and public health insurances, whereas
SIH-SUS database included only children hospitalized
through SUS.

A total of 6220 hospitalizations in children aged
2–23 months were recorded in the APS database,
representing 1639 cases (26·3%) hospitalized due to
CAP. More than two thirds of hospitalizations
(4175/6220, 67·1%) from the APS were SUS hospitali-
zations. CAP accounted for 32·7% of all SUS and
13·3% of all private/insurance paid hospital admis-
sions. This indicates that children admitted through
SUS were more likely to have a diagnosis of CAP
than another diagnosis (RR 2·45, 95% CI 2·18–2·76)
(Table 1).

In the SIH-SUS database, 4903 hospitalizations
in children aged 2–23 months were recorded, all of
which were admitted through SUS. Of these, 1714
(35%) were hospitalized due to CAP.

Incidence rates of CAP hospitalizations were simi-
lar for the SIH-SUS database (5285/100000 children,
95% CI 5046–5533) and APS database (5054/100000
children, 95% CI 4820–5296), although SIH-SUS
detected a higher number of CAP cases (Table 2).

Table 1. Association between community-acquired pneumonia and type of health insurance in children aged
2–23 months admitted to hospital, considering patients enrolled in the APS study. Goiânia, Brazil,
January–December 2012

Type of health insurance (APS)

Community-acquired pneumonia

RR 95% CI P valueYes (%) No (%) Total

Public insurance (SUS) 1366 (32·7) 2809 (67·3) 4175 (67·1) 2·45 2·18–2·76 0·000
Private insurance 273 (13·3) 1772 (86·7) 2045 (32·9)

Total 1639 (26·3) 4581 (73·7) 6220 (100·0)

APS, Active prospective population-based surveillance; SUS, National Unified Health System; RR, relative risk;
CI, confidence interval.
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Trends in the number of cases of CAP and non-
CAP hospitalizations in both SIH-SUS and APS
databases are shown in Figure 1. While the number
of CAP cases recorded in both APS and SIH-SUS
databases was similar throughout the year, there was
an excess number of non-CAP cases recorded in the
APS database, which was fairly constant over the
year. The parallelism of both CAP and non-CAP
trend lines were only lost during November and
December, with a decrease in cases recorded in the
SIH-SUS database.

Results of record linkage of hospitalized children
identified from hospital primary and secondary data

sources are presented in Figure 2. After running the
Link Plus software and discarding children that were
not aged between 2 months and 23 months, a total
of 7398 hospitalized cases were identified in either of
the databases, of which 3725 (50·4%) records were
considered as matched pairs, while 3673 (49·6%)
were unmatched pairs. Of the 3725 matched pairs,
1127 (30·2%) were concordant on CAP diagnosis,
2108 (56·6%) were concordant on non-CAP diagnosis,
and 490 (13·2%) were discordant diagnoses. The
Kappa agreement index on CAP diagnosis consider-
ing data from both databases was 0·72 (95% CI
0·69–0·75), with an agreement of 86·85% (95% CI

Table 2. Incidence rates of hospitalization due to community-acquired pneumonia in infants, stratified by age and
source of data. Goiânia, Brazil, January–December 2012

Age group (months)

Hospital primary data (APS) Administrative database (SIH-SUS)

N/population* Incidence/100000 N/population* Incidence/100000

2–11 895/14970 5978 (5593–6384) 981/14970 6553 (6149–6976)
12–23 744/17459 4261 (3961–4579) 733/17459 4198 (3899–4514)

Total 1639/32429 5054 (4820–5296) 1714/32429 5285 (5046–5533)

Values in parentheses are 95% confidence intervals.
APS, Active prospective population-based surveillance; SIH-SUS, Hospital Information System of National Unified Health
System.
* Source: http://www2.datasus.gov.br/DATASUS/index.php?area=0206&VObj=http://tabnet.datasus.gov.br/cgi/deftohtm.
exe?ibge/cnv/pop
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Fig. 1. Monthly number of children aged 2–23 months hospitalized by diagnosis and source of data. Goiânia, Brazil,
January–December 2012. CAP, Community-acquired pneumonia; APS, active prospective population-based surveillance;
SIH-SUS, Hospital Information System of National Unified Health System.
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85·72–87·89), although in the records that could be
matched SIH-SUS had a significantly higher number
of CAP cases (305 only by SIH-SUS vs. 185 only by
APS; P<0·001, McNemar’s test) (Table 3).

Table 4 shows the ICD-10 codes found in both APS
and SIH databases and the disagreement on CAP
diagnosis between them. The majority (89·5%) of dis-
cordant CAP diagnoses was classified as having other
respiratory diseases, such as influenza, bronchiolitis,
bronchitis and asthma in the APS database.

DISCUSSION

In this investigation we found that the burden of CAP
estimated by considering administrative and hospital
primary data was similar, indicating the feasibility
of using the SIH-SUS database as a source of data
to assess pneumonia interventions, such as PCV10
vaccination. Furthermore, CAP diagnosis in children
aged <2 years was concordant when comparing ad-
ministrative and hospital primary databases.

Hospital primary data remains the gold standard
data source for estimating disease burden, and there-
fore for use in vaccine impact evaluation studies.
Nonetheless, use of hospital primary data is

dependent on the existence of ongoing population-
based surveillance studies, which are usually
expensive, and are difficult to perform due to complex
logistics. Hospital secondary data, on the other
hand, are available in most countries, are usually
representative, and are important sources of data for
vaccine impact evaluation studies [10, 21–23].
Despite its low cost and easy web-based accessibility,
administrative databases in Brazil have been under-
utilized in vaccine impact evaluation studies, probably
due to challenges in ascertaining their quality and
coverage.

In developed countries, administrative data have
traditionally been used in epidemiological studies to
estimate the burden of CAP and to assess the impact
of vaccination on childhood pneumonia [9, 24, 25].
High concordance between all-cause diagnosis ob-
tained from medical record review data and adminis-
trative databases has also been reported by other
studies [26–29]. This is the first study conducted in
Brazil to focus on agreement of CAP diagnosis in
childhood by comparing hospital primary and admin-
istrative databases.

ICD-10 codes J12–18 and their corresponding
codes in ICD-09 are usually used as a ‘proxy’ for

Fig. 2. Linkage of hospitalized children identified from hospital primary and secondary data sources. Goiânia, Brazil,
January–December 2012.
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pneumonia diagnosis in hospitalization databases.
The use of such codes improves the overall sensitivity
of pneumonia detection [23, 24, 30]. Similarly to that
observed in other countries, in Brazil specific codes for
pneumococcal pneumonia (ICD-10: J13) are rarely
reported in administrative hospitalization information
systems [30]. This is probably due to the fact that
aetiological confirmation of pneumonia in children
is rarely performed routinely in healthcare services.
To improve specificity of pneumonia coding in hospi-
talization databases, further training of hospital medi-
cal archivists (who are in charge of assigning discharge
diagnosis) focusing on the importance of using more
accurate ICD-10 codes might be helpful, as these in-
formation systems are being more frequently used
for epidemiological assessment, not only for adminis-
trative and financial purposes.

In recent years, improvements on data quality and
accessibility of hospital information systems in Brazil
[16] have prompted investigators to conduct time-
series analysis on the impact of vaccine introduction
[21, 22]. Soon after the introduction of PCV10 in
Brazil we evaluated the impact of vaccination on
CAP hospitalization trends in children aged <2 years
using data from the SIH-SUS for five metropolises
in the country; a significant decline in pneumonia hos-
pitalizations 1 year after introduction of PCV10 vacci-
nation was found in three of them [22].

Assessing PCV impact requires observing trends
over time. It is interesting to note that the administrat-
ive data tracks the hospital primary data for both
CAP and other causes of hospitalization. Even when
considering SUS and private insurance, peaks of
seasonality are very similar between APS and

Table 3. Agreement between CAP diagnoses in hospitalized children aged
2–23 months, by source of data. Goiânia, Brazil, January–December 2012

Administrative data (SIH-SUS)

Hospital primary data (APS)

TotalCAP cases Non-CAP cases

CAP cases 1127 305 1432
Non-CAP cases 185 2108 2293

Total 1312 2413 3725

CAP, Community acquired pneumonia; APS, active prospective population-based
surveillance; SIH-SUS, Hospital Information System of National Unified Health
System; Kappa index (pneumonia vs. non-pneumonia)=0·72 (0·69–0·75).

Table 4. Causes of hospitalization in discordant pairs of cases identified as hospitalized CAP in any data source in
children aged 2–23 months, Goiânia, Brazil, January–December 2012

Group of causes (ICD-10)

CAP diagnosis by
SIH-SUS and non-CAP
by APS (N=305)
n (%)

CAP diagnosis by APS
and non-CAP by
SIH-SUS (N=185)
n (%)

I. Certain infectious and parasitic diseases (A00–B99) 6 (2·0) 29 (15·7)
IV. Endocrine, nutritional and metabolic diseases (E00–E90) 4 (1·3) 7 (3·8)
X. Diseases of respiratory system (J00–J99)* 273 (89·5) 125 (67·6)
XIV. Diseases of genitourinary system (N00–N99) 4 (1·3) 3 (1·6)
IX. Diseases of circulatory system (I00–I99) 3 (1·0) 1 (0·5)
Other causes† 15 (4·9) 20 (10·8)

ICD-10, International Classification of Diseases, 10th Revision; CAP, community-acquired pneumonia; SIH-SUS, Hospital
Information System of National Unified Health System; APS, active prospective population-based surveillance.
* Except for CAP (ICD-10: J12-18).
†Diseases of digestive system (ICD-10: K00–K93); diseases of nervous system (ICD-10 G00–G99); diseases of skin and sub-
cutaneous tissue (ICD-10: L00–L99); congenital malformation and chromosomal abnormalities (ICD-10: Q00–Q99); injury,
poisoning, and certain other consequences of external causes (ICD-10: S00–T98); external causes of morbidity and mortality
(ICD-10: V01–Y98); factors influencing health status and contact with health services (ICD-10: Z00–Z99).
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SIH-SUS, which is a good example of how good im-
pact evaluations can be made with administrative data.

In the Brazilian SUS, the government pays hospi-
tals for hospitalized patients by diagnosis-related
groups [16]. Payment by diagnosis-related groups is
not dependent on length of hospital stay, but rather
on the patient’s discharge diagnosis. Moreover,
diagnosis-related groups’ reimbursement method sim-
plifies the payment process, promotes administrative
efficacy, and improves equity. Of the discordant diag-
noses in both database, 90% had a CAP diagnosis
in SIH-SUS and another respiratory tract disease in
APS. The reason why CAP diagnoses were preferred
in SIH-SUS may be related to the fact that infor-
mation on diagnosis-related groups in SIH-SUS
records are used to determine the amount to be reim-
bursed by the government to the hospitals for the
services provided. Studies on reliability of administrat-
ive data, especially the SIH-SUS database, have
showed that diagnostics that allow higher payment
are favoured in the database as opposed to other
diagnosis-related groups which are reimbursed at a
lower level [26, 29–32]. Thus, since pneumonia is the
most well paid respiratory event per admission by
SUS [16, 33], we cannot rule out over-reporting for
CAP diagnosis. Despite these limitations, data quality
of the SIH-SUS database is assuming increasing im-
portance on epidemiological research. However, it is
important to monitor and incorporate data quality
continuously over time, especially in studies on vac-
cine impact evaluation.

Ensuring data quality of hospitalization infor-
mation systems is essential for the analysis of the
healthcare situation, especially for vaccine impact
evaluation purposes. Having an ongoing population-
based study on CAP in the municipality of Goiânia
represented a unique opportunity to evaluate the re-
liability of the administrative data system through
the comparison between hospital primary (APS) and
secondary (SIH-SUS) databases. Nevertheless, some
limitations of this investigation should be mentioned.
The SIH database was extracted only 3 months after
December 2012 (our endpoint); in this way, it was
possible to have some notification delays on CAP,
since there was a fall in the number of cases included
in the last 2 months. Hence, the current CAP cases
computed by the SIH could be underestimated. On
the other hand, duplicated records in administrative
databases are likely to occur, especially due to input
errors [34]; we found 10% of duplicated records
(exactly the same record) in the SIH database.

Although administrative data slightly overestimated
the burden of CAP, we did not observe a clear trend
of increase, nor a reduction in pneumonia overestima-
tion during a period of 1 year of the investigation.

In conclusion, administrative data proved to be a
feasible source of data to estimate the burden of
CAP in infants. Considering the low cost of using
SIH-SUS, similar studies in other municipalities of
the country should be encouraged to confirm the ap-
propriateness of using administrative databases in
time-series analysis to evaluate the impact of interven-
tions on CAP hospitalizations in infants.
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