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Abstract
We evaluated the sensitivity of the dengue surveillance system in detecting hospitalized

cases in ten capital cities in Brazil from 2008 to 2013 using a probabilistic record linkage of

two independent information systems hospitalization (SIH-SUS) adopted as the gold stan-

dard and surveillance (SINAN). Sensitivity was defined as the proportion of cases reported

to the surveillance system amid the suspected hospitalized cases registered in SIH-SUS.

Of the 48,174 hospitalizations registered in SIH-SUS, 24,469 (50.7%) were reported and

registered in SINAN, indicating an overall sensitivity of 50.8% (95%CI 50.3–51.2). The

observed sensitivity for each of the municipalities included in the study ranged from 22.0%

to 99.1%. The combination of the two data sources identified 71,161 hospitalizations, an

increase of 97.0% over SINAN itself. Our results allowed establishing the proportion of

underreported dengue hospitalizations in the public health system in Brazil, highlighting the

use of probabilistic record linkage as a valuable tool for evaluating surveillance systems.

Author Summary

This manuscript address essential issues regarding the current and future challenges of a
dengue surveillance system. Dengue fever is one of the major public health threats in a
large area of the world, including Brazil which represents around 70% of the cases in the
Americas. The dengue surveillance system in Brazil was established in 1986, but evalua-
tions of this surveillance system were rarely conducted. The need for accurate data is of
paramount importance due to not only the increase of severe cases in the past decade, but
also to monitor the impact of a vaccine as soon as it occurs. The evaluation of the sensitiv-
ity of surveillance system is a challenge, due to the lack of a gold standard. In our study, we
took advantage of two very well structured and independent information systems with
nationwide coverage. The hospitalization information system was defined as the gold stan-
dard for hospitalized cases in the public health system and compared to the notifiable dis-
eases information system using a probabilistic record linkage. Therefore, we were able to
evaluate the sensitivity of the dengue surveillance system in detecting hospitalized cases in
ten capital cities from 2008 to 2013 in Brazil.

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004705 May 18, 2016 1 / 12

a11111

OPEN ACCESS

Citation: Coelho GE, Leal PL, Cerroni MdP, Simplicio
ACR, Siqueira JB, Jr. (2016) Sensitivity of the
Dengue Surveillance System in Brazil for Detecting
Hospitalized Cases. PLoS Negl Trop Dis 10(5):
e0004705. doi:10.1371/journal.pntd.0004705

Editor: Duane J. Gubler, Duke-NUS GMS,
SINGAPORE

Received: September 27, 2015

Accepted: April 21, 2016

Published: May 18, 2016

Copyright: © 2016 Coelho et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: All relevant data are
within the paper.

Funding: The authors received no specific funding
for this work.

Competing Interests: The authors have declared
that no competing interests exist.

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0004705&domain=pdf
http://creativecommons.org/licenses/by/4.0/


www.manaraa.com

Introduction
Dengue is the most important arboviral disease in the world due to the associated morbidity,
mortality and economic burden [1–4]. In Brazil, the disease has become a major public health
challenge, with 5.8 million probable cases, 555 thousand hospitalizations and 3,000 deaths
reported from 2002 to 2014. During this period, noteworthy epidemiologic shifts were
observed in the country, including an increase in the number of smaller cities experiencing
transmission, changes in affected age groups and increases in the proportion of severe cases
[5–8].

Dengue fever is a mandatorily reportable disease in Brazil since the reintroduction of the
virus to the country in 1986 [7]. The dengue surveillance system relies on passive reporting
from healthcare facilities (outpatient and hospital), with uniform standardized forms used
throughout the country. The data from these forms are entered into the National Reportable
Disease Information System—SINAN (Sistema de Informação de Agravos de Notificação),
which is the main source for dengue related information in Brazil. As expected, passive surveil-
lance likely results in under-reporting, especially with regard to undifferentiated febrile and
atypical forms of dengue [9,10]. This limitation may lead to an underestimated burden of the
disease, which can result in inappropriate allocation of resources for prevention and control
activities[11–13].

The continuous evaluation of surveillance systems with respect to their attributes, is critical
for maximizing the efficacy and the utility of such systems and for producing more reliable
indicators [14]. The sensitivity of a surveillance system is the capacity to identify cases of the
disease and, therefore, is a crucial attribute for a system to reach its goals. However, the evalua-
tion of the sensitivity is usually a challenge due the lack of a gold standard to provide the true
number of cases for comparison [15]. The record linkage of different information systems is an
alternative to improve disease estimates and evaluate the sensitivity of surveillance systems
[16–18]. Hospitalizations in the public health system in Brazil (National Unified Health Sys-
tem-SUS) are registered in a specific information system that is independent of the surveillance
system. The objective of this study was to estimate the sensitivity of the national dengue sur-
veillance system (SINAN) for detecting hospitalized dengue cases in the National Unified
Health System (SUS) in 10 state capitals between 2008 and 2013 in Brazil.

Methods

Ethics Statement
This study was approved by the Committee for Ethics in Research of the Federal University of
Goiás in accordance with the ethics principles established in Resolution 466/12 of the National
Council for Health of Brazil and all data analyzed were anonymized.

This an observational, descriptive and cross-sectional epidemiologic study based on the
probabilistic record linkage between the databases of the National Unified Health System’s
Hospital Information System (we use the Portuguese acronym SIH-SUS) and the National
Reportable Disease Information System (SINAN).

Study area and period: We selected ten state capitals located in the four dengue endemic
regions of Brazil for the study. These municipalities contributed 10% of the total hospitalized
dengue cases from 2008 to 2013, the study period. Although the municipalities vary in size,
they were similar with regard to epidemiological aspects of dengue such as the historical circu-
lation of the four viral serotypes (DENV 1, 2, 3, 4) and the occurrence of epidemics. The
selected capitals were the following (city (state)): North Region—Manaus (AM), Boa Vista

Sensitivity Dengue Surveillance System

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004705 May 18, 2016 2 / 12



www.manaraa.com

(RR); Northeast Region–Fortaleza (CE), Natal (RN), São Luis (MA), Teresina (PI); Southeast
Region—Rio de Janeiro (RJ), Belo Horizonte (MG); and Central-West Region–Goiânia (GO),
Campo Grande (MS).

Data Sources
Dengue hospitalized cases: The organization of the Public Health System (SUS) in Brazil has
been described in detail elsewhere [19]. Briefly, this system provides universal healthcare to all
persons residing in Brazil, outpatient and inpatient, at no charge to patients. Approximately
70% of inpatient medical services in the country are provided by SUS [20]. Hospitalizations in
SUS requires completion of a standard form that captures patients’ personal data, symptoms,
and the initial diagnosis coded according to the 10th revision of the International Classification
of Disease (ICD-10). This form and further information on diagnoses, treatment, test results,
and billing are the main data recorded by the SIH-SUS, which is an administrative database
standardized throughout Brazil. This system captures data on all hospitalizations paid by the
public health system for public and contracted hospitals. The resulting data is checked and vali-
dated by local health authorities and subsequently transmitted to regional and national levels.
For this study, we extracted the records for suspected dengue cases that were hospitalized in
SUS, using admission ICD10 codes A90 and A91 for Dengue and Dengue Hemorrhagic Fever.
We used the SIH-SUS database, updated in January 2014, for the years 2008 to 2013.

Reported dengue Cases: The organization of the surveillance system has been previously
described [7]. In summary, dengue is a mandatorily reportable disease and the system relies on
the notification of all suspected cases at public and private health facilities based on the attend-
ing clinician’s initial clinical diagnosis (not laboratory confirmed). SINAN is the official infor-
mation system for entering and processing the data for reported dengue cases throughout
Brazil. It uses uniform standardized forms that capture data related to patient identification as
well as the main characteristics of the illness. Data on patient hospitalization during each den-
gue disease episode is also recorded and this procedure is independent of SIH-SUS routines.
During the study period, the Ministry of Health (MoH) of Brazil adopted the case definitions
proposed by the Pan American Health Organization (PAHO/WHO) for suspected and con-
firmed cases of Dengue Fever (DF) and Dengue Hemorrhagic Fever (DHF). Additionally, the
MOH adopted an intermediate final classification “dengue with complications” (DwC) that
includes all the cases that did not fulfill the DHF diagnosis criteria and ones for which the DF
classification was not satisfactory due to the severity of the clinical and laboratory outcomes
presented. The final classification of each case is only performed after the patient’s discharge or
conclusion of the case investigation.

Identification and deletion of duplicated records are conducted at the local level using
SINAN’s automated routine and the resulting data is transferred to state and federal levels.
Failure to transmit data from the local level for a period of two months is penalized by cancella-
tion of financial resources destined to the municipality.

Data Analysis
Initially we identified and excluded duplicate records and inconsistencies in both databases.
During the process of standardization of databases a total 25,047 duplicate records were
excluded (23,232 from SINAN and 1,815 from SIH-SUS). Using the cleaned databases, we gen-
erated descriptive findings of dengue related hospitalizations by gender, age group and diagno-
sis according to ICD-10 in each of the two systems. The number of dengue-related
hospitalizations in each state capital derived from SIH-SUS was defined as the gold standard
for the subsequent sensitivity analysis.
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A probabilistic record linkage of all dengue related-hospitalized recorded in SIH-SUS and
all reported cases in SINAN was performed. We used RecLinkIII software, which implements
the probabilistic record linkage methodology and is widely used for this purpose in Brazil
[21,22]. The output of this software includes a score for the links formed to assess the agree-
ment and disagreement of the variables selected for the linkage. The higher the score, the
greater the probability of finding a true matched pair.

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. These procedures
comprised mainly standardization of the variables selected as matching and/or blocking
variables.

The record linkage process consisted of the following steps:

1. The following matching variables were included in the probabilistic record linkage: patients’
name, date of birth, mother’s name, and city of residence.

2. Gender was used as a blockage variable. This step created mutually exclusive blocks in the
two databases for a greater speed in the linkage procedure.

3. The resulting score of the linkage was used to attribute the status of the pair as follows:
“true” (scores from 19.3 to 38.1), “questionable” (scores from 13.1 to 19.3), and “non-pair”
(scores<13.1).

4. “Questionable” pairs were manually reviewed with the objective of reclassification to “true”
or “non-pair”. A similar procedure was also applied to a randomly selected sample of “true”
pairs and “non-pairs” for quality control.

The sensitivity of the surveillance system for detecting hospitalized cases in SIH-SUS was
calculated using two approaches. In method 1, the numerator consisted of the total number of
true pairs, which were also described as being hospitalized in SINAN; the denominator con-
sisted of the total number of dengue related hospitalizations in SIH-SUS. In method 2, the
numerator consisted of the total number of true pairs regardless of the reported hospitalization
status in SINAN; the denominator consisted, again, of the total number of dengue related hos-
pitalizations in SIH-SUS. To estimate the overall number of hospitalization was adopted the
formula: (SINAN hospitalization X SIH-SUS)/Matched pairs[23]

Data was processed and analyzed using Tabwin, Reclink III version 3.1.6 and Microsoft
Office 2010.

Results
During the study period, 1,203,212 suspected dengue cases were reported in the 10 selected
municipalities and of these 36,145 (3.0%) were hospitalized according to SINAN. In SIH-SUS,
48,174 dengue hospitalizations were registered during the same period. Overall, the number of
hospitalizations recorded in SIH-SUS was 33.3% higher than those recorded in SINAN (Fig 1).

However, this pattern was not observed in the municipalities of São Luis (MA), Rio de
Janeiro (RJ) and Campo Grande (MS) where the number of hospitalizations was higher in
SINAN exceeded those recorded in SIH-SUS by 5,207 (31.2%) (S1 Table).

The distribution of hospitalizations by sex showed a similar pattern in both information sys-
tems, with females accounting for about 51% of the records. The proportion of hospitalized
cases in children under 15 years was higher in SIH-SUS (45.0%) compared to SINAN (38.5%).
This pattern was observed in most capitals except in Boa Vista (RR) and Teresina (PI) where
the proportion of hospitalizations in children were 55.8% and 29.6% in SINAN and 44.0% and
28.3% in SIH-SUS respectively.
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Patients with DF accounted for 43.4% and 83.1% of hospitalizations in SINAN and SIH-
SUS, respectively. Almost twice as many hospitalizations due to suspected DHF were
observed in SIH-SUS compared with those in SINAN: 8,123 (17.0%) vs. 3,346 (9.2%) rec-
ords, respectively. However, 14,030 hospitalizations (38.8%) were classified as DwC in
SINAN, highlighting that some of these cases may include suspected DHF inpatients. Only
in Boa Vista (RR) there was a higher number of hospitalizations due to DHF in SINAN
(Table 1).

The probabilistic record linkage identified 24,469 records common to both databases. Over-
all, among the total number of pairs found, 12,995 (53.1%) had the field for the variable “hospi-
talization” completed in the SINAN record, with the highest proportion observed in 2008
(26.6%) (Table 2).

However, different results were observed for the years of 2010 and 2009, with, respectively,
23.5% and 2.2% of the pairs with information on hospitalization available in SINAN.

The combination of the two systems allowed identification of 71,161 hospitalizations, which
represented increases of 97.0% and 47.7% in the number previously registered in SINAN
(36,145) and SIH- SUS (48,174), respectively (Table 2).

The sensitivity of the surveillance system in detecting cases hospitalized in SUS was 27.0%
(95% CI 26.6 to 27.4), when considering only records with information regarding hospitaliza-
tion in both systems (method 1). Using this approach, the lowest sensitivity was observed in
2009 at 8.3% (95%CI: 7.4 to 9.3) and the highest in 2013 at 41.9% (95% CI 40.2–43.6). Among
the municipalities the highest and lowest sensitivities were observed in Campo Grande (MS) at
78.5% (95%CI: 67.5 to 86.6) in 2012 and 0% in 2008, when none of the 15 hospitalizations were
registered in SINAN.

The sensitivity of the surveillance system including all records in SINAN regardless of the
hospitalization status (method 2) was almost twice as high as that calculated by the first
approach. Using this method, the cumulative sensitivity was 50.8% (95%CI: 50.3–51.2), with
the lowest value observed in 2009 at 41.2% (95%CI: 39.6–42.9) and the highest in 2013 at

Fig 1. Probabilistic record linkage of hospitalized dengue cases in the Hospitalization Information
System (SIH-SUS) and the reported dengue cases from the Notifiable Diseases Information System
(SINAN) and in ten municipalities of the study, Brazil, 2008–2013.

doi:10.1371/journal.pntd.0004705.g001
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79.1% (95%CI: 77.7–80.4). Among the municipalities, the highest value was observed in
Campo Grande (MS) at 99.2% (95%CI: 98.3–99.6) in 2010 and the lowest in Teresina (PI) at
18.1% (95%CI: 14.8–21.9) in 2008 (Table 2; Fig 2).

Table 1. Hospitalizations recorded in the SINAN and SIH-SUS information systems by sex age and classification, in ten municipalities in Brazil,
2008–2013.

General characteristics 2008–2013

SINAN SIH-SUS

N (%) N (%)

Hospitalizations

Yes 36,145 (100.0) 48,174 (100.0)

Gender

Female 18,570 (51.8) 24,54 (51.4)

Age

<15 years 13,918 (38.5) 21,702 (45.0)

15 a 59 years 17,130 (47.4) 22,487 (46.7)

60 and more 3,261 (9.0) 3,984 (8.3)

Ignored 1,836 (5.1) 1 (0.002)

Final Classification*

DF 15,681 (43.4) 40,051 (83.1)

DwC 14,030 (38.8) - -

DHF/DSS 3,346 (9.2) 8,123 (16.9)

Probable cases 705 (2.0)

Discarded 2,383 (6.6) - -

*DF- Dengue Fever; DwC–Dengue with complications; DHF–Dengue Hemorrhagic Fever; DSS–Dengue shock syndrome

doi:10.1371/journal.pntd.0004705.t001

Table 2. Number of cases hospitalized in SINAN, SIH-SUS and the sensitivity of the dengue surveillance system in detecting hospitalized cases I n
ten municipalities in Brazil, 2008–2013.

Information Source 2008 2009 2010 2011 2012 2013 Total
N N N N N N N

SINAN Hospitalization 11,108 2,177 6,514 9,094 3,758 3,494 36,145

SIH-SUS 18,251 3,455 8,202 10,050 4,836 3,380 48,174

Pairs SINAN and SIH-SUS 7,781 1,425 5,116 4,299 3,174 2,674 24,469

With hospitalization registered in
SINAN

3,462 287 3,055 2,942 1,832 1,417 12,995

Without hospitalization registered in
SINAN

4,319 1,138 2,061 1,357 1,342 1,257 11,474

Sensitivity method 1* % (IC95%) 19(18.4–
19.4)

8.3 (7.4–9.3) 37.2(36.2–
38.3)

29.3(28.4–
30.2)

37.9(36.5–
3.3)

41.9(40.2–
43.6)

27.0(26.6–
27.4)

Sensitivity Method 2† % (IC95%) 42.6(41.9–
43.3)

41.2 (39.6–
42.9)

62.4(6.3–
63.4)

42.8(41.8–
43.7)

65.6(64.3–
66.9)

79.1(77.7–
80.5)

50.8 (50.3–
51.2)

Total Estimated Hospitalizations¥ 26,054 5,278 10,443 21,258 5,726 4,416 71,161

*Numerator: total number of true pairs that were also reported as being hospitalized in SINAN; Denominator: total number of dengue related

hospitalizations in SIH-SUS
† Numerator: total number of true pairs regardless of the reported hospitalization status in SINAN; Denominator: total number of dengue related

hospitalizations in SIH-SUS.
¥Total Estimated Hospitalizations: calculated using the formula: (SINAN hospitalization X SIH-SUS)/Matched Pairs[23]

doi:10.1371/journal.pntd.0004705.t002
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The comparison of matched pairs according to the initial clinical suspicion of dengue from
SIH-SUS and the final classification according to the surveillance system is presented in
Table 3.

Among the 4,515 pairs hospitalized in SIH-SUS and classified as DHF (A91), 35.5% (1604)
were classified in SINAN as DF, 31.2% (1,407) as DwC and 15.1% as DHF / DSS. Of the 19,954
patients hospitalized with a classification of DF (A90), 57.5% (11,482) had a final classification
of DF, 17.2% (3,456) were reclassified as DwC and 4.9% DHF and DSS. The percentage of pairs
that lacked a classification by the surveillance system was 11.6%.

Discussion
In this study, we demonstrated the occurrence of a larger number of hospitalized dengue fever
cases in Brazil than that captured in the national surveillance system (SINAN). The use of

Fig 2. Sensitivity of the dengue surveillance system in detecting hospitalized dengue cases in ten
municipalities in Brazil, 2008–2013.

doi:10.1371/journal.pntd.0004705.g002

Table 3. Pairs identified by the probabilistic record linkage according to the initial clinical assessment
in SIH-SUS and final case classification in SINAN in the 10 municipalities of the study, Brazil, 2008–
2013.

SINAN Final Classification* SIH-SUS Initial Clinical Assessment*

DF (A90) DHF (A91)

N (%) N (%)

DF 11,482 (57.5) 1,604 (35.5)

DwC 3,456 (17.2) 1,407 (31.2)

DHF/DSS 975 (4,9) 685 (15.1)

Not Classified (missing information) 2,221 (11.2) 626 (13.9)

Discarded 1,820 (9.2) 193 (4.3)

Total 19,954 (100) 4,515 (100)

*DF- Dengue Fever; DwC–Dengue with complications; DHF–Dengue Hemorrhagic Fever; DSS–Dengue

shock syndrome

doi:10.1371/journal.pntd.0004705.t003
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probabilistic record linkage of SINAN data and the national hospitalization system (SIH-SUS)
database expanded the estimate of dengue hospitalizations by over 49.2% (35,016) hospitaliza-
tions in the ten cities of the study, compared to the data available from SINAN alone.

The dengue surveillance system should capture all reported cases from both public and pri-
vate health systems. We therefore expected that the total number of cases in the SINAN sur-
veillance database would exceed that of SIH-SUS, which only covers the public health system.
However, this was not observed in general, except for three municipalities, where the higher
number of hospitalizations observed in SINAN when compared to SIH-SUS could reflect an
improved participation from private hospitals in surveillance activities. The surveillance system
did not allow identifying if the reporting health unit is public or private, but the inclusion of
this data would improve the quality and representativeness of the surveillance system.

The adoption of two different approaches to evaluate the sensitivity allowed a more compre-
hensive analysis of the current operational aspects of the surveillance system. Most hospitalized
suspected cases of dengue were not reported to the surveillance system or were reported before
hospitalization. Only 12,995 (53%) of the reported dengue cases had data on the hospitalization
status in the surveillance information system. The completion of the appropriate data field for
hospitalization status in the SINAN surveillance form would enable the surveillance system to
capture the burden of the disease and its trends over time.

Interpretation of the results of our analysis for 2008 and 2009 requires caution. A new ver-
sion of SINAN software was implemented nationwide in January 2007. The updated version
did not allow filling the field for the hospitalization variable for cases classified as DF, even if
the data was available from the investigation form. As this limitation was a technical oversight,
it was corrected with a software patch in late 2009. Since the attributes of a surveillance system
are intrinsically interconnected, the sensitivity in this case was influenced by the limited capac-
ity to adapt to changing information needs or operating conditions, in other words, the flexibil-
ity of the system.

Although SINAN and SIH-SUS are completely independent of each other, the distribution
of sex and age groups of hospitalized patients was very similar for the cases captured by each of
the two systems. However, the observed differences in initial clinical diagnosis at the moment
of the admission and the final classification performed after the full course of the illness high-
light some of the difficulties discussed over time in the disease classification [24,25]. This dis-
agreement reinforces the importance of the surveillance routines adopted by the Brazilian
surveillance system. The final classification of cases reflects the investigation conducted locally
by public health professionals based on chart review and clinical and laboratory findings, in
accordance national guidelines of the Ministry of Health[26]. Annually, 30 to 40% of reported
cases are discarded by the surveillance system in Brazil based on these investigation routines;
confirmed cases are classified according to their clinical outcome. During dengue outbreaks,
the health system is usually overwhelmed and mild cases may be reported without follow up,
but additional information is mandatory for cases with severe outcomes. The results of these
investigation efforts by the public health system serve to guide the adoption of control mea-
sures and organization of the healthcare network for present and future transmission periods.
In our study, the final classification of cases available in SINAN presented a low concordance
with the initial diagnosis by physicians at the time of hospitalization. Only 15.1% of those hos-
pitalized as a suspected case of DHF in the public health system met the proposed criteria for
this definition; the high proportion (22.1%) of hospitalized DF cases that were reclassified to
more severe forms, DwC or DHF, underscore the difficulties of using the WHO protocol in
routine epidemiological surveillance [27–29]. Greater accuracy in the identification of severe
cases was attempted in SINAN by including classification of Dengue with Complications
(DwC). DwC is not a classification option in SIH-SUS. Additionally, the strain of virus, specific

Sensitivity Dengue Surveillance System
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sequence of dengue virus infection, comorbidities, the age and possibly the ethnic composition
of patient groups may also influence the different patterns observed in different cities and in
different years. Better knowledge of the indicators of morbidity and mortality is essential for
assessing the burden of dengue and for measuring the impact of intervention strategies [30,31].
The availability of different data sources in Brazil is a most welcoming scenario as it has the
potential to increase the representativeness of the surveillance system [32–35]. In this context,
the integration of these different sources should be seamless, with automated reports from
SIH-SUS to SINAN as suspected cases of mandatorily notifiable diseases are hospitalized.
Efforts like this should also be extended to the health insurance companies that also rely on
information system for payment purposes.

Other studies have emphasized the need for evaluating the underreporting of hospitalized
dengue cases. In Cambodia, data from the routine surveillance system was compared with data
from active surveillance; 1.1- to 2.4-fold more hospitalized cases were detected by active surveil-
lance [36]. Similar results were found in another study in Cambodia and Thailand with 1.4 and
2.6-fold more hospitalizations, respectively [37]. In Puerto Rico, the estimated underreporting
for inpatients was 42.0% [23]. In Belo Horizonte, Brazil an evaluation of the surveillance system
found similar results with a sensitivity of 63% in detecting hospitalized patients [38].

Underreporting of non-hospitalized patients is even more pronounced. The use of active
surveillance in Thailand and Cambodia detected 8.7- and 9.1- fold more cases, respectively,
than routine surveillance [37]. Other studies showed higher levels of underreporting ranging
from 3.9–29 times in Cambodia and 14.0–28 times in Nicaragua [36,39]. The significant under-
counting of non-hospitalized patients is likely do to the fact that many infected persons, espe-
cially those with non-severe dengue, do not seek healthcare.

The following limitations may have influenced the estimates of sensitivity in our study. We
used the data from SIH-SUS as a gold standard, but this system includes only hospitalizations
in the public health system, and excludes private healthcare facilities. The private health system
is not required to make databases available to research initiatives this was the reason we could
not perform an evaluation of underreporting in the private sector. A second potential limita-
tion lies in the methodology of the probabilistic record linkage. Although we have processed a
manual review of the pairs with the objective of minimizing errors, it is possible that some
pairs were considered true but in fact consisted of different individuals (i.e., false positives),
while others may not have been correctly identified (i.e., false negatives) [40].

Although cohort studies are considered the best method for epidemiological estimates of
disease incidence, our study confirms the practicality of comparing different databases by
using probabilistic methods as a viable alternative for evaluation of surveillance systems. To
our knowledge, this is the first study that uses the probabilistic linkage of the databases of
SINAN and SIH-SUS in the evaluation of the surveillance of hospitalized dengue cases in mul-
tiple cities. Some of our findings reinforce the usefulness of such methodology. The first con-
cerns the revised WHO dengue classification, adopted by Brazil in 2014. Our study may serve
as a reference for comparisons in the future on some attributes of the surveillance system
employing the new classification. Additionally, the introduction of a dengue vaccine requires a
stable, robust surveillance system that provides reliable counts of hospitalized dengue cases,
among other indicators, in order to define priority areas and populations for vaccination trials
and cost effectiveness studies.

Supporting Information
S1 Table. Number and characteristics of dengue hospitalized cases in the Hospitalization
Information System (SIH-SUS) and in the Notifiable Diseases Information System

Sensitivity Dengue Surveillance System

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004705 May 18, 2016 9 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pntd.0004705.s001


www.manaraa.com

(SINAN) for each of the municipalities of the study, Brazil, 2008–2013.
(XLSX)

Author Contributions
Conceived and designed the experiments: GEC PLL MdPC ACRS JBS. Performed the experi-
ments: GEC PLL MdPC ACRS JBS. Analyzed the data: GEC PLL MdPC ACRS JBS. Wrote the
paper: GEC PLL MdPC ACRS JBS.

References
1. Guzman MG, Harris E (2014) Dengue. Lancet 6736: 1–13. Available: http://dx.doi.org/10.1016/S0140-

6736(14)60572-9. Accessed 17 September 2014.

2. Bhatt S, Gething PW, Brady OJ, Messina JP, Farlow AW, et al. (2013) The global distribution and bur-
den of dengue. Nature 496: 504–507. Available: doi: 10.1038/nature12060 Accessed 11 July 2014.
PMID: 23563266

3. Simmons CP, Farrar JJ, Nguyen van VC, Wills B (2012) Dengue. N Engl J Med 366: 1423–1432. Avail-
able: doi: 10.1056/NEJMra1110265 Accessed 8 August 2014. PMID: 22494122

4. World Health Organization (2012) Global Strategy for Dengue Prevention and Control 2012–2020. 1st
ed. World Health Organization, editor Geneva. 35 p. Available: www.who.int.

5. Brasil. Ministério da Saude. Secretaria de Vigilância em Saúde. (2013) Doenças com potencial epidê-
mico no Brasil, de 2000 a 2009–2013. Saude Brasil, 2012. Uma análise da situação de saude e dos 40
anos do Programa Nacional de Imunizações. Brasilia. pp. 187–212. Available: http://bvsms.saude.gov.
br/bvs/publicacoes/saude_brasil_2012.pdf.

6. Rocha LA da Tauil PL (2009) [Dengue in children: clinical and epidemiological characteristics, Manaus,
State of Amazonas, 2006 and 2007]. Rev Soc Bras Med Trop 42: 18–22. Available: http://dx.doi.org/
10.1590/S0037-86822009000100005. Accessed 5 October 2013. PMID: 19287930

7. Siqueira JB, Martelli CMT, Coelho GE, Simplicio AC da R, Hatch DL (2005) Dengue and dengue hem-
orrhagic fever, Brazil, 1981–2002. Emerg Infect Dis 11: 48–53. Available: doi: 10.3201/eid1101.
031091 Accessed 8 October 2013. PMID: 15705322

8. Teixeira MG, Costa MCN, Coelho G, Barreto ML (2008) Recent shift in age pattern of dengue hemor-
rhagic fever, Brazil. Emerg Infect Dis 14: 1663. Available: doi: 10.3201/eid1410.071164 Accessed 4
October 2013. PMID: 18826842

9. Runge-Ranzinger S, McCall PJ, Kroeger A, Horstick O (2014) Dengue disease surveillance: an
updated systematic literature review. Trop Med Int Health 19: 1116–1160. Available: doi: 10.1111/tmi.
12333 Accessed 10 September 2014. PMID: 24889501

10. Runge-Ranzinger S, Horstick O, Marx M, Kroeger A (2008) What does dengue disease surveillance
contribute to predicting and detecting outbreaks and describing trends? Trop Med Int Health 13: 1022–
1041. Available: doi: http://dx.doi.org/10.1111/j.1365-3156.2008.02112.x Accessed 7 October 2014.
PMID: 18768080

11. Beatty ME, Beutels P, Meltzer MI, Shepard DS, Hombach J, et al. (2011) Health economics of dengue:
a systematic literature review and expert panel’s assessment. Am J Trop Med Hyg 84: 473–488. Avail-
able: doi: http://dx.doi.org/10.4269/ajtmh.2011.10-0521 Accessed 21 October 2014. PMID: 21363989

12. Gubler DJ (2012) The economic burden of dengue. Am J Trop Med Hyg 86: 743–744. Available: doi:
10.4269/ajtmh.2012.12–0157 Accessed 4 October 2014. PMID: 22556068

13. Shepard DS, Coudeville L, Halasa Y a, Zambrano B, Dayan GH (2011) Economic impact of dengue ill-
ness in the Americas. Am J Trop Med Hyg 84: 200–207. Available: doi: http://dx.doi.org/10.4269/ajtmh.
2011.10-0503 Accessed 25 September 2014. PMID: 21292885

14. Centers for Disease Control and Prevention (2001) Update Guidelines for Evaluating Public Health Sur-
veillance Systems: Recommendations from the GuidelinesWorking Group.Morbidity and Mortality
Week Reports 50. Atlanta.

15. Giesecke J (2002) Routine Surveillance of infectious disease. In: Brown J, editor. Modern Infectious
Disease Epidemiology. Stockholm: Georgina Bentliff. pp. 148–159. Available: http://www.
hoddreducation.co.uk.

16. Ferreira VMB, Portela MC (1999) Avaliação da subnotificação de casos de Aids no Município do Rio de
Janeiro com base em dados do sistema de informações hospitalares do Sistema Único de Saúde. Cad
Saude Publica 15: 317–324. Available: http://dx.doi.org/10.1590/S0102-311X1999000200016.
Accessed 21 October 2014. PMID: 10409784

Sensitivity Dengue Surveillance System

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004705 May 18, 2016 10 / 12

http://dx.doi.org/10.1016/S0140-6736(14)60572-9
http://dx.doi.org/10.1016/S0140-6736(14)60572-9
http://dx.doi.org/10.1038/nature12060
http://www.ncbi.nlm.nih.gov/pubmed/23563266
http://dx.doi.org/10.1056/NEJMra1110265
http://www.ncbi.nlm.nih.gov/pubmed/22494122
http://www.who.int
http://bvsms.saude.gov.br/bvs/publicacoes/saude_brasil_2012.pdf
http://bvsms.saude.gov.br/bvs/publicacoes/saude_brasil_2012.pdf
http://dx.doi.org/10.1590/S0037-86822009000100005
http://dx.doi.org/10.1590/S0037-86822009000100005
http://www.ncbi.nlm.nih.gov/pubmed/19287930
http://dx.doi.org/10.3201/eid1101.031091
http://dx.doi.org/10.3201/eid1101.031091
http://www.ncbi.nlm.nih.gov/pubmed/15705322
http://dx.doi.org/10.3201/eid1410.071164
http://www.ncbi.nlm.nih.gov/pubmed/18826842
http://dx.doi.org/10.1111/tmi.12333
http://dx.doi.org/10.1111/tmi.12333
http://www.ncbi.nlm.nih.gov/pubmed/24889501
http://dx.doi.org/10.1111/j.1365-3156.2008.02112.x
http://www.ncbi.nlm.nih.gov/pubmed/18768080
http://dx.doi.org/10.4269/ajtmh.2011.10-0521
http://www.ncbi.nlm.nih.gov/pubmed/21363989
http://dx.doi.org/10.4269/ajtmh.2012.12&ndash;0157
http://www.ncbi.nlm.nih.gov/pubmed/22556068
http://dx.doi.org/10.4269/ajtmh.2011.10-0503
http://dx.doi.org/10.4269/ajtmh.2011.10-0503
http://www.ncbi.nlm.nih.gov/pubmed/21292885
http://www.hoddreducation.co.uk
http://www.hoddreducation.co.uk
http://dx.doi.org/10.1590/S0102-311X1999000200016
http://www.ncbi.nlm.nih.gov/pubmed/10409784


www.manaraa.com

17. Rehem TCMSB, de Oliveira MRF, Ciosak SI, Egry EY (2013) Record of hospitalizations for ambulatory
care sensitive conditions: validation of the hospital information system. Rev Lat Am Enfermagem 21:
1159–1164. Available: doi: http://dx.doi.org/10.1590/S0104-11692013000500020 Accessed 12 Octo-
ber 2014. PMID: 24142226

18. Sgambatti S, Minamisava R, Afonso ET, Toscano CM, Bierrenbach a L, et al. (2014) Appropriateness
of administrative data for vaccine impact evaluation: the case of pneumonia hospitalizations and pneu-
mococcal vaccine in Brazil. Epidemiol Infect: 1–9. Available: doi: http://dx.doi.org/10.1017/
S0950268814000922 Accessed 10 August 2014. PMID: 24759601

19. Paim J, Travassos C, Almeida C, Bahia L, Macinko J (2011) The Brazilian health system: history,
advances, and challenges. Lancet 377: 1778–1797. Available: doi: http://dx.doi.org/10.1016/S0140-
6736(11)60054-8 Accessed 9 July 2014. PMID: 21561655

20. da Silva ZP, Ribeiro MCS de A, Barata RB, de Almeida MF (2011) [Socio-demographic profile and utili-
zation patterns of the public healthcare system (SUS), 2003–2008]. Cien Saude Colet 16: 3807–3816.
Available: doi: http://dx.doi.org/10.1590/S1413-81232011001000016 Accessed 1 October 2014.
PMID: 21987323

21. Camargo KR, Coeli CM (2000) [Reclink: an application for database linkage implementing the probabi-
listic record linkage method]. Cad Saude Publica 16: 439–447. Available: doi: http://dx.doi.org/10.
1590/S0102-311X2000000200014 Accessed 8 October 2013. PMID: 10883042

22. Camargo KR de Jr, Coeli CM (2006) RecLink 3: a new version of the program that implements the prob-
abilistic record linkage technique. Cad Saúde Coletiva 14: 399–404. Available: http://www.cadernos.
iesc.ufrj.br/cadernos/images/csc/2006_2/artigos/nota1.pdf.

23. Dechant EJ, Rigau-Pérez JG (1999) Hospitalizations for suspected dengue in Puerto Rico, 1991–
1995: estimation by capture-recapture methods. The Puerto Rico Association of Epidemiologists. Am J
Trop Med Hyg 61: 574–578. Available: http://www.ncbi.nlm.nih.gov/pubmed/10548291. Accessed 6
October 2013. PMID: 10548291

24. OH, E M, GM.G, SM J.L, R S.R (2015) WHO dengue case classification 2009 and its usefulness in
practice: an expert consensus in the Americas. Pathog Glob Health 109: 19–25. Available: http://www.
maneyonline.com/doi/pdfplus/10.1179/2047773215Y.0000000003\nhttp://ovidsp.ovid.com/ovidweb.
cgi?T=JS&PAGE=reference&D=emed13&NEWS=N&AN=2015964689. doi: 10.1179/2047773215Y.
0000000003 PMID: 25630344

25. Jaenisch T, Tam DTH, Kieu NTT, Van Ngoc T, NamNT, et al. (2016) Clinical evaluation of dengue and
identification of risk factors for severe disease: protocol for a multicentre study in 8 countries. BMC
Infect Dis 16: 120. Available: http://www.biomedcentral.com/1471-2334/16/120. doi: 10.1186/s12879-
016-1440-3 PMID: 26968374

26. Brasil. Ministério da Saúde. Secretaria de Vigilância em Saúde. Departamento de Vigilância Epidemio-
lógica. (2009) Guia de Vigilância Epidemiológica. 7th ed. Ministério Da Saúde, editor Brasília: Minis-
tério da Saúde. 816 p. Available: http://bvsms.saude.gov.br/bvs/publicacoes/guia_vigilancia_
epidemiologica_7ed.pdf.

27. Bandyopadhyay S, Lum LCS, Kroeger A (2006) Classifying dengue: a review of the difficulties in using
the WHO case classification for dengue haemorrhagic fever. Trop Med Int Health 11: 1238–1255.
Available: doi: 10.1111/j.1365-3156.2006.01678.x Accessed 25 September 2013. PMID: 16903887

28. Rigau-Pérez JG (2006) Severe dengue: the need for new case definitions. Lancet Infect Dis 6: 297–
302. Available: doi: http://dx.doi.org/10.1016/S1473-3099(06)70465-0 Accessed 26 September 2013.
PMID: 16631550

29. Alexander N, Balmaseda A, Coelho ICB, Dimaano E, Hien TT, et al. (2011) Multicentre prospective
study on dengue classification in four South-east Asian and three Latin American countries. Trop Med
Int Health 16: 936–948. Available: doi: 10.1111/j.1365-3156.2011.02793.x. Accessed 18 September
2013. PMID: 21624014

30. World Health Organization (2009) Dengue. Guidelines for Diagnosis, Treatment, Prevention and Con-
trol. Geneva. 160 p. Available: http://www.who.int/tdr/publications/training-guideline-publications/
dengue-diagnosis-treatment/en/.

31. Teixeira MG, Siqueira JB, Ferreira GLC, Bricks L, Joint G (2013) Epidemiological trends of dengue dis-
ease in Brazil (2000–2010): a systematic literature search and analysis. PLoS Negl Trop Dis 7: e2520.
Available: doi: 10.1371/journal.pntd.0002520 Accessed 18 September 2014. PMID: 24386496

32. Miranda AE, Dietze R, Maciel EL, Prado TN, Caus AL, et al. (2011) Tuberculosis and AIDS co-morbidity
in children: linkage of databases from Espirito Santo State, Brazil. J Trop Pediatr 57: 296–298. Avail-
able: doi: http://dx.doi.org/10.1093/tropej/fmq087 Accessed 12 October 2014. PMID: 20876684

33. Milde-Busch A, Kalies H, Rückinger S, Siedler A, Rosenbauer J, et al. (2008) Surveillance for rare infec-
tious diseases: is one passive data source enough for Haemophilus influenzae? Eur J Public Health

Sensitivity Dengue Surveillance System

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004705 May 18, 2016 11 / 12

http://dx.doi.org/10.1590/S0104-11692013000500020
http://www.ncbi.nlm.nih.gov/pubmed/24142226
http://dx.doi.org/10.1017/S0950268814000922
http://dx.doi.org/10.1017/S0950268814000922
http://www.ncbi.nlm.nih.gov/pubmed/24759601
http://dx.doi.org/10.1016/S0140-6736(11)60054-8
http://dx.doi.org/10.1016/S0140-6736(11)60054-8
http://www.ncbi.nlm.nih.gov/pubmed/21561655
http://dx.doi.org/10.1590/S1413-81232011001000016
http://www.ncbi.nlm.nih.gov/pubmed/21987323
http://dx.doi.org/10.1590/S0102-311X2000000200014
http://dx.doi.org/10.1590/S0102-311X2000000200014
http://www.ncbi.nlm.nih.gov/pubmed/10883042
http://www.cadernos.iesc.ufrj.br/cadernos/images/csc/2006_2/artigos/nota1.pdf
http://www.cadernos.iesc.ufrj.br/cadernos/images/csc/2006_2/artigos/nota1.pdf
http://www.ncbi.nlm.nih.gov/pubmed/10548291
http://www.ncbi.nlm.nih.gov/pubmed/10548291
http://www.maneyonline.com/doi/pdfplus/10.1179/2047773215Y.0000000003\nhttp://ovidsp.ovid.com/ovidweb.cgi?T=JS&amp;PAGE=reference&amp;D=emed13&amp;NEWS=N&amp;AN=2015964689
http://www.maneyonline.com/doi/pdfplus/10.1179/2047773215Y.0000000003\nhttp://ovidsp.ovid.com/ovidweb.cgi?T=JS&amp;PAGE=reference&amp;D=emed13&amp;NEWS=N&amp;AN=2015964689
http://www.maneyonline.com/doi/pdfplus/10.1179/2047773215Y.0000000003\nhttp://ovidsp.ovid.com/ovidweb.cgi?T=JS&amp;PAGE=reference&amp;D=emed13&amp;NEWS=N&amp;AN=2015964689
http://dx.doi.org/10.1179/2047773215Y.0000000003
http://dx.doi.org/10.1179/2047773215Y.0000000003
http://www.ncbi.nlm.nih.gov/pubmed/25630344
http://www.biomedcentral.com/1471-2334/16/120
http://dx.doi.org/10.1186/s12879-016-1440-3
http://dx.doi.org/10.1186/s12879-016-1440-3
http://www.ncbi.nlm.nih.gov/pubmed/26968374
http://bvsms.saude.gov.br/bvs/publicacoes/guia_vigilancia_epidemiologica_7ed.pdf
http://bvsms.saude.gov.br/bvs/publicacoes/guia_vigilancia_epidemiologica_7ed.pdf
http://dx.doi.org/10.1111/j.1365-3156.2006.01678.x
http://www.ncbi.nlm.nih.gov/pubmed/16903887
http://dx.doi.org/10.1016/S1473-3099(06)70465-0
http://www.ncbi.nlm.nih.gov/pubmed/16631550
http://dx.doi.org/10.1111/j.1365-3156.2011.02793.x.
http://www.ncbi.nlm.nih.gov/pubmed/21624014
http://www.who.int/tdr/publications/training-guideline-publications/dengue-diagnosis-treatment/en/
http://www.who.int/tdr/publications/training-guideline-publications/dengue-diagnosis-treatment/en/
http://dx.doi.org/10.1371/journal.pntd.0002520
http://www.ncbi.nlm.nih.gov/pubmed/24386496
http://dx.doi.org/10.1093/tropej/fmq087
http://www.ncbi.nlm.nih.gov/pubmed/20876684


www.manaraa.com

18: 371–375. Available: doi: http://dx.doi.org/10.1093/eurpub/ckn023 Accessed 15 October 2014.
PMID: 18424469

34. de Oliveira PPV, e Silva GA, Curado MP, Malta DC, de Moura L (2014) [Reliability of cancer as the
underlying cause of death according to the Mortality Information System and Population-Based Cancer
Registry in Goiânia, Goiás State, Brazil]. Cad Saude Publica 30: 296–304. Available: doi: http://dx.doi.
org/10.1590/0102-311X00024813 Accessed 12 October 2014. PMID: 24627058

35. Christensen PB, Hay G, Jepsen P, Omland LH, Just SA, et al. (2012) Hepatitis C prevalence in Den-
mark -an estimate based on multiple national registers. BMC Infect Dis 12: 178. Available: doi: http://
dx.doi.org/10.1186/1471-2334-12-178 Accessed 15 October 2014. PMID: 22866925

36. Vong S, Goyet S, Ly S, Ngan C, Huy R, et al. (2012) Under-recognition and reporting of dengue in Cam-
bodia: a capture-recapture analysis of the National Dengue Surveillance System. Epidemiol Infect 140:
491–499. Available: doi: http://dx.doi.org/10.1017/s0950268811001191 PMID: 21733251

37. Wichmann O, Yoon I-K, Vong S, Limkittikul K, Gibbons R V, et al. (2011) Dengue in Thailand and Cam-
bodia: an assessment of the degree of underrecognized disease burden based on reported cases.
PLoS Negl Trop Dis 5: e996. Available: doi: http://dx.doi.org/10.1371/journal.pntd.0000996 Accessed
8 October 2014. PMID: 21468308

38. Duarte HHP, França EB (2006) Qualidade dos dados da vigilância epidemiológica da dengue em Belo
Horizonte, MG. Rev Saude Publica 40: 134–142. Available: doi: http://dx.doi.org/10.1590/S0034-
89102006000100021 Accessed 21 October 2014. PMID: 16410994

39. Standish K, Kuan G, Avilés W, Balmaseda A, Harris E (2010) High dengue case capture rate in four
years of a cohort study in Nicaragua compared to national surveillance data. PLoS Negl Trop Dis 4:
e633. Available: doi: http://dx.doi.org/10.1371/journal.pntd.0000633 Accessed 21 October 2014.
PMID: 20300515

40. Coutinho ESF, Coeli CM (2006) Acurácia da metodologia de relacionamento probabilístico de registros
para identificação de óbitos em estudos de sobrevida. Cad Saude Publica 22: 2249–2252. Available:
doi: http://dx.doi.org/10.1590/S0102-311X2006001000031 Accessed 21 October 2014. PMID:
16951897

Sensitivity Dengue Surveillance System

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004705 May 18, 2016 12 / 12

http://dx.doi.org/10.1093/eurpub/ckn023
http://www.ncbi.nlm.nih.gov/pubmed/18424469
http://dx.doi.org/10.1590/0102-311X00024813
http://dx.doi.org/10.1590/0102-311X00024813
http://www.ncbi.nlm.nih.gov/pubmed/24627058
http://dx.doi.org/10.1186/1471-2334-12-178
http://dx.doi.org/10.1186/1471-2334-12-178
http://www.ncbi.nlm.nih.gov/pubmed/22866925
http://dx.doi.org/10.1017/s0950268811001191
http://www.ncbi.nlm.nih.gov/pubmed/21733251
http://dx.doi.org/10.1371/journal.pntd.0000996
http://www.ncbi.nlm.nih.gov/pubmed/21468308
http://dx.doi.org/10.1590/S0034-89102006000100021
http://dx.doi.org/10.1590/S0034-89102006000100021
http://www.ncbi.nlm.nih.gov/pubmed/16410994
http://dx.doi.org/10.1371/journal.pntd.0000633
http://www.ncbi.nlm.nih.gov/pubmed/20300515
http://dx.doi.org/10.1590/S0102-311X2006001000031
http://www.ncbi.nlm.nih.gov/pubmed/16951897


www.manaraa.com

Reproduced with permission of the copyright owner. Further reproduction prohibited without
permission.


