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Objectives: Dengue infection is a growing public health problem, with the number of reported cases 

increasing in the Americas and worldwide. This review characterized the epidemiological and economic 

burden of dengue in Brazil. 

Methods: Embase, MEDLINE, evidence-based review databases, and gray literature sources were searched 

for published literature and surveillance reports on epidemiology (between 20 0 0 and 2019) and costs 

(between 2009 and 2019) of dengue in Brazil. Studies were included if they reported data on incidence, 

seroprevalence, serotype distribution, expansion factors, hospitalization, mortality, or costs. Data were 

summarized descriptively and reported following the Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses guidelines. 

Results: A total of 344 publications were included (167 peer-reviewed and 177 gray literature). Dengue 

outbreaks increased in incidence and frequency, with the highest incidence observed in 2015 at 807 cases 

per 10 0,0 0 0 population. Outbreaks were related to alternating predominant serotypes. Dengue was more 

frequent in young adults (aged 20-39 years) and in the Midwest. Cost and societal impacts are substantial 

and varied across regions, age, and public/private delivery of healthcare services. 

Conclusion: The burden of dengue in Brazil is increasing and likely underestimated. Therefore, developing 

and implementing new strategies, including vaccination, is essential to reduce the disease burden. 

© 2022 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Dengue, a mosquito-borne infection, is a rapidly growing pub- 

ic health problem, and Brazil represents one of the countries 

ith the highest burdens, with over 1.5 million cases reported 

n 2019 ( DATASUS, 2019 ). Dengue was estimated to have caused 

ver 92,0 0 0 disability-adjusted life years (DALYs) in Brazil in 2016, 

ielding a rate of 44.87 DALYs per 10 0,0 0 0 population (age- 

tandardized). This represents a 4015-fold increase from the bur- 

en estimated in 1990, placing dengue as the neglected tropical 

isease for which burden increased the most in recent decades in 

razil ( Martins-Melo et al. , 2018 ). 
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Dengue can present with common symptoms, including fever, 

uscle and joint pain, headache, and rash ( Castro et al. , 2017 ;

uzman and Harris, 2015 ). As these symptoms are nonspecific, 

hey may resemble other infections, including SARS-CoV-2, chikun- 

unya, and Zika. Thus, accurate clinical diagnosis of dengue is 

hallenging, which can result in misdiagnosis and under-reporting 

f the disease ( Muller et al. , 2017 ). Furthermore, due to a high

revalence of asymptomatic infection, self-management of symp- 

oms and under-reporting of hospitalized cases, the true burden of 

engue is likely underestimated ( Martelli et al. , 2015 ; WHO, 2021 ).

engue epidemics in Brazil have shown a cyclical pattern, with 

hifting of the predominant serotypes. Intense epidemic peaks are 

nterspersed with interepidemic periods of 3-4 years, which have 

ecreased in length in recent years ( Andrioli et al. , 2020 ). 

Cases of dengue are mandatorily notifiable in Brazil through 

INAN (Sistema de Informacao de Agravos de Notificacao), the 
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ational surveillance information system. Until 2014, cases were 

lassified into classic dengue, dengue with complications, dengue 

emorrhagic fever, or dengue shock syndrome. In 2014, Brazil 

dapted the 2009 World Health Organization (WHO) dengue case 

lassification ( Nunes et al. , 2019 ; WHO, 2009 ). 

Dengue is associated with a substantial economic burden ( Selck 

t al. , 2014 ; Shepard et al. , 2016 ). Previous reviews show that al-

hough data lack standardization, financial impact is particularly 

elevant in Latin America and Brazil ( Laserna et al. , 2018 ; Stahl

t al. , 2013 ). During the dengue epidemic season of 2012-2013, the 

stimated societal cost of dengue in Brazil was $1212 million US 

ollars (USD) (when adjusted for under-reporting) ( Martelli et al. , 

015 ). 

To better characterize the trends and burden of dengue in 

razil, a systematic literature review for the period 20 0 0-2019 

epidemiology) and 2009-2019 (costs) was conducted. 

ethods 

The review was conducted according to the Cochrane Handbook 

or Systematic Reviews and the Preferred Reporting Items for Sys- 

ematic Reviews and Meta-Analyses guidelines ( Deeks et al ., 2011 , 

oher et al. , 2009 ) 

nformation sources and search strategy 

Embase, MEDLINE®, and the evidence-based medicine review 

atabases were searched on 6 November 2019. Separate searches 

ere conducted for epidemiologic and cost data in the OVID®

earch engine. The searches were limited to studies published in 

nglish or Portuguese since January 1, 20 0 0 for epidemiology and 

anuary 1, 2009 for cost. Search criteria are listed in Supplemen- 

ary Table 1. Regional scientific databases, such as Latin American 

nd Caribbean Health Sciences Literature and Scientific Electronic 

ibrary Online, were also searched. Reference lists, gray literature 

ources, and major academic websites were searched for additional 

iterature (Supplementary Table 2). 

ligibility criteria and study selection 

Studies were included in the review if they reported incidence, 

eroprevalence, serotype distribution, expansion factor (EF), hospi- 

alization, mortality, or direct and indirect costs of dengue in Brazil 

Supplementary Table 3). The publication with the most recent or 

omplete dataset was included for studies with multiple publica- 

ions. 

The study selection process involved two stages: (i) ti- 

les/abstracts were screened and (ii) full texts were screened. Two 

eviewers independently screened the studies at both stages, and 

 third reviewer resolved discrepancies. Duplicates and articles not 

atisfying the inclusion criteria were excluded after a review of the 

tudies. 

ata extraction and synthesis of results 

Key data from each included study were collated into a data 

xtraction form. Data were extracted by one reviewer and double- 

hecked by a second reviewer. A third reviewer resolved discrep- 

ncies. Overall, data from surveillance sources were prioritized 

nd complemented by peer-reviewed studies where needed. Meta- 

nalyses were not planned in the original protocol. EFs were de- 

ned as the multiplication or adjustment factors used to correct 

nder-reporting of dengue cases ( Toan et al. , 2015 ; Undurraga et al. ,

013 ). Costs were converted to 2019 USD using the Brazilian con- 

umer price index ( IBGE, 2021 ). 
522 
isk of bias and quality assessment 

Two independent reviewers assessed study risk of bias and 

uality using the National Institutes of Health (NIH)’s tool for epi- 

emiological studies and the National Health Service Wales’ tool 

or cost studies ( National Institutes of Health, 2019 ). Quality as- 

essment was not performed for gray literature studies or reports 

hat were not peer-reviewed. 

esults 

A total of 3585 records were identified; 3425 were from the 

pidemiology search and 160 from the cost search. After applying 

imits and deduplication and conducting title and abstract screen- 

ng on 2858 records, a total of 263 publications were selected for 

ull-text screening. Of these, 164 were selected for data extrac- 

ion and inclusion in the review. Three additional publications cap- 

ured from the review of reference lists were included, resulting 

n 163 publications in epidemiology and four in costs. However, 

ight publications identified in the epidemiology search also con- 

ained cost data and one publication in the cost search contained 

pidemiology data, yielding a total of 12 publications for the cost 

nalysis and 164 publications for epidemiology analysis ( Figure 1 , 

upplementary Figures 4 and 5). Furthermore, 177 gray literature 

rticles were included in the review ( Figure 1 ). 

Consensus results of the risk of bias assessment for epidemiol- 

gy and cost studies are detailed in Supplementary Tables 24 and 

5. 

ational and regional epidemiology 

National incidence data in Brazil are collated by the Min- 

stry of Health (MoH) and reported to the WHO and the Pan 

merican Health Organization (PAHO) Health Information Platform 

or the Americas Database (PLISA) (Supplementary Tables 6.1 and 

.2). Dengue incidence in Brazil was high during the study pe- 

iod ( DATASUS, 2019 , PAHO). Major epidemics with over 1,0 0 0,0 0 0

ases were registered in 2013, 2015, 2016, and 2019. Since 20 0 0, 

he highest incidence was recorded in 2015 with 806.5 cases per 

0 0,0 0 0 population, followed by 2019 with 735.2 cases per 10 0,0 0 0

opulation ( Figure 2 ). A total of 10 publications generally agreed, 

ith an increasing incidence trend throughout the study period 

Supplementary Table 7). However, the studies varied in method- 

logy and the magnitude of the incidence values. One study from 

he Global Burden of Disease reported a 184.3% increase in inci- 

ence from 446.6 per 10 0,0 0 0 population in 20 0 0 to 1269.1 per

0 0,0 0 0 population in 2015. However, this study was is based on 

odelling ( Araújo et al. , 2017 ). 

Regional incidence of dengue was mostly retrieved from the 

ATASUS website and the MoH bulletins. The number of probable 

ases was reported since 2007, but incidence rates were only avail- 

ble from 2013 onwards ( Brazil MoH, 2012–2019 , DATASUS, 2019 ). 

he Southeast had the highest number of reported cases from 

007-2019. Values for this region were more than double those in 

he second most affected region (Midwest or Northeast) in 2010, 

013, 2015, 2016, and 2019 and reached over 1 million cases in 

015 and 2019. Notwithstanding, the highest incidence rates re- 

orted by the MoH between 2013 and 2019 were consistently ob- 

erved in the Midwest region, ranging between 490.9 (2017) to 

744.2 (2013) cases per 10 0,0 0 0 population. The lowest rates were 

eported in the South region, with values between 8.5 (2017) and 

38.1 (2016) cases per 10 0,0 0 0 population ( Figure 2 , Supplemen-

ary Table 8). 

Most publications identified in the review (n = 71, Supplemen- 

ary Table 9) reported local incidence by city or Federal District 

nd two key publications reported regional incidence. Böhm et al 
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Figure 1. PRISMA flowchart for epidemiology and cost studies. D: duplicate; O: outcome; P: population; S: study design a One full text was not available (Santos et al. , 2003) 
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eported high incidence rates for the Midwest in the periods 2005- 

0 07, 20 09-2010, and 2012 ( Böhm et al. , 2016 ). Burattini et al re-

orted that the total number of cases between 20 0 0 and 2014 

as highest in the Southeast region (2,239,451 cases), followed 

y the Northeast (999,774 cases), Midwest (547,436 cases), North 

446,450 cases), and finally, South (90,775 cases) ( Burattini et al. , 

016 ). These publications are consistent with the data reported by 

ATASUS and the MoH. 

easonality 

A total of 38 publications were reported on dengue seasonality 

Supplementary Table 10). Overall, dengue incidence was highest 

uring the rainy season, from October to May. However, the peak 

ncidence months varied across studies, possibly due to regional 

limatic and environmental differences. An ecologic study in the 

ortheast (2003-2010) reported highest incidence between April 

nd September, and the peak month varying from year to year 

 Silva et al. , 2016 ). In the North, the monthly average incidence

f dengue between 2001 and 2012 was highest from December to 

arch, with the peak incidence in February ( Duarte et al. , 2019 ).

imilarly, a cohort study in the Northeast (2007-2013) reported an 
523 
ncrease in dengue cases between January and May ( Costa and Cal- 

do, 2016 ). A retrospective study in the Southeast (2008-2015) re- 

orted March-May as the period of highest incidence. However, in 

015, dengue cases increased in January ( Ferreira et al. , 2018 ). The

uthors concluded that the seasonal trend in incidence was due to 

ncreased rainfall, which led to high mosquito levels ( Ferreira et al. , 

018 ). In most publications, increased rainfall and higher temper- 

ture were associated with an upsurge in dengue intensity. How- 

ver, some level of dengue transmission continues throughout the 

ear. 

ge distribution 

The number of dengue cases stratified by age was reported 

n the period 2007-2013 (DATASUS). Between 2007 and 2013, the 

ost probable dengue cases were identified in the 20-39 age 

roup, followed by the 40-59 age group (Supplementary Table 11). 

ix publications reported data stratified by age but only three of 

hese reported incidence rates (Supplementary Table 12). These 

tudies identified the age groups 20-39 and 21-35 as the groups 

ith highest number of cases and incidence ( Böhm et al. , 2016 ;

urattini et al. , 2016 ; Nascimento et al. , 2017 ). Böhm et al reported
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Figure 2. National incidence rates of dengue per 10 0,0 0 0 in Brazil, 20 0 0-2019. National data from 20 0 0-2018 were from PAHO/PLISA database. Since PAHO data for 2019 

were discrepant from the MoH bulletin, the latter was used for 2019 because MoH is the primary data source. Regional incidence data were retrieved for the period 2013- 

2019 from DATASUS. PAHO, Pan American Health Organization; PLISA, Platform for the Americas Database 
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early incidences by age from 2002-2012. The highest incidence 

f dengue during this period was reported among those aged 20- 

9 years (53.0 [2004] to 598.6 [2010] cases per 10 0,0 0 0 popula-

ion); although, the 10-19 age group had the highest incidence in 

008 (347.0 per 100,000) and in 2011 (418.1 per 100,000). The age 

roups with the lowest incidence were those aged < 5, 5-9, and 

 60 years ( Böhm et al. , 2016 ) (Supplementary Table 11). Burattini

t al reported overall number of cases by age in the period 20 0 0-

014. The highest number of cases were observed among those 

ged 21-35 years (1,270,950 cases) and the lowest number of cases 

ere among those aged 1-5 years (158,616 cases) ( Burattini et al. , 

016 ). 

A total of 38 studies reported regional incidence by age group. 

owever, the difference in age groups and stratification period 

akes data summarization challenging (Supplementary Table 13). 

ost studies reported highest incidences across ages 10-69 years. 

owever, a descriptive study on the basis of surveillance data 

2001-2012) from the Northeast showed an increase in incidence 

ver time among children aged < 9 years. Dengue incidence was 

ighest in this age group in 2008 (2,331.3 cases per 100,000 

opulation, rising from 406.9 per 10 0,0 0 0 population in 2001) 

 Oliveira et al. , 2018 ). This trend was supported by Barbosa et al

 Barbosa et al. , 2012 ), which showed an increase in the incidence

er 10 0,0 0 0 population, from 166.5 in 20 0 0 to 1530.5 in 2008 in

he 0-4 age group and from 264.77 in 20 0 0 to 1580.8 in 2008 in

he 5-14 age group. 

ospitalizations and deaths 

The overall nationwide number of hospitalizations for dengue 

as obtained from the Brazilian Hospitalization Information Sys- 

em (SIH-SUS). In the period 2008-2019, the highest number of 

ospitalizations was registered in 2010 (95,008), followed by 2008, 

011 and 2015 ( > 70,0 0 0). The lowest number was reported in 2018

17,858) ( Figure 3 ) ( DATASUS, 2019 ). Hospitalization rates from the 

dentified studies ranged from < 1-25.52%, with the latter associ- 

ted with DENV2 serotype (Supplementary Table 14). Burattini et 

l reported the number and hospitalization rates of dengue by age 

roup from 20 0 0-2014. In this period, the number of hospitaliza- 
524 
ions was highest in age groups 21-35 (25,142) and 11-20 (23,897) 

nd lowest in age groups 1-5 (7,485) and > 65 (7,782). However, 

he percentage of hospitalizations among dengue cases was highest 

n the 6-10 age group (17.47%). From a regional perspective (Sup- 

lementary Table 15), the Southeast region registered the highest 

umber of hospitalizations (55,275) but had the lowest hospitaliza- 

ion rate (4.91%). The highest hospitalization rates were observed 

n the Northeast (13.47%, 30,0 0 0 hospitalizations), followed by the 

outh (9.7%, 2,483 hospitalizations) and North (9.2%, 10,506 hos- 

italizations) ( Burattini et al. , 2016 ). It should be noted that this 

tudy used data from SINAN, which was previously shown to un- 

erreport dengue hospitalizations ( Coelho et al. , 2016 ). 

The national case fatality rates (CFRs) and deaths due to dengue 

or the period 20 0 0-2019 were retrieved from the PAHO database 

 PAHO, 2020 ). The CFR was highest in 2014 (0.069%) and in 2010

0.0 6 6%), but the highest numbers of deaths due to dengue were 

egistered in 2015 (863) and in 2019 (789) ( Figure 3 ). Seven publi-

ations reporting nationwide data (Supplementary Table 16) found 

hat the CFR for DF ranged from 0.01-5.8%. However, the highest 

alue was registered for people with comorbid renal failure. 

According to the 2019 MoH bulletin (up to epidemiologic week 

7), the highest CFR for dengue by age group was registered in the 

roup aged > 80 years (0.92%), followed by the 60-79 years (0.16%) 

Brazil MoH, 2012-2019). The age group with the lowest CFR was 

he group aged 1-4 years (0.01%) (Supplementary Table 17). In the 

ame bulletin, the regional CFRs of probable dengue cases were 

.04% in the North and Northeast, 0.05% in the Southeast, 0.06% 

n the South, and 0.07% in the Midwest. No publications reported 

egional CFR; although, 21 studies identified CFR within specific 

ities or federal districts (Supplementary Table 18). 

eroprevalence 

Seroprevalence was not reported at a national level. From 20 

ublications reporting data at a regional level, seroprevalence var- 

ed depending on age, sex, region, and testing method (Sup- 

lementary Table 19). Overall, seroprevalence increased with age 

 Chiaravalloti-Neto et al. , 2019 ; Sacramento et al. , 2018 ). High rates

ere observed in those aged 5-14 years (69.9-84%) in three set- 
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Figure 3. Dengue severity in Brazil. Top: Dengue-related hospitalizations, 2008-2019. Source SIH-SUS. Bottom: Deaths due to dengue and case-fatality rate in Brazil, 20 0 0- 

2019. Source: PAHO/PLISA database. PAHO, Pan American Health Organization; PLISA, Platform for the Americas Database 
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ings in Northeast Brazil (20 05-20 06) but still lower than those 

ged ≥15 years (77.7-96.8%) ( Braga et al. , 2010 ). 

erotype distribution 

According to data from the PAHO database, DENV1-3 have co- 

irculated in Brazil between 20 0 0 and 2009 and all serotypes have 

een cocirculated in Brazil since 2010 ( PAHO, 2020 ). The Brazil- 

an MoH reported serotype distribution in weekly bulletins. How- 

ver, the reports are inconsistent throughout time and challenging 

o interpret because yearly distributions do not add up to 100%. 

onetheless, the data suggest an overall predominance of DENV4 

n 2012, DENV1 from 2014-2016, and DENV2 in 2018 but with 

egional variation (Supplementary Table 20) ( Brazil MoH, 2012–

019 ). 

A total of 56 publications reported serotype distributions within 

ifferent regions and states of Brazil and are generally consistent 

ith MoH reports (Supplementary Table 21). Three key studies re- 

ort results from > 10 0,0 0 0 notified dengue cases; although, not 

ll cases were serotyped. In the Northeast, one study showed that 

ENV1 predominated and cocirculated with DENV2 between 1995 

nd 2001, with DENV3 becoming predominant between 2002 and 

006 ( Cordeiro et al. , 2007 ). Another study showed that the pre-

ominant serotypes were DENV1 in 2001, DENV3 in 2003 and 

007, and DENV2 in 2008 ( Barbosa et al. , 2012 ). A study in

he Southeast reported DENV1 (52.2%) and DENV4 (47.8%) as the 
525 
ost frequent serotypes between November 2012 and July 2013 

 Amâncio et al. , 2014 ). 

xpansion factors 

Five studies reported EFs to account for dengue under-reporting 

n Brazil (Supplementary Table 22). Two of these studies, on the 

asis of the same data, reported higher EF for ambulatory (EF 3.2) 

han for hospitalized cases (EF 1.6) ( Boiron et al. , 2018 ; Martelli

t al. , 2015 ). On the basis of these EFs, an estimated 18.2 million

mbulatory cases and 366,934 hospital cases were likely underre- 

orted from 2008-2017 ( Boiron et al. , 2018 ). Duarte et al estimated 

hat 37% of suspected dengue cases identified in the SIH-SUS (from 

996-2002, Southeast) were not reported to SINAN ( Duarte and 

rança, 2006 ). Similarly, Coelho et al reported a 33% increase in 

he number of hospitalizations recorded in SIH-SUS (48,174 cases) 

ompared with SINAN (36,145 cases) between 2008 and 2013 in 10 

unicipalities in Brazil. Notwithstanding, the hospitalizations reg- 

stered in SINAN are underreported because the database is lim- 

ted to cases from public health systems only ( Coelho et al. , 2016 ).

oudeville et al compared the incidence data from a dengue vac- 

ine phase III trial with a national surveillance system and re- 

orted an EF of 1.8 ( Coudeville et al. , 2016 ). In comparison, Sarti

t al reported higher EFs at the national (26.7), state (16.9), and 

ocal (19.4) levels. However, the authors analyzed limited study lo- 

ations and age ranges (9-19 years) ( Sarti et al. , 2016 ). 
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engue costs: direct medical and nonmedical 

A total of 12 publications reported the costs of dengue in Brazil 

etween 2005 and 2017. All costs were adjusted to 2019 USD, ex- 

ept for three studies because they did not report the year’s valu- 

tion. 

From a societal perspective, the estimated costs of dengue, in- 

luding ambulatory, hospital, and fatal cases, varied from $516.79 

illion (2009) to $1688.3 million (2013) USD after adjusting for 

nder-reporting ( Martelli et al. , 2015 ). Other studies reported 2010 

s the year of higher total cost of dengue hospitalizations or di- 

ect medical costs ( Amaral et al. , 2014 ; Camasmie Abe and Mi-

aglia, 2018 ; Godói et al. , 2018 ). Shepard et al reported an over-

ll annual aggregated cost of $1014.3 million USD, with more than 

alf of the cost related to ambulatory cases ($678.56 million USD) 

nd indirect costs ($859.77 million USD) ( Shepard et al. , 2016 ). 

Overall, hospitalized cases had higher total costs per case (mean 

standard deviation: $3416.27 ± 2,188.35 USD) than ambulatory 

ases ($1472.24 ± 1,695.50 USD). When stratified, all cost cate- 

ories were also higher for hospitalized than for ambulatory cases: 

irect medical ($1465.92 ± 775.08 vs $187.45 ± 128.48 USD), di- 

ect nonmedical ($183.24 ± 136.90 vs $67.40 ± 82.14 USD) and 

ndirect ($1769.21 ± 2,036.70 vs $1213.18 ± 1663.90 USD) ( Suaya 

t al. , 2009 ). This was supported by Shepard et al, who reported an

verall average cost per case of $531.63 USD ( Shepard et al. , 2016 ).

The total direct medical cost per case was generally higher in 

rivate than in the public healthcare sector ($1671.16 ± 3,786.79 

s. $713.93 ± 1,590.22 USD, respectively) and among those aged 

 60 years ($1882.49 ± 4,431.11 USD) than those aged < 15 years 

$1011.69 ± 748.40 USD). However, in the public sector, the cost 

as highest among aged < 15 years ($1189.05 ± 2492.67 USD) and 

owest among those aged 15-60 years ($452.80 ± 890.45 USD) 

 Vieira Machado et al. , 2014 ). Additionally, the average cost of 

engue deaths in children ($449,924.12 USD) was higher than in 

dults ($293,913.28 USD) ( Shepard et al. , 2016 ). 

Over a 16-year period (20 0 0-2015), costs for dengue treatment 

ere highest in the Southeast (21% of the total national costs, 

34.16 million USD) and Northeast regions (48% of the total na- 

ional costs, $81.12 million USD) ( Godói et al. , 2018 ). The higher

ates/number of cases and hospitalizations in the regions may be 

artly responsible ( Godói et al. , 2018 ). The total cost per case also

aried by region, public versus private sector, and healthcare set- 

ing ( Martelli et al. , 2015 ). 

ocietal impact 

Six studies reported on the societal impact of dengue between 

010 and 2017, but data were limited (Supplementary Table 23). 

ost studies reported the number of hospital days as the proxy for 

ocietal impact because they imply school/work absenteeism. Over- 

ll, patients showing dengue with warning signs, severe dengue, 

r requiring a platelet transfusion had the highest number of hos- 

ital days ( Machado et al. , 2019 ; Vieira Machado et al. , 2014 ). As

xpected, hospitalized patients also had a higher number of work- 

ays lost (10.7 ± 5.2 vs 7.1 ± 5.1) or school days (6.8 ± 5.4 vs 5.2 

3.9), a higher number of days of illness (17.4 ± 8.4 vs 15.0 ±
,.4), and higher number of ambulatory visits (4.0 ± 2.7 vs 3.6 ±
.7) than a patient who was not hospitalized. 

For patients of economically active age, the average number of 

ospital days was estimated at 3.89 days per patient ( Pereira et al. ,

014 ). However, in Vieira Machado et al , the longest hospital stay 

15 ± 2.8 days) was reported for laboratory-confirmed dengue in 

he public healthcare system for patients who did not meet the 

HO dengue platelet transfusion criteria ( Vieira Machado et al. , 

014 ). As expected, the average number of hospital days was lower 
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or classical dengue (3.2 days) than dengue hemorrhagic fever (5 

ays) ( Silva et al. , 2013 ). 

iscussion 

This review summarizes the trends and burden of dengue in 

razil in the past 10-20 years. Information retrieved from surveil- 

ance data and publications shows that the burden of dengue 

as been increasing in recent years, with incidence reaching over 

00 cases per 100,000 population in 2010, 2013, 2015, and 2019 

 DATASUS, 2019 ; PAHO, 2020 ). Except for 2015, these peak years 

oincided with outbreak years in neighboring countries, such as 

olombia ( Gutierrez-Barbosa et al. , 2020 ). 

Although the highest number of cases were reported in more 

opulous regions (Southeast), the highest incidence rates in the 

ast decade were consistently recorded in the Midwest ( Andrioli 

t al. , 2020 , Brazil MoH, 2012–2019 , DATASUS, 2019 ). Evident in

his review and corroborated by previous analyses, dengue in- 

idence and hospitalizations are underreported in surveillance 

atabases due to the high rate of asymptomatic infections, self- 

anagement of symptoms, or misdiagnosis of cases. In addition, 

ublic databases fail to report episodes from private health insti- 

utions ( Bhatt et al. , 2013 ; Boiron et al. , 2018 ; Coelho et al. , 2016 ;

ndurraga et al. , 2013 ; WHO, 2021 ; Wichmann et al. , 2011 ). For

ublic health officials to understand the disease burden and appro- 

riately assess the cost-benefit of interventions, accurate reporting 

f dengue is essential ( Undurraga et al. , 2013 ). 

Dengue cases were primarily concentrated in the rainy season, 

ith varied peak incidence months each year ( Silva et al. , 2016 ).

he seasonal surges could overwhelm healthcare systems and neg- 

tively impact the management and outcomes of other diseases 

uring crucial periods ( Clark et al. , 2005 ; García et al. , 2011 ). This

ould be further exacerbated when seasonal peak of dengue co- 

ncides with other diseases, as observed in 2020 with COVID-19 

 Lorenz et al. , 2020 ). Brazil is one of the countries most affected

y the COVID-19 pandemic, with about 21 million cases reported 

y September 7, 2021 ( Pan American Health Organization 2021 ). 

ecause the occurrence of COVID-19 overlapped with a higher in- 

idence of dengue in Brazil in 2020, the burden of dengue on the 

ational healthcare system is expected to increase as the infection 

urve of COVID-19 grows and dengue serotypes are reintroduced 

 Nacher et al. , 2020 ; Rabiu et al. , 2021 ). Furthermore, cocircula-

ion and coinfection of COVID-19 with dengue could affect disease 

anagement; the quality of patient care; and increase the risk of 

orbidity, mortality, and socioeconomic impacts ( Ridwan, 2020 ; 

sheten et al. , 2021 ). COVID-19 outbreaks coinciding with dengue 

utbreaks may profoundly impact Brazil’s already strained health- 

are system ( Nacher et al. , 2020 ; Rabiu et al. , 2021 ). These im-

acts may affect specific regions differently, as reported for Valle 

el Cauca in Colombia ( Cardona-Ospina et al. , 2021 ). Early-stage 

linical manifestations of dengue are similar to those of COVID-19 

nd other viral infections, complicating diagnosis and confounding 

urveillance. 

All four DENV serotypes fluctuated in frequency throughout the 

tudy period. DENV1 re-emerged in 2009 and became predomi- 

ant in 2010 in most states in the Midwest, Southeast, and South 

 Brazil MoH, 2010 ). DENV1 cocirculated with DENV4 between 2011 

nd 2013 ( Colombo et al. , 2016 ; Rocha et al. , 2017 ) and predom-

nated between 2014 and 2016, whereas in 2018, predominance 

hifted to DENV2 ( Brazil MoH, 2012–2019 ). Major dengue out- 

reaks appear to be related to shifting of predominant serotypes. 

he exchange in serotypes between regions of Brazil and other 

eighboring countries, such as Colombia or Panama, may play 

 role in the occurrence of local outbreaks ( Díaz et al. , 2019 ;

utierrez-Barbosa et al. , 2020 ). This highlights the need to monitor 
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erotype distributions at the regional and national levels because 

his may help predict the occurrence of an upcoming outbreak. 

Mortality due to dengue has also increased; tens of thousands 

f hospitalizations have been registered yearly since 2008, reflect- 

ng an increase in severity ( DATASUS, 2019 ; PAHO, 2020 ). This may

e partly due to the predominance of DENV2, which has been 

ssociated with the highest risk of mortality and hospitalization 

ue to dengue ( Vicente et al. , 2016 ). Furthermore, this serotype 

as identified as a cause of the high incidence and increased dis- 

ase severity observed in children in 2008 ( Barbosa et al. , 2012 ;

öhm et al. , 2016 ; Oliveira et al. , 2018 ). Though young adults (20-

9 years) have the highest incidences ( Böhm et al. , 2016 ; Burattini

t al. , 2016 ; DATASUS, 2019 ; Nascimento et al. , 2017 ), some studies

uggest that dengue incidence has increased in children ( Barbosa 

t al. , 2012 ; Oliveira et al. , 2018 ) and that severe dengue cases and

ospitalizations due to dengue were higher among children (6- 

0 years) ( Burattini et al. , 2016 ), suggesting that broad age groups

hould be targeted to reduce both disease burden and those at risk 

f more severe outcomes. 

Summarizing seroprevalence data was challenging due to the 

arying testing methods, regions, and populations analyzed. Over- 

ll, studies agreed that seroprevalence increases with age, with 

pecific adult populations of hyperendemic areas in the Northwest 

nd Southwest reaching > 85% seropositivity ( Braga et al. , 2010 ; 

hiaravalloti-Neto et al. , 2019 ). 

Dengue was shown to cause a significant and increasing eco- 

omic burden; although, its true burden is likely underestimated. 

ence, using EFs to adjust for under-reporting is necessary ( Coelho 

t al. , 2016 ; Martelli et al. , 2015 ; Sarti et al. , 2016 ). After adjusting

or under-reporting, total national costs of dengue were estimated 

o be over $2,586.42 million USD in 2013. Although the costs for 

reating a hospitalized case were higher, overall outpatient treat- 

ent and indirect costs contributed the largest portion of the cost 

 Martelli et al. , 2015 ; Shepard et al. , 2016 ), and it is expected to

ncrease after an increase in dengue cases and changing serotypes 

ikely to result in future outbreaks. 

This review has several important strengths, which lie in the 

ethodology and broad study period: 20 0 0-2019 for epidemiol- 

gy and 2009-2019 for cost/burden. To the best of our knowl- 

dge, this is the first systematic review analyzing dengue costs in 

razil. However, there are several limitations, some of which have 

een reported in an earlier analysis ( Teixeira et al. , 2013 ). Inci-

ence and hospitalization of dengue cases are underreported. Clas- 

ification and reporting of disease severity are inconsistent through 

he years; data quality is inconsistent across the country and age 

roup data for overall incidence has been limited since 2014. Na- 

ional seroprevalence data were rarely reported. This information 

s required to understand the overall exposure to dengue. Further- 

ore this review did not focus on the coevolution of dengue with 

ther arboviral diseases, such as chikungunya and Zika, which have 

een shown to influence dengue epidemiology ( Perez et al. , 2019 ). 

n the economic burden analysis, studies identified were hetero- 

eneous in definitions, source data, and methodology and did not 

llow comparison of the data across the studies. Costs associated 

ith long-term persistent effects of dengue were not identified, 

hich, if reported, could significantly increase the economic bur- 

en of dengue. In Mexico, these effects were estimated to increase 

he total economic burden of dengue by 13% ( Tiga et al. , 2016 ).

lthough this study did not capture the costs of vector control 

ethods, different studies have reported that these account for 40- 

2% of the overall economic burden and have questionable efficacy 

 Castañeda-Orjuela et al. , 2012 ; Castro et al. , 2017 ). On the other

and, a pilot vaccination program has uncovered potential chal- 

enges in achieving high vaccination coverage ( Preto et al. , 2021 ). 

s such, the success of dengue vaccination depends on using dif- 

erent approaches. 
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onclusion 

Dengue incidence has been increasing in magnitude and fre- 

uency in recent years, causing a significant economic and societal 

urden in Brazil. However, due to under-reporting, the true bur- 

en of dengue may be substantially underestimated. It is, there- 

ore, crucial to implement public health interventions, such as vac- 

ination and improved vector control, that will prevent the multi- 

lication of dengue cases. 
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