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Abstract. Dengue virus (DENV) reemerged in the Americas in the 1980s and 1990s, whereas chikungunya virus
(CHIKV) emerged in 2014. Although CHIKV produced large epidemics from 2014 to 2017, dengue fever has been the
prominent arboviral disease identified through passive surveillance, bringing to question the degree to which cases are
misdiagnosed. To address this concern, we conducted an active household-based surveillance of arboviral-like illnesses
in six rural and remote communities in northern coastal Ecuador from May 2019 to February 2020. Although passive
surveillance conducted by the Ecuadorian Ministry of Health reported only DENV cases in the region, more than 70% of
the arbovirus-like illnesses detected by active surveillance in our study were positive for CHIKV. These findings underline
the need for active surveillance of arboviral infections with laboratory confirmation, especially in rural communities where
arboviral illnesses are more likely to be underreported.

INTRODUCTION

Dengue virus (DENV), genus Flavivirus, family Flaviviridae,
and chikungunya virus (CHIKV), genus Alphavirus, family
Togaviridae, share many traits. Both viruses are transmitted
to humans by Aedes aegypti and Aedes albopictus mosqui-
toes. Both have single-stranded positive RNA genomes.
DENV has four distinct serotypes (DENV1–4), whereas CHIKV
has one serotype with three genotypes known as West African,
East/Central/South African (ECSA), and Asian.1,2

Dengue fever (DF) and chikungunya fever (CHIKF) share
similar symptoms, including fever, myalgia, arthralgia, and
rash. Most DF cases are self-limited but can progress to
dengue with warning signs or severe disease, characterized
by vascular leakage leading to shock, fluid accumulation,
severe bleeding, and organ involvement.3,4 Likewise, most
CHIKF cases are self-limited.5 In rare cases, musculoskeletal
symptoms can cause a chronic polyarthritis, which may lead
to severe polyarthralgia/polyarthritis.5,6 Differential diagnosis
of DF and CHIKF, therefore, has been historically difficult.
Given that there is less clinical awareness of CHIKF, and
passive surveillance relies on symptoms due to the limited
capacity for laboratory testing, underreporting CHIKF by
passive surveillance is likely higher than for DF.7

Both DF and CHIKF are ancient diseases that have ree-
merged multiple times throughout history.8 DF case counts
and geographic spread have increased 8-fold over the past
2 decades,3 whereas CHIKV’s global reach has increased
since the early 2000s. An estimated 105 million dengue
infections and 51 million dengue fever cases per year have
been recorded in 128 countries,9 whereas an estimated
10 million Chikungunya cases were reported worldwide from
2005 to 2017.10

In the Americas, DF was introduced in the early 1980s,
with a total of 2,733,635 cases of dengue reported in 201911;
whereas CHIKF was introduced in the Americas in 2013, with
more than 2.1 million cases reported.12 In Ecuador, dengue

virus type I (DENV-1) emerged in 1988, followed by DENV-2
in 1990, DENV-4 in 1993, and DENV-3 10 years later. The
four serotypes are now endemic, producing yearly out-
breaks.13 The first CHIKF case was detected in Ecuador in
2014. By 2015, 33,619 cases were reported,14 and by 2019
CHIKF had subsided with only 2 cases reported nation-
wide.15 An entomological study suggested the circulation of
CHIKV Asian lineage in Ecuador.16

The northwest Pacific Coast of Ecuador (Esmeraldas prov-
ince) is one of the poorest regions in the country. In the
1980s, rapid deforestation, accompanied by the construction
of a highway connecting previously remote communities to
the coast and the Andes in the early 2000s, resulted in rapid
socioecological change in the area.17 After this transition, the
province underwent an etiologic transition in febrile diseases
frommalaria to arboviral infections in the 1990s, with periodic
dengue outbreaks that were largely underreported.18 CHIKV
was first reported in Esmeraldas in 2014. From 2014 to 2018,
the Ecuadorian Ministry of Health (MOH) reported 10,791
CHIKF cases and 2,913 dengue cases. In 2019, the MOH
reported 1,750 dengue cases and no chikungunya cases.15

Suspected arbovirus cases require mandatory notification
to the Ecuadorian MOH, the national surveillance system of
which includes passive surveillance of cases from state-run
clinics and hospitals. Only a subset of suspected cases is
confirmed for DENV infection using IgM antibody-capture
enzyme-linked immunosorbent assay (MAC-ELISA) or NS1
antigen ELISAs in health posts or and hospital diagnostic
laboratories; a smaller subset of cases is sent to the national
reference laboratory (the National Institute for Public Health
Research) to be confirmed by reverse transcription polymer-
ase chain reaction (RT-PCR) for etiology. In the case of
malaria, the MOH performs microscopy for diagnosis.
Only a fraction of DENV cases is tested by the national sys-

tem, and thus many cases are misclassified or misdiagnosed.
Thus, it is necessary to integrate strategies involving surveil-
lance and differential diagnosis supported by serological and
virological laboratory testing of arboviral diseases at national,
regional, and local levels. Here we use confirmation by
real-time RT-PCR to describe a CHIKV outbreak in 2019. This
outbreak was identified through an active household-based
surveillance study of arbovirus-like illness in a semiurban town
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(Borb�on) and five rural and remote communities in northern
coastal Ecuador.

MATERIALS AND METHODS

Study site. Located in the northwestern coastal Ecuador-
ian province of Esmeraldas, in Eloy Alfaro County, our study
communities—Borb�on, Col�on Eloy, Maldonado, Santa Mar�ıa,
Santo Domingo, and Timbir�e—lie along three rivers that flow
toward the Pacific Ocean (Figure 1). The communities were
selected to represent different levels of remoteness as defined
by our previously published remoteness metric,17 which we
have been shown to be associated with regional-scale patterns
of human movement,19 community cohesion, and different anti-
microbial resistance and enteric infection risk.17,20 The popula-
tion in our study site primarily self-identifies as Afro-Ecuadorian,
Indigenous Chachi, and mestizo; the majority group is Afro-
Ecuadorian.21

Study design and population. We developed an active
household-based surveillance system for arboviral-like illness
within our six study communities. This surveillance includes an
annual census of each study community to generate a record
of the age, sex, occupation, and other key demographic and
socioeconomic characteristics of individuals living in each
household. Cases were identified through weekly household
visits during the rainy season (June–October) when there is a
higher risk for dengue virus transmission. During the low-risk
dry season (November–December), household visits decreased
to every 2 weeks. A trained study team of community residents,
called brigadistas, began household-based fever surveillance in
May 2019. For this analysis, we include household surveillance
data collected from May 2019 until the end of February 2020,
at which time household visits were shifted to phone-based
surveillance due to the COVID-19 pandemic and movement
restrictions.
The brigadistas visit involved a symptom survey adminis-

trated to the household key informant, asking whether there
were any cases of fever, red eyes, or rash in the home.

When a positive case was identified, the brigadista notified a
study nurse who visited the household within 24 hours to
complete a follow-up survey with the symptomatic partici-
pant to determine whether the participant’s symptoms were
consistent with an arbovirus-like illness. Participants were
excluded from further follow-up if the nurse considered their
symptoms to be associated with an upper respiratory or
gastrointestinal infection (on the basis of the presence of
diarrhea, bloody stool, cough, or nasal congestion and con-
firmed by the nurse’s clinical judgment). For those with an
arbovirus-like illness, a serum sample was collected, and an
aliquot was used for onsite testing with Dengue DUO NS1
IgG/IgM rapid test (Standard Diagnostic Inc., Suwon, Korea;
data not shown). Another aliquot was frozen in liquid nitro-
gen and transported for further testing at the Institute of
Microbiology at Universidad San Francisco de Quito (USFQ).
The study was approved by the Bioethics committee of

the Universidad San Francisco de Quito, the University of
Michigan, and the Ecuadorian Ministry of Health, Ecuador.
RNA extraction, PCR detection, and metagenomic

analysis. Viral RNA was extracted from a total of 182 febrile
serum samples using the Qiagen viral RNA mini kit according
to the manufacturer’s instructions (Qiagen, Hilden, Germany)
and was tested using a triplex real time RT-PCR Zika-Dengue-
Chikungunya (ZDC) assay to confirm infection and etiology.22

Samples positive for dengue were next analyzed for their sero-
type using a conventional multiplex RT-PCR following the Har-
ris et al. (1998) protocol.23 Primers are shown in Supplemental
Table 1. An additional screening for Oropouche,24 Mayaro,25

and Leptospira spp.26 was conducted for samples that were
negative for dengue, Zika, and chikungunya. Primers and
probes for each pathogen are shown in Supplemental Table 1.
PCR detection for CHIKV. A conventional RT-PCR protocol

for Chikungunya confirmation was developed by our team for a
subset of positive samples, primers are shown in Supplemental
Table 1, using the kit Superscript III one step RT-PCR system.
The reaction mix contained: 12.5 mL 23 reaction mix, 1-mL
primers CHIKV F 10011, CHIKV R 10396 at a concentration of

FIGURE 1. Map of the study area. The towns of Borb�on, Maldonado, Colon Eloy, Timbire, Santa Maria, and Santo Domingo are located approxi-
mately 100 kilometers north of the provincial capital of Esmeraldas.
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10 mM, 80 U SuperScript III Taq Platinum mix (Invitrogen, Wal-
tham, MA), and 5 mL of Rnase-free water. The amplification
protocol was used as follows: 50�C for 30 minutes, 95�C for
15 minutes, 40 cycles of 94�C for 1 minute, 52�C for 1 minute,
72�C for 1 minute, and a final extension of 72�C for 10 minutes.
For additional confirmation, the amplicons were sent for se-
quencing by Sanger.
We conducted a metagenomic analysis for two randomly

selected febrile samples that were negative for DENV, CHIKV,
and ZIKV using the cDNA preparation protocol from Public
Health England Genomics laboratory (RNA viral metagenom-
ics MINION one-pot)27 and the Oxford Nanopore Technolo-
gies Ligation kit protocol (SQK-LSK109; Oxford Nanopore
Technologies, Oxford, United Kingdom) and Native barcoding
kit (NB-114) following manufacturer’s instructions for library
preparation. This library was sequenced using MinKNOW ver-
sion 4.05 for 24 hours. Base calling was performed using
Guppy v. 3.4.5. Porechop v. 0.2.4 was performed for demulti-
plexing and to remove adapters and barcodes. The taxonomic
profile of the sequences of each sample was classified with the
Kaiju web server platform.28 The database “NCBI Blast nr 1
euk” was selected (includes bacteria, archaea, fungi, viruses,
and eukaryotes), the running method used was the MEM algo-
rithm (maximum exact matches), and the rest of the parame-
ters were kept by default. For the analysis of the taxonomic
profiles, the number of assigned readings and the generated
Krona charts were considered.

DNA extraction and PCR detection for Plasmodium. DNA
was extracted from negative serum samples using the kit pure link
genomicDNA following themanufacturer’s instructions (Life Tech-
nologies, Carlsbad,CA). These sampleswere testedwith a nested
PCR for Plasmodium falciparum detection following the Snounou
(1996) protocol.29 Primers are shown in Supplemental Table 1.
Passive surveillance. The EcuadorianMOH reports dengue

casesusing a standardized case report form. TheMOHprovided
us with the case report on all dengue cases reported from Janu-
ary 2019 to the end of February 2020 including data on cases liv-
ing in the six communities in our study. For each case, theMOH
also reported demographic and symptomsdata.
Statistical analysis. Outcome variables. Active surveil-

lance samples were considered positive for DENV or CHIKV
if they were positive by qPCR. Our laboratory also uses other
diagnostic methods to define a dengue case DENV (e.g.,
NS1 and IgM); however, for this analysis, these results were
not included. Moreover, a coinfection was defined as two
pathogens detected with the triplex real time RT-PCR ZDC
in the same serum sample.
Comparing DF and CHIKF clinical symptoms. To analyze

differences in the prevalence of reported symptoms for CHIKF
versus DF, we performed two-sided t tests, excluding samples
coinfected with DENV and CHIKV. Differences at the P , 0.05
were considered statistically significant. We used radar plots to
visualize differences in symptom prevalence between dengue
with and without warning signs and between DENV and CHIKV

FIGURE 2. Prevalence of reported symptoms from DENV1 and CHIKV1 arbovirus cases. The prevalence of symptoms reported by participants
in active surveillance who were confirmed to have a dengue virus (DENV) infection, a chikungunya virus (CHIKV) infection, a coinfection, or neither
a DENV nor a CHIKV infection. *** Statistically significant difference in symptom prevalence between DENV and CHIKV cases.
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cases. We included those symptoms that were present in at
least 5% of the cases.
Risk factor analysis. To compare characteristics of individ-

uals with a symptomatic DENV or CHIKV infection to the
study population overall, we calculated the incidence of each
virus (symptomatic cases per 10,000 person-years). We then
developed bivariate and multivariate logistic models to test
the association between common arboviral risk factors and
symptomatic dengue and chikungunya. The risk factors we
considered were age, sex, ethnicity, community of residence,
occupation, and whether the individual had ever lived outside
of their current community.
Comparison of active and passive surveillance. On the basis

of reported symptoms, dengue cases from the MOH passive
surveillance were divided into dengue with and without

warning signs. We compared the number of episodes of den-
gue and chikungunya reported by passive and active surveil-
lance. We also compared the prevalence of symptoms reported
in our study active surveillance and the MOH passive surveil-
lance. For a subset of individuals whose case episode was cap-
tured by both active and passive surveillance, we compared
laboratory results between the two systems. All analyses were
conducted in R version 4.0.3 (R Foundation for Statistical Com-
puting, Vienna, Austria) or Stata version 16.1 (Stata Corp., LLC,
College Station, TX).

RESULTS

DENV and CHIKV cases were detected in all six rural
communities. From May 2019 to the end of February 2020,
the active surveillance study collected 182 serum samples

TABLE 1
Community of residence and occupation are associated with symptomatic chikungunya virus infection

Proportion of population Incidence per 10,000

OR

Bivariate Multivariate

Age (years)
0–18 46.1% 148.8 (108.4–205.6) Ref –

19–36 25.2% 214.3 (149.2–307.0) 1.43 (0.88–2.33)
(P 5 0.145)

–

371 28.7% 220.2 (157.7–306.9) 1.47 (0.93–2.35)
(P 5 0.102)

–

Sex –

Male 49.2% 139.6 (94.9–184.4) Ref –

Female 50.8% 230.3 (173.9–286.6) 1.65 (1.10–2.48)
(P 5 0.016)

1.63 (0.96–2.77)
(P 5 0.068)

Ethnicity –

Afro-Ecuadorian 72.8% 193.9 (155.1–242.3) Ref –

Mestizo/other 21.5% 121.1 (71.8–203.7) 0.62 (0.35–1.10)
(P 5 0.106)

–

Chachi 5.8% 302.9 (173.3–587.7) 1.65 (0.86–3.20)
(P 5 0.134)

–

Community
Borb�on 35.2% 115.9 (76.4–175.6) Ref Ref
Colon Eloy 15.6% 83.3 (39.8–173.9) 0.72 (0.31–1.68)

(P 5 0.447)
0.69 (0.29–1.62)

(P 5 0.393)
Timbire 11.6% 128.5 (64.4–255.2) 1.11 (0.49–2.49)

(P 5 0.803)
1.08 (0.48–2.43)

(P 5 0.957)
Maldonado 21.1% 211.1 (141.8–313.4) 1.82 (1.02–3.25)

(P 5 0.042)
1.78 (0.99–3.18)

(P 5 0.052)
Sto Domingo 7.1% 417.4 (257.0–672.2) 3.60 (1.89–6.85)

(P , 0.001)
3.59 (1.87–6.88)

(P , 0.001)
Sta Maria 9.5% 449.5 (300.2–668.9) 3.88 (2.16–6.96)

(P , 0.001)
3.73 (2.06–6.74)

(P , 0.001)
Ever lived outside community
No 43.8% 157.4 (114.2–216.6) Ref –

Yes 56.2% 207.9 (162.7–265.4) 1.32 (0.88–1.98)
(P 5 0.179)

–

Occupation
None 6.3% 29.6 (4.2–207.8) Ref Ref
Domestic 16.2% 344.5 (241.7–489.2) 11.63 (1.59–85.37)

(P 5 0.016)
8.75 (1.18–65.02)

(P 5 0.034)
Small child 34.3% 146.1 (100.3–212.3) 4.93 (0.67–36.33)

(P 5 0.117)
4.66 (0.63–34.33)

(P 5 0.131)
Student 11.8% 188.7 (107.4–329.9) 6.37 (0.83–49.05)

(P 5 0.075)
5.68 (0.74–43.72)

(P 5 0.094)
Teacher/works with children 2.7% 69.8 (9.8–481.1) 2.36 (0.15–37.69)

(P 5 0.545)
1.78 (0.11–28.58)

(P 5 0.683)
Manual labor 16.0% 209.3 (132.2–330.2) 7.07 (0.94–54.98)

(P 5 0.057)
8.00 (1.05–61.00)

(P 5 0.045)
Small business 6.8% 164.4 (74.0–361.8) 5.55 (0.67–46.14)

(P 5 0.983)
6.04 (0.72–50.41)

(P 5 0.097)
Government or healthcare 2.8% – – –

Other 3.3% 281.7 (117.6–661.8) 9.51 (1.11–81.48)
(P 5 0.040)

10.72 (1.25–92.16)
(P 5 0.031)

OR5 odds ratio; CI5 confidence interval; Ref5 reference.
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from 172 unique individuals with acute arbovirus-like illness;
10 individuals had two illness episodes (mean 5 129 days
apart; range 5 32–229 days). A distinct episode was consid-
ered when the individual presented fever separated by at
least 15 fever-free days. The blood draw was completed, on
average, 3 days after symptoms reportedly began (mean 5
3.2, SD5 2.2).
Laboratory testing was completed for 174 of 182 episodes.

More than 80% of these episodes were diagnosed with a
CHIKV, DENV, or CHIKV-DENV coinfection (145 of 174).
More than half of these 145 pathogen-positive episodes
(61%) were diagnosed with a CHIKV infection only (N 5 88),
30% with DENV infection only (N5 42), and 10% with a coin-
fection (N 5 15). The conventional RT-PCR for CHIKV per-
formed in 11 randomly selected positive samples and the

amplicon sequences, confirmed the presence of CHIKV
(Accession IDs: ON959484–ON959494). All DENV infections
were identified as the DENV-1 serotype.
Of the 29 samples that were negative for DENV and CHIKV,

10 samples (all from 2019) were screened for additional viral
pathogens by qPCR: these were found to be negative for ZIKV,
Oropouche, Mayaro, and Leptospira spp. Two of these nega-
tive samples were randomly selected and subjected to meta-
genomic analysis and showed Plasmodium spp nucleotide
sequences (Accession ID: SAMN27568483, SAMN27568586);
nested PCR confirmed the presence of Plasmodium falciparum
in these samples.
Symptom analysis. Cases positive for DENV reported

more severe illness than cases positive for CHIKV; symp-
toms that were more frequent in DENV than CHIKV included

TABLE 2
Community of residence is associated with symptomatic dengue virus infection

Proportion of population Incidence per 10,000

IRR

Bivariate Multivariate

Age, years
0–18 46.1% 108.9 (74.8–158.5) Ref –

19–36 25.2% 88.7 (50.4–155.6) 0.81 (0.41–1.61)
(P 5 0.552)

–

371 28.7% 103.6 (63.6–168.6) 0.95 (0.51–1.76)
(P 5 0.873)

–

Sex –

Male 49.2% 83.0 (54.7–125.8) Ref –

Female 50.8% 120.6 (85.9–169.3) 1.45 (0.85–2.49)
(P 5 0.175)

–

Race
Afro-Ecuadorian 72.8% 81.7 (57.8–115.3) Ref Ref
Mestizo/other 21.5% 60.6 (28.9–126.6) 0.74 (0.3–1.68)

(P 5 0.474)
0.88 (0.38–2.00)

(P 5 0.753)
Chachi 5.8% 513.4 (316.4–824.2) 6.29 (3.45–11.46)

(P , 0.001)
0.59 (0.31–1.12)

(P 5 0.106)
Community

Borb�on 35.2% 15.8 (5.1–48.9) Ref Ref
Colon Eloy 15.6% – – –

Timbire 11.6% 48.2 (15.5–148.5) 3.05 (0.62–15.10)
(P 5 0.172)

2.93 (0.59–14.65)
(P 5 0.191)

Maldonado 21.1% 70.4 (35.2–140.2) 4.45 (1.18–16.78)
(P 5 0.027)

4.36 (1.16–16.48)
(P 5 0.030)

Santo Domingo 7.1% – – –

Santa Maria 9.5% 801. 3 (594.4–1073.4) 50.68 (15.69–163.66)
(P , 0.001)

61.85 (18.60–205.69)
(P , 0.001)

Ever lived outside community
No 43.8% 59.6 (35.3–100.4) Ref –

Yes 56.2% 135.3 (99.8–183.4) 0.99 (0.98–1.02)
(P 5 0.858)

–

Occupation –

None 6.3% 29.6 (4.2–207.8) Ref –

Domestic 16.2% 126.3 (70.1–226.9) 4.26 (0.55–33.02)
(P 5 0.165)

–

Small child 34.3% 81.2 (49.0–134.3) 2.74 (0.36–20.73)
(P 5 0.329)

–

Student 11.8% 188.7 (107.4–329.9) 6.37 (0.83–48.98)
(P 5 0.075)

–

Teacher/works with children 2.7% 139.5 (34.9–543.5) 4.71 (0.43–51.93)
(P 5 0.206)

–

Manual labor 16.0% 127.9 (70.9–229.7) 4.32 (0.56–33.44)
(P 5 0.161)

–

Small business 6.8% 27.4 (3.9–192.3) 0.92 (0.06–14.78)
(P 5 0.959)

–

Government or healthcare 2.8% 65.2 (9.2–450.6) 2.20 (0.14–35.19)
(P 5 0.577)

–

Other 3.3% 56.3 (7.9–390.7) 1.90 (0.12–30.40)
(P 5 0.650)

–

IRR5 incidence rate ratio; Ref5 reference.
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fever, headache, myalgia, arthralgia, chills, anorexia, back-
ache, stomachache, and vomiting. In contrast, CHIKV cases
showed more frequently rash than DENV cases (28.4% ver-
sus 11.9%) (Figure 2). There were no statistically significant
differences in the prevalence of reported symptoms by
patient age for either illness (Supplemental Figures 1 and 2).
Risk factor analysis of dengue and chikungunya cases.

A total of 5,189 individuals were censused in 2018 and 2019
in our study. Unadjusted risk factors for symptomatic CHIKV
infection (using logistic regression) were sex (female 1.65,
95% CI: 1.10–2.48), living in a more remote community
(Santo Domingo odds ratio [OR] 5 3.60, 95% CI: 1.89–6.85;
Santa Mar�ıa OR 5 3.88, 95% CI: 2.16–6.96 relative to living
in Borb�on), and occupation (Domestic OR 5 11.63, 95% CI:
1.59–85.37 relative to individuals reporting that they were
unemployed). After adjusting for sex and occupation, living
in a more remote community remained statistically signifi-
cant risk for symptomatic CHIKV infection (Santa Maria
OR 5 3.73, 95% CI: 2.06–6.74; Santo Domingo OR 5 3.59,
95% CI: 1.87–6.88 relative to living in Borb�on) (Table 1).
Risk of symptomatic DENV was associated with individu-

als who reported indigenous Chachi ethnicity (compared

with Afro-Ecuadorian) and who lived in the remote commu-
nity of Santa Maria (compared with Borb�on) (OR 5 6.29,
95% CI: 3.45–11.46); (OR 5 50.68, 95% CI: 15.69–163.66),
respectively (Table 2). These results were due to a DENV
outbreak in the Chachi neighborhood of Santa Maria.
Comparison of dengue and chikungunya infections

from the active versus passive surveillance. During the
same period as the active surveillance (May 2019–February
2020), the MOH passive surveillance system identified 65
cases of dengue in our six study communities. No CHIKF,
Zika, Oropouche, or Mayaro cases were identified by the
MOH during this time (Figure 3).
The highest number of dengue (N 5 19) and chikungunya

(N 5 40) cases, identified through active surveillance, was
reported during the month of June (Figure 3). Similarly, the
MOH also reported the greatest number of dengue cases in
June (21 cases).
Symptoms reported by dengue cases captured by the

MOH were more severe than dengue and chikungunya cases
identified through active community surveillance (Table 3).
Twenty cases were identified by both the MOH surveillance
and the study active surveillance, and 18 of these had

TABLE 3
Demographic/clinical characteristics of individuals with dengue virus/chikungunya virus stratified by passive vs. active surveillance

Variable
Active surveillance dengue cases

N 5 80 (%)
Active surveillance chikungunya cases

N 5 96 (%)
Passive surveillance dengue cases

N 5 152

Age, median years (IQR) 18.5 (11.0–36.5) 26.5 (13.0–40.2) 19 (12.0–28.5)
Female sex 47 (58.8) 59 (61.5) 67 (44.1)
Clinical characteristics
Fever 77 (96.2) 82 (85.4) 141 (92.8)
Headache 70 (87.5) 66 (68.8) 99 (65.1)
Myalgia 43 (53.8) 26 (27.1) 88 (57.8)
Arthralgia 39 (48.8) 35 (36.5) 98 (64.5)
Abdominal pain 21 (26.2) 13 (13.5) 24 (15.8)
Rash 10 (12.5) 23 (24.0) 5 (3.3)
Diarrhea 1 (1.3) 1 (1.0) 6 (3.9)
IQR5 interquartile range.

FIGURE 3. Number of dengue cases reported according the passive surveillance from the Ministry of Health; number of Dengue and Chikungu-
nya cases reported by active Surveillance fromMay 2019 to February 2020.
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complete laboratory results. Of these 18 cases, 14 cases
were DENV1, one was CHIKV1, two were DENV-CHIKV
coinfections, and one was PCR negative for both viruses.

DISCUSSION

We found that CHIKV infections went undetected in our
study region in northern coastal Ecuador. In 2019 and early
2020, DENV and CHIKV co-circulated and were responsible
for approximately 85% of febrile cases captured by our active
surveillance (70% of these arbovirus cases were caused by
CHIKV). As expected, reported symptoms were similar
between the two illnesses, reinforcing the importance of arbo-
viral screening using molecular tools such as real-time PCR as
a method for detection of multiple arboviral diseases. Given
that molecular screening is limited in many settings with high
arbovirus burden and given that DENV infections are assumed
to be the primary arbovirus, CHIKV circulation may be under-
appreciated globally.
In this study, 14.5% (N 5 10) of arbovirus-like illnesses

were negative for DENV, CHIKV, and other common impor-
tant viral pathogens in our study area. We found that two
arbitrarily selected negative samples were positive for Plas-
modium falciparum. The MOH reported 146 cases of Plas-
modium falciparum in 2019 in the region.15,30 In a previous
study, Oropouche virus was identified in a dengue negative
serum sample from our affiliated hospital in Esmeraldas.31

These results indicate that although DENV is common cause
of febrile disease, diverse tropical pathogens with common
fevers affect these communities. Our reports underline the
need of a multiplex approach for febrile diseases detection
because different therapeutic regimes and public health
measures are necessary to control these pathogens.
Our analysis likely underestimates the true prevalence of

DENV in these communities because we used only PCR-
confirmed cases and excluded cases that were positive by
NS1 (Standard Diagnostic Inc.) and confirmed by IgM ELISA
(PanBio, Abbott, Brisbane, Australia). This choice was made
to maximize our ability to differentiate between DENV and
CHIKV; however, as a result, prevalence estimates are slightly
lower compared with other reports by our study team.32

Febrile diseases like DF and CHIKF show similar clinical pre-
sentation.33 We found that individuals with DENV infections
reported a higher symptoms, with the exception of rash, which
was more often reported in CHIKV cases. Other studies have
also suggested that although rash may be present in both ill-
nesses, it is more common in early chikungunya cases.34 On
the other hand, the prevalence of arthralgia was higher among
DENV cases than CHIKV cases. This finding is in accordance
with Kuno’s 2015 review reporting more arthralgia among
severe dengue cases due to consecutive outbreaks of different
dengue serotypes or chikungunya.35 This result is, however, in
contrast with many previous studies that have shown that
arthralgia is often more prominent in patients with chikungu-
nya.36 Our active surveillance identified cases an average of
3 days after symptom onset; therefore, recall bias was unlikely
to account for this unexpected finding.
The Chikungunya risk factors we identified in our study

were female, reside in a more rural community and reporting
an occupation involving domestic work (i.e., being a house-
wife) or manual labor. These findings are similar to a previous
study in a rural Malaysian cohort in which sex and rural

occupancy were predictors of seropositivity for CHIKV, esti-
mating that rural occupancy had 3.9 higher odds than urban
occupancy.37 Fred et al.38 reported that outdoor activities
such as farm work was a risk factor for CHIKV. Similarly, in a
cross-sectional study performed in Quinind�e, Esmeraldas,
found that women were more likely to have CHIKF than
men.39

Our active surveillance data indicated that chikungunya
cases went undetected by the passive surveillance system
operated by the Ecuadorian Ministry of Public Health. A major
challenge with the use of passive surveillance data is the reli-
ance of clinical symptoms for diagnosis, which results in
greater underreporting of the diseases that present with broad
symptoms similar to other more known diseases.40 Typically,
active community-based surveillance captures significantly
more arboviral disease including mild cases, like dengue,
when compared with passive surveillance studies that focus
on more severe cases.41 Despite research demonstrating that
active surveillance is an important tool for estimating disease
burden, the expense and logistics required for active surveil-
lance posed a challenge to its implementation.42

Therefore, active surveillance data from sentinel sites and
research studies around the world like our study provide key
insights into the dynamics of arboviral diseases such as den-
gue and chikungunya; however, for many countries, active
surveillance is not feasible for multiple arboviruses given
resource limitations. This study demonstrated that active
surveillance of febrile illness in remote rural sites is key for
the identification of possible sources and routes of transmis-
sion for infectious diseases that may circulate endemically.
Here we show that CHIKV is still prevalent in rural localities
of northwestern Ecuador despite significant CHIKV circula-
tion not been reported since 2018 in Esmeraldas province.
Moreover, our data demonstrate that active surveillance
using molecular characterization is able to differentiate den-
gue and chikungunya cases with similar symptoms that are
often misdiagnosed clinically. These findings highlight the
value of active surveillance data from sentinel sites and pro-
spective research studies to provide key epidemiological
insights into dynamics of arboviral diseases like dengue and
chikungunya in Ecuador.
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