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ABSTRACT

Chikungunya is a viral vector-borne disease that in the last decade caused an increasing number 
of outbreaks in tropical and subtropical regions of Africa and Asia. By late 2013, chikungunya 
virus (CHIKV) reached the Americas spreading rapidly through most countries. By mid-2014, 
Venezuela was hit by a CHIKV epidemic that swept the country with an estimated attack rate of 
40-50%, coinciding with an outbreak of dengue virus which is endemic in this land. We aimed 
to characterize the temporal and spatial distribution of chikungunya and dengue concomitant 
arboviral epidemics in 2014, as well as to define the epidemiology and differential clinical pre-
sentation of the emergent CHIKV in Venezuela. Epidemiological and clinical data of patients at-
tending health centers was obtained from the Regional Ministry of Health. Between June-De-
cember 2014, data from 810 chikungunya patients were included, of which 170 were laboratory 
tested resulting in 101 (59.4%) CHIKV positive. Univariate analysis of laboratory confirmed and 
suspected cases were performed. The CHIKV epidemic peak was determined at week 34, 72 days 
(10.3 weeks) after the first reported case. We found a maximum of 3 and a minimum of 1 week 
of lag between the time of symptom onset and that of case notification. Univariate analysis of de-
mographic risk factors showed that age and gender were not significantly associated with CHIKV 
infection during the outbreak, while for dengue, women were 0.68 times less likely to have a 
positive dengue infection than men (P<0.001). Regarding epidemiological risk factors, variables 
such as presence of breeding sites or living in a house in an unplanned area showed increased 
odds of being a positive chikungunya case, but without reaching statistical significance. A higher 
proportion of patients with chikungunya presented myalgia, headache, rash, and arthralgia com-
pared to those with dengue (P<0.05). Contrariwise, hepatomegaly, cutaneous bleeding, mucosal 
bleeding and sore throat were more prevalent among dengue, however the differences were 
not statistically significant. Our findings may add to the current diagnosis guidelines and give 
insights about chikungunya associated risk factors and clinical manifestations in Venezuela. Ad-
ditionally, by improving the time response of case notification, and differential diagnosis, earlier 
preventive measures and a more accurate disease management may be put in place to reduce 
arboviral disease transmission and morbidity
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INTRODUCTION

Chikungunya (CHIK) is a vector-borne viral disease caused by the chikungunya virus (CHIKV), 
an alphavirus belonging to the Togaviridae family. CHIKV drew worldwide attention when it 
emerged in the Caribbean island of Saint Martin in the Americas in 2013. From there the dis-
ease rapidly spread to 45 countries or territories causing major epidemics in the Caribbean, 
and in Central, South, and North America in scarcely six months (Weaver & Lecuit 2015).). Prior 
to this major outreach of CHIKV, the virus had also been reported to emerge during outbreaks 
in La Reunion Island in 2005, India in 2006, and one year later the virus made its appearance 
in Italy, Croatia, France, Portugal and Spain (Caglioti et al., 2013; Weaver & Lecuit 2015). Ever 
since, CHIKV has appeared sporadically in Europe (Rezza et al., 2007; Grandadam et al., 2011; 
Tomasello & Schlagenhauf, 2013; Delisle et al., 2015; Fernandez-Garcia et al., 2016; Venturi et al., 
2017; Barzon et al., 2018), while in the Americas the circulation is continuously being report-
ed (PAHO, 2018). On the other hand, dengue fever a flu-like illness caused by the dengue virus 
(DENV [Flaviviridae family]), the most widespread and important arboviral disease is endemic 
in many countries of the Americas (Ramos-Castañeda et al., 2017) with periodic outbreaks every 
three to five years (Guzman et al., 1999; Schneider, 2001; Vincenti-Gonzalez et al., 2018). 

CHIKV and DENV are transmitted by the same vectors, Aedes aegypti and Ae. albopictus (Staple-
ford et al., 2016; Shiferaw et al., 2015) and share similar clinical presentation (Gubler, 1998). 
The incubation period of both viruses is usually 2-7 days [range 1-12 days]) (Halstead, 2008; 
Patterson et al., 2016). Clinically, 80% of CHIKV infected individuals develop symptoms while in 
the case of DENV infections an estimated of 25% are symptomatic (Bhatt et al., 2013). Among 
the symptomatic cases, the most common reported symptoms of CHIKV infection are high fever, 
rash, arthritis and arthralgia (Caglioti et al., 2013). Arthralgia is present in 87-98% of patients 
and is localized in the ankles, wrists, the phalanges and some large joints like shoulders, elbows 
and knees. Rash is found in 40-50% of the cases and it is localized in the face, thorax and ex-
tremities (Robinson et al., 1995; Thiberville et al., 2013). In comparison, clinical manifestations 
of DENV infection such as fever, headache, myalgia, skin rash, retro-orbital pain and arthralgia 
(Halstead, 1980; Harris et al., 2000; Velasco-Salas, 2014) are similar to those of CHIKV infection. 
Usually the symptoms in both diseases resolve after 7-10 days. However, in the case of chiku-
ngunya, 30-70% of patients can experience chronic or recurring arthritis than can last years 
(Schilte et al., 2013; Elsinga et al., 2017). 

During the major chikungunya outbreak of the Americas in 2014, the Panamerican Health Orga-
nization reported more than two million cases in the region (Rezza, 2014). Venezuela as many 
other countries was affected by the rapid expansion of CHIKV in one of the most important epi-
demics experienced in the country (Oletta, 2014; Torres et al., 2015; Grillet et al., 2019; Lizarazo 
et al., 2019) caused by the introduction of the Asian genotype of chikungunya (Camacho et al., 
2017). The total number of chikungunya cases in Venezuela reported to PAHO in 2014 (until 
week 52) was 30,405, with an incidence of 112 per 100,000 inhabitants (PAHO). However, given 
the observed underreporting, it has been estimated that the real number of cases was over 1 mil-
lion (Oletta, 2014). The epidemic spread with an observed attack rate of 40-50% (Lizarazo et al., 
2019) similar to other countries (Schwartz & Albert 2010; Pimentel et al., 2015). Concomitantly 
with the CHIKV epidemic, an ongoing epidemic of dengue was being reported in the northern 
Venezuelan region (MPPS Bulletins 2014). The occurrence of two parallel arboviral epidemics 
further overloaded the health system and subjected the health personnel to difficulties to clini-
cally differentiate dengue from chikungunya in a time when laboratory diagnosis for chikungun-
ya was relatively scarce. 
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The aim of this study was to characterise the temporal and spatial distribution of two concomi-
tant arboviral epidemics in 2014, one caused by an emergent pathogen (CHIKV) and the second 
by an endemic arbovirus (DENV) as well as to define the epidemiology and differential clinical 
presentation of the emergent CHIK in Venezuela. To the best of our knowledge, this is the first 
study that described genuine surveillance data of the chikungunya epidemic in Venezuela aiming 
to explain the unraveling of the concomitant dengue and CHIK epidemics. A detailed description 
of demographic information, clinical manifestation and discriminatory symptoms between den-
gue and CHIK are essential to improve differential diagnosis and disease surveillance.

MATERIALS AND METHODS

STUDY AREA

The study was performed in Carabobo and Aragua states, located adjacent to each other and 
part of the north-central region of Venezuela (10°09′43″N 68°00′28″W). Carabobo has an es-
timated population of 2,415,506 inhabitants (Figure 1) while Aragua (10°15′6″N 67°36′5″W) 
has an estimated population of 1,787,297 inhabitants. Valencia and Maracay cities, the capitals 
of Carabobo and Aragua respectively, are two of the most densely populated cities in the central 
region of Venezuela [INE]. Both states are dengue hyperendemic areas with the co-circulation of 
all four DENV serotypes. 

Figure 1. Relative geographic location of the study area: A) Venezuela (orange), B) Carabobo state 
(green), Aragua state (blue), C) Parishes of Carabobo state and the estimated population [INE].

STUDY DESIGN AND STUDY POPULATION

We performed a retrospective clinical and epidemiologic study using data collected through 
the national Notifiable Diseases Surveillance System (NDSS) of the Ministry of Health (MoH) of 
Carabobo and Aragua states in 2014. Data on CHIK was only available for Carabobo state while 
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dengue data was available for both areas. We characterized and compared the concomitant ep-
idemics of CHIK and dengue that took place in Carabobo state using epidemiological data from 
Carabobo only, while clinical differentiation between these two arboviruses was done using also 
data from Aragua state. In Figure 2 the distribution of the study population is described. Patients 
of all ages who attended to public or private health care centers were included in the study. 

Figure 2. Schematic representation of the population under study. A) Reported cases of CHIK in Cara-
bobo state during 2014. B) Dengue reported cases in Carabobo state during 2014 (EW 22-49) C) Re-
ported cases of dengue in Aragua state during 2014. #These cases were classified by us based on the 
clinical criteria of trio FAR (see case definition by disease).

DATA COLLECTION

Data was derived from structured questionnaires used by the NDDS and filled by medical per-
sonnel when examining patients suspected of dengue or CHIK infection. The criteria to report 
a suspected CHIK case were a sudden onset of fever > 38.5°C accompanied by incapacitating 
joint pain not explained by another medical condition. Patients with suspected dengue were 
defined by presenting with a febrile illness with maximum duration of 7 days with no other 
origin and two of the following symptoms: headache, retro-ocular pain, myalgia, arthralgia, rash 
or hemorrhagic manifestations. The following information was collected using the standardized 
questionnaires: age, sex, clinical symptoms, epidemiological risk factors and laboratory analysis 
was also collected. Selected socio-demographic and epidemiological risk factors variables were 
explained/defined as follows: Age was stratified into five groups 0-9 years; 10-24 years; 25-44 
years; 45-64 years; >65 years. A household in an unplanned area was defined as a house placed 
in a non-urban planned sector or with scarce or no piped water supply. Crowding was defined 
as the number of people in a household divided by the number of bedrooms of that household. 
High crowding was defined as ≥ 1.5 persons per bedroom and low crowding as <1.5 persons 
per bedroom. Contact with vector was defined as positive if the patient reported being bitten 
by mosquitoes before the onset of symptoms. The variable ‘household mosquito protection’ was 
defined as using one of the following; screened doors; screened windows; use of air conditioner; 
or use of a fan at home. 

A sub-sample of the patients had their blood tested for laboratory confirmation of the suspected 
arboviral infection. However, at the time of this study, patients were only tested for the clinically 
suspected arbovirus, without performing a screening against other potential arboviral infections 
(i.e. suspected dengue cases had a laboratory test against DENV infection only, but were not test-
ed against CHIKV infection). A laboratory positive CHIK case was defined by either: i) the detec-
tion of CHIKV genetic material via Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) 
during the acute phase of disease (<5 day of illness) or ii) the detection of CHIKV-specific IgM 
antibodies in serum after five days of symptoms onset. A laboratory positive dengue case was 
defined by the detection of DENV-specific IgM antibodies in serum according to the MAC-ELISA 
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technique described by Kuno et al (Kuno, Gómez & Gubler, 1987). Patients who did not have lab-
oratory test performed for diagnosis were defined as suspected cases (Figure 2). 

DATA ANALYSIS

SPATIAL FEATURES OF THE CHIK AND DENGUE EPIDEMICS

To determine the distribution of reported cases both in time, epidemic curves of CHIK and den-
gue were constructed using data from the epidemiological weeks (EW) 22 to 49 of 2014 in Cara-
bobo. Additionally, to study the spatial distribution of reported cases, the latter were georefer-
enced using their addresses, assigned to their respective civil parish and plotted on maps using 
the software QGIS 3.0.0-Girona (QGIS Development Team 2019. QGIS Geographic Information 
System. Open Source Geospatial Foundation Project. http://qgis.osgeo.org). 

TEMPORAL FEATURES OF THE CHIK AND DENGUE EPIDEMICS

In order to evaluate the temporal overlap of the epidemic curves (concordance of signal) we 
applied cross-correlation analysis among the time series of the reported cases of CHIK and den-
gue positive cases. Furthermore, to assess the notification delay on CHIK case reporting we per-
formed a time series cross-correlation analysis of the time gap between the CHIK symptoms 
onset date and the CHIK notification date. Analysis were performed using the software PAleon-
tological STatistics (PAST) version 3.14. (www.folk.uio.no/ohammer/past/).

DEMOGRAPHIC CHARACTERISTICS, EPIDEMIOLOGIC RISK FACTORS AND CLINICAL MAN-
IFESTATIONS

To study the association between individual risk factor and CHIK or dengue outcome, a binary 
logistic regression was performed to assess the effect of age group and gender on the likelihood 
that the individuals had CHIK or dengue. The association of clinical signs and symptoms with 
a positive laboratory test for CHIK was evaluated using Chi-square or Fisher’s exact test when 
appropriate. Subsequently, to assess the differences on the clinical presentation between CHIK 
positive and dengue positive cases, we calculated the frequency of each clinical manifestation of 
the laboratory confirmed CHIK and dengue positive cases. Then the weighted proportions were 
compared using Chi-square test. Binary logistic regression was used to compare categorical vari-
ables and calculate the odds ratios (OR) and confidence intervals. Statistical significance for all 
analyses was determined at (p<0.05). The confidence interval was stated at a 95%.

ETHIC STATEMENT

The data was analyzed anonymously, to ensure this, all individual names and identifying infor-
mation were coded using a unique numeric identifier. This study was approved by the epidemio-
logical department of the regional Ministries of Health of Carabobo and Aragua States.
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RESULTS

TEMPORAL AND SPATIAL FEATURES OF THE EPIDEMICS OF CHIKUNGUNYA AND DENGUE 
IN 2014

A total of 810 suspected CHIK cases were reported between June and December 2014 (EW 22 
to 49) to the Carabobo state NDSS. However, due to limited capacity/preparedness of the health 
system and the cost of laboratory testing, only 170 (20.9%) patients were laboratory tested for 
CHIKV infection. The first notified case of chikungunya in Carabobo state (June 10, 2014) was 
linked to a traveler returning from the Dominican Republic with symptom’s onset reported on 
May 29, 2014. Once the index patient was identified and the CHIKV infection confirmed, the MoH 
declared the introduction of CHIKV into Carabobo. Following this report, an increase in CHIK 
cases was noted after epidemiological EW 22 peaking at EW 33-34 with 331 cases reported by 
then, and decreasing afterwards until EW 49 state (Figure 3). Concurrently, a sustained increase 
in dengue transmission was reported since EW 22 unravelling as a concomitant epidemic that 
reached a total of 491 confirmed DENV cases in Carabobo state for the same period. Our tempo-
ral analysis showed parallel epidemic waves for DENV and CHIKV (Figure 3) and a similar timing 
of the incidence peak (around EW34) resulting in a high correlation (r.95=071, P< 0.05) of both 
time-series (Figure S1). 

Figure 3. Concomitant chikungunya and dengue epidemics in Carabobo state in 2014. Weekly re-
ported cases of chikungunya (n=810) and dengue positive cases in Carabobo state (n=491) during 
epidemiological weeks (EW) 22-49. Dengue transmission is endemic in the state, yet the image shown 
positive dengue cases only from EW 22 to EW 49 for comparison purposes.

Furthermore, during the epidemic period (EW 22-49) the reported cases of both diseases 
showed similar geographical distribution (Figure 4). Dengue cases were reported in 32 out of 
38 parishes of Carabobo state, whereas CHIK cases were reported in 33 parishes with a high 
overlap with those parishes reporting dengue. Both diseases depicted an accumulation of cases 
in the metropolitan area of Valencia city (Figure 4). However, despite the overlap in time and 
space, the frequency of CHIK reported cases was 1.6 times as high as the frequency of dengue 
positive cases.
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We observed that during the period of study, medical practitioners reported most of the febrile 
illnesses (dengue-like clinical presentations) as suspected dengue cases (n=1,441). However, 66 
% (n=950) of these patients obtained a serological negative test for DENV infection. To assess 
if these laboratory dengue-negative cases could represent misdiagnosed chikungunya cases, we 
draw their epidemic curve and compared it to the reported chikungunya cases curve. As shown 
in Figure 5, the ‘dengue-negative’ epidemic curve showed a good fit with that of chikungunya 
suspected cases, peaking at EW 36. Nonetheless, when we merged ‘dengue-negative’ with chiku-
ngunya reported cases (dashed line in Figure 5), the hypothetical epidemic curve shows a good 
correlation (r.95=0.59 P< 0.01) with the ‘chikungunya reported cases’ curve (red line) and a peak 
at EW 33-34 (Figure 5), suggesting a bigger chikungunya epidemic curve and an underestima-
tion of the real number of chikungunya cases.

Figure 5. Epidemiological curves of chikungunya reported cases and dengue negative cases in Cara-
bobo state in 2014. Weekly reported cases of chikungunya (n = 810) and negative dengue cases in 
Carabobo state (n = 950) during epidemiological weeks (EW) 22-49. Black dashed line depicts a hy-
pothetical epidemic curve that includes dengue negative cases as well as probable chikungunya cases 
(n = 1,760).

NOTIFICATION DELAY OF CHIKUNGUNYA CASES

A systematic delay between the date when people fell ill and the date when the case was re-
ported to the health authorities was observed. We plotted two chikungunya curves, one based 
on the symptom’s onset date (SOD) and the second using the notification date (ND) (Figure 6). 
Both curves peaked at EW 34, but with different amount of cases each: the SOD-based curve 
showed 107 cases (14.48%) while the ND-curve peaked with 215 cases (35.07%). These peaks 
occurred approximately 72 days (10.3 weeks) after the first reported case in June 2014. There-
after, the weekly reported cases started to decrease until the last reported case occurring at 
EW 49 (Figure 6). However, a statistically significant difference between SOD and ND for each 
case, was observed (P=0.039). This difference was assessed through a cross-correlation analy-
sis between both time series (where x-axis = onset date; and y-axis = notification date) to find 
the delay (Lag) between signals (reported dates). The cross-correlation analysis showed three 
different Lag periods within both time series (Figure S2). These Lag periods were: three weeks 
lag with a correlation (r.95=0.39; P=0.051), two weeks lag with strong and significant correla-
tion (r.95=0.69; P=<0.05) and a one-week lag (r.95=0.84; P=<0.05). Additionally, we found that the 
reported day on which people sought medical attention was on average around the fifth day of 
illness (M=4.86±3.4 days). These results suggest a systematic delay between the date when the 
patients got ill and when the case was reported to the health authorities, and we anticipate that 
this delay occurs within the health system workflow.
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Figure 6. Weekly reported cases of Chikungunya in Carabobo state during 2014. The cases are shown 
in bars per symptoms onset date and the notification date of the reported chikungunya cases. Symp-
toms onset dataset n=612 notification of the case n=613.

EPIDEMIOLOGICAL AND CLINICAL CHARACTERIZATION OF CHIKUNGUNYA AND DENGUE

DEMOGRAPHICS

The mean age of patients with a positive laboratory test for CHIKV infection (n = 170) was 33 
years (range 0-90 years). Univariate analysis of demographic risk factors showed that age and 
gender were not significantly associated with chikungunya infection during the outbreak (Table 
1). Nevertheless, a (non-significant) decreasing trend of chikungunya positivity with increasing 
age was found. Similarly, the proportion of dengue infected individuals decreased with age, with 
the age group (45-64 years) showing the lowest values compared to younger individuals. Wom-
en were 0.68 times less likely to have a positive dengue infection than men (P=0.001). 

Table 1. Univariate analysis of demographic characteristics of the chikungunya laboratory-test-
ed patients and dengue laboratory tested patients.

The analysis of suspected chikungunya cases (n=613) showed similar results, with a mean age 
of 34 years (range 0-89 years) and no statistically significant association of age or gender with 
chikungunya infection (Table S1). 

  Chikungunya Laboratory-tested (n=170) Dengue Laboratory-tested (n=1,441) 
  n (% positive) Crude OR (CI95) P-value n (% positive) Crude OR (CI95) P-value 
Age group 
(years) 

        

0-9   21 (67.7) 1 -  87 (38.8)  1 - 
10-24   27 (62.1) 0.80 (0.30 - 2.12) 0.660 163 (37.1)  0.93 (0.66 - 1.29) 0.730 
25-44   31 (56.1) 0.59 (0.24 - 1.48) 0.261 155 (33.0)  0.77 (0.55 - 1.08) 0.158 
45-64   15 (55.6) 0.60 (0.21 - 1.73) 0.342  61 (27.0)  0.58 (0.39- 0.86) 0.009 
>65    7 (53.8) 0.56 (0.15 - 2.09) 0.385  19 (39.6)  1.03 (0.54 - 1.95) 0.920 
Gender        

M   30 (57.7) 1 - 241 (38.9) 1 - 
F   71 (60.2) 1.11 (0.57 - 2.15) 0.894 250 (30.5) 0.68 (0.55 - 0.86) 0.001 
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EPIDEMIOLOGICAL RISK FACTORS OF CHIKUNGUNYA LABORATORY-TESTED CASES

Epidemiological risk factors possibly associated with chikungunya infections are shown in Table 
2. Approximately 85% (146/170) of the total individuals reported having public services such 
as piped water, trash removal and regular water supply at home. Despite this, an important pro-
portion of the individuals reported the existence of potential mosquito breeding sites such as: 
water storage at home (65.9%), water storage in tanks/containers (59.6%), used tires at home 
(91.0%), and breeding sites at home or in the neighborhood (61.6%). 

Presence of breeding sites, use of insecticide at home, rain in the last 15 days, presence of piped 
water at home and living in a house in unplanned were positively associated with being infected 
with CHIKV, although this association was not statistically significant (Table 2). None of the re-
corded risk factors reached significance.

Table 2. Univariate analysis of self-reported epidemiological risk factors from laboratory-tested 
patients.

*Fisher ’s exact test

CLINICAL MANIFESTATIONS

We compared the clinical presentation between CHIKV laboratory-positive and negative indi-
viduals in order to identify signs and symptoms associated with CHIKV infection. Fever (99%), 
arthralgia (94%), rash (93.4%%) and polyarthritis (91%) were the most prevalent signs/symp-
toms amongst CHIKV laboratory-positive cases (Table 3). Among the reported complains, oth-
er digestive signs and symptoms with high prevalence were nausea/vomiting (58.9%) and ab-

  Chikungunya Laboratory-tested (n=170) 
Total Positive (%) Negative (%)  Crude OR (95%CI) P-value 

Reporting mosquitoes at home 149 81 (91.0) 55 (91.7) 0.92 (0.29 - 2.96) 0.889 
Reporting contact with the 
mosquito  90 32 (64.0) 30 (75.0) 0.59 (0.24 - 1.49) 0.373 
Presence of breeding sites at 
home or in the neighborhood 144 53 (61.6) 34 (58.6) 1.13 (0.58 - 2.24) 0.851 
Presence of used tires at home 144 13 (15.3) 12 (20.3) 0.71 (0.30 - 1.68) 0.574 
Storage of water at home 152 58 (65.9) 48 (75.0) 0.64 (0.32 - 1.32) 0.305 
Water storage in tanks/ 
containers 152 53 (59.6) 39 (61.9) 0.91 (0.47 - 1.76) 0.901 

Public services      
Piped water (yes) 146 79 (92.9) 56 (91.8) 1.18 (0.34 - 4.04) 1* 
Regular water supply (yes) 150 52 (59.1) 37 (59.7) 0.98 (0.50 - 1.89) 1* 
Trash removal (yes) 146 67 (79.8) 48 (77.6) 1.15 (0.52 - 2.56) 0.891 
Mosquito preventive measures      
Household mosquito protection 
(yes) 138 8 (10.0) 11 (19.0) 0.48 (0.18 - 1.27) 0.208 

Screened windows (yes) 145 8 (9.4)  6 (10.0) 0.94 (0.31 - 2.85) 0.906 
Use of insecticide at home (yes) 142 39 (46.4) 22 (37.9) 1.42 (0.72 - 2.81) 0.405 
Use of repellent (yes) 142 28 (33.3) 23 (39.7) 0.76 (0.38 - 1.52) 0.553 
Other      
Household in unplanned area 134 28 (36.4) 13 (22.8) 1.93 (0.89 - 4.19) 0.135 
Crowding >1.5 136 24 (60.0) 16 (40.0) 1.07 (0.51 - 2.27) 0.857 
Rain in the last 15 days 146 81 (96.4) 59 (95.2) 1.37 (0.27 - 7.04) 0.699 
Traveling in last 15 days  35 14 (70.0) 13 (86.7) 0.36 (0.06 - 2.11) 0.419 
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dominal pain (33.8%). Several comorbidities were reported (Table S2) among which the most 
prevalent were hypertension (22.7%), obesity (19.6%) and asthma (14.9%). The results of our 
univariate analysis for the signs and symptoms showed that rash was the strongest clinical sign 
positively associated with a laboratory-positive result (OR=3.54, P=0.017). Other symptoms that 
showed a strong association with CHIKV infection were diarrhea (OR=2.20), nausea/vomiting 
(OR=1.76), abdominal pain (OR=1.50), hepatomegaly (OR=1.18), headache (OR=1.40), and pho-
tophobia (OR=1.19). Contrariwise, backache, myalgia, retroocular pain, sore throat, and mucosal 
bleeding were negatively associated with CHIKV infection. However, the association with these 
symptoms did not reach statistical significance.

Table 3. Univariate analysis of clinical manifestations of chikungunya laboratory-tested patients

*Fisher ’s exact test

TRIO ALGORITHM BASED ON CLINICAL MANIFESTATIONS

In order to increase the sensitivity and specificity of the clinical criteria used to report suspect-
ed cases of chikungunya and especially for those non-laboratory tested, we constructed a new  
variable by grouping the most commonly reported symptoms of fever, rash and arthralgia (FRA). 
We firstly evaluated the sensitivity, specificity and positive predictive value (PPV) of the con-
structed variable among the chikungunya (n=170) and dengue (n=3,977). laboratory-tested pa-
tients (Table 4). 

The results indicate that in the case of dengue, the FRA variable did not identify dengue cases 
when compared to the laboratory results, i.e. their results significative differed (P<0.001). Over-
all, FRA variable showed better sensitivity, specificity and PPV to identify chikungunya patients 
than for those having dengue.

  Chikungunya Laboratory-tested (n=170) 
  Total Positive (%) Negative (%) Crude OR(95%CI) P-value 
Fever 163 94 (98.9) 67 (98.5) 1.40 (0.09-22.83) 1* 
Arthralgia 140 76 (93.8) 56 (94.9) 0.81 (0.19-3.55) 1* 
Rash 151 85 (93.4) 48 (80.0) 3.54 (1.25-10.04) 0.017 
Polyarthritis 84 40 (90.9) 35 (87.5) 1.43 (0.36-5.74) 0.730* 
Fever, rash, 
polyarthritis  92 37 (69.3) 28 (59.4) 1.92 (0.77-4.78) 0.236 
Fever, rash, arthralgia 134 70 (87.5) 41 (75.9) 2.20 (0.89-5.51) 0.086 
Diarrhea 123 23 (33.3) 10 (18.5) 2.20 (0.94-5.15) 0.069 
Nausea/vomiting 131 43 (58.9) 26 (44.8) 1.76 (0.88-3.54) 0.154 
Abdominal pain 116 22 (33.8) 13 (25.5) 1.50 (0.66-3.37) 0.442 
Hepatomegaly 86   8 (16.0)  5 (13.9) 1.18 (0.35-3.96) 1 
Headache 134 69 (89.6) 49 (86.0) 1.40 (0.50-4.00) 0.708 
Backache 80 33 (78.6) 31 (81.6) 0.83 (0.28-2.49) 0.955 
Myalgia 127 59 (81.9) 49 (89.1) 0.56 (0.20-1.57) 0.386 
Retro-ocular pain 121 41 (59.4) 31 (59.6) 0.99 (0.48-2.07) 0.983 
Photophobia 66   9 (25.7)   7 (22.6) 1.19 (0.38-3.69) 0.993 
Sore Throat 96 10 (18.9) 14 (32.6) 0.48 (0.19-1.23) 0.192 
Mucosal bleeding 121  7 (10.0)   8 (15.7) 0.60 (0.20-1.77) 0.511 
Cutaneous bleeding 
(petechiae, bruising) 121 11 (16.2) 11 (20.8) 0.74 (0.29-1.86) 0.682 
Positive tourniquet 
test 76  6 (15.0)  2 (5.6) 3.00 (0.57-15.93) 0.268* 
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Table 4. Comparison of the variable FRA in CHIK laboratory-tested patients and dengue labora-
tory-tested patients 

Although the PPV of the FRA variable was not as high as expected, we defined a positive chikun-
gunya case by clinical criteria as those chikungunya suspected cases that showed all three symp-
toms englobed in the FRA variable as part of their clinical presentation. Application of the FRA 
clinical criteria resulted in the identification of 317 cases as positive out of the 443 chikungunya 
suspected cases (Figure 2A). 

Additionally, our analyses showed that the most prevalent symptoms amongst these positive 
cases by FRA criteria were a combination of fever, polyarthralgia and rash (96.3%) and photo-
phobia (91.2%), while the gastrointestinal signs and symptoms such as diarrhea (75%), nausea/
vomiting (73.1%) and abdominal pain (77.6%) were also highly prevalent (Table S3).

COMPARISON OF CLINICAL MANIFESTATIONS BETWEEN CHIKUNGUNYA AND DENGUE 

We evaluated the initial diagnosis based on clinical symptoms for dengue and chikungunya. 
Thus, we compared the frequency of confirmed laboratory positives cases given the developed 
symptoms. The differences between dengue and chikungunya are shown in Figure 7. Not all den-
gue or chikungunya reported cases were febrile. 

Among these febrile cases, a higher proportion of confirmed chikungunya cases were found 
(OR=1.45, P<0.05) compared to confirmed dengue cases. Likewise, a higher proportion of pa-
tients with chikungunya presented myalgia, headache, rash, and arthralgia compared to those 
with dengue (P<0.05). 

Conversely, hepatomegaly, cutaneous bleeding, mucosal bleeding and sore throat were more 
prevalent among dengue patients than those with chikungunya, however the differences were 
not statistically significant. These results suggest that patients with these combined symptoms 
are 1.85 times more likely to have chikungunya (P<0.05) than those having dengue. Together 
these results provide important insights into a clinical differential diagnosis between the two 
infections.

 Sensitivity (%) Specificity (%) PPV (%) OR (95% CI) P-value 

FRA (CHIK)  87.5 24.1 63.1 2.20 (0.89-5.51)  0.086 

FRA (Dengue)  33.8 55.0 41.8 0.62 (0.55-0.71) <0.001 

PPV. Positive predictive value  
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Figure 7. Comparison of clinical manifestations between chikungunya and dengue Patients.  
Proportion of patients reporting symptoms by laboratory diagnosis (CHIK-positive versus dengue 
positive patients). Chikungunya patients n=170, dengue patients n=3977. *P<0.05, **P=0.001

DISCUSSION 

Here we described the development, risk factors and clinical presentation of the chikungunya 
epidemic in northern Venezuela during 2014 in the context of a concomitant dengue epidemic. 
Our main results showed that: a) the diseases had similar timing and geographical distribution 
with cases aggregating around large urban areas. This overlap of disease distribution compli-
cated the accurate reporting of chikungunya cases in what appeared to be a bias towards den-
gue case reporting; b) A systematic delay (more than one week) of case reporting was detected 
having possible consequences in the rapid establishment of effective control measures; c) The 
most prevalent signs and symptoms associated with chikungunya infection were fever, rash and 
arthralgia (FRA); d) none of the epidemiologic risk factors studied were associated with an in-
creased risk of chikungunya infection.

The concomitant transmission of chikungunya and dengue allowed us to explore the timing of 
the epidemics and to study the characteristics of an emergent arboviral disease such as chi-
kungunya compared to an endemic one like dengue. In particular, we were interested on the 
dynamics of these epidemics as we expected to see different patterns based on the criteria of dif-
ferential availability of susceptible individuals for chikungunya and dengue, given a high dengue 
prevalence and therefore preexisting immunity to DENV in Venezuela (Barrera et al., 2000; Bar-
rera et al., 2002; Comach et al., 2009; Espino et al., 2010; Velasco et al., 2014; Vincenti-Gonzalez 
et al., 2017). Accordingly, homogeneous mixing of the human susceptible could be assumed for 
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chikungunya but not for dengue. However, we could not detect major differences in the temporal 
and geographic distribution of the two epidemics: Although chikungunya was introduced into 
a naïve population (i.e. completely susceptible individuals), the distribution of cases was not 
random but clustered in space and time as reported earlier (Lizarazo et al., 2019), and followed 
a similar pattern as dengue which is ruled by strong heterogeneity as other vector-borne diseas-
es (Vanlerberghe et al., 2017). Moreover, an important overlap in the geographical distribution 
of chikungunya and dengue was observed in this study. For chikungunya, our case distribution 
showed and accumulation of cases in Miguel Peña parish (Center of the state), but a more de-
tailed analysis depicted a corridor of transmission that followed a west-south distribution from 
its starting point at Miguel Peña parish (Lizarazo et al., 2019). This corridor of transmission co-
incides with the areas of major persistence of dengue in Carabobo (Vincenti-Gonzalez 2018). We 
propose two main factors influencing chikungunya transmission dynamics: i) the distribution 
and behavior of vector populations and ii) the epidemiologic risk factors associated with clusters 
of transmission. With respect to the latter, the areas of major transmission of both dengue and 
chikungunya in Carabobo are characterized by being densely populated with people living in 
crowded conditions and with low socioeconomic status (Lizarazo et al., 2019), factors previously 
related to increased dengue transmission (Vincenti-Gonzalez et al., 2017; Velasco et al., 2014; 
Honorio et al., 2009; Teixeira et al., 2011; Sharma et al., 2014). However, the first factor could not 
be evaluated as local entomological information is currently lacking in Venezuela.

Another important factor influencing the development of the CHIKV epidemic was the delay of 
case reporting. Interestingly, the observed delay (1-3 weeks) of the official notification of chiku-
ngunya during the epidemic in Carabobo State could not be explained by the timing of people’s 
decision to seek medical attention (<5 days from SOD) as this was considerably sooner than 
the reported delay. Nevertheless, individuals with a clinically suspected chikungunya infection 
presented to the health center at a later date from SOD than that reported when people experi-
enced dengue (1.47 days) or fever (1.96 days) (Elsinga et al., 2015). Therefore, these delays are 
likely to be attributable to lack of timely official information about chikungunya and inadequate 
preparedness by the MoH (Oletta 2016; Grillet et al., 2019). This delay could have played a role 
on disease transmission considering that the reported maximum duration of the intrinsic and 
extrinsic incubation periods of the CHIKV is around three weeks (Chan et al., 2012; David et al., 
2009). Thus, the delay in notification resulted in delays in the implementation of timely con-
trol measures allowing positive CHIKV individuals to be focus of transmission for longer. This is 
reflected on the average number of secondary cases resulting from a primary case (R0) for the 
epidemic (3.7 cases, 95% CI 2.78–4.99) (Lizarazo et al., 2019). Thus, to improve preparedness 
for the upcoming emergence of pathogens in the region, the following should be considered: i) 
to timely inform both health care workers and the community in order to minimize the delay in 
case notification, ii) to implement initiatives that increase the awareness on the population in 
order to speed up the time when people seek medical attention and iii) to implement an active 
vector surveillance in the state. Together, these initiatives will improve informed strategies for 
vector control aiming to stop the transmission chain sooner.

In this study, we did not find significant demographic risk factors linked to acquiring chikun-
gunya. This finding is mainly explained by the lack of immunity against CHIKV which derived in 
no differential infection due to age or gender. Likewise, none of the epidemiological risk factors 
could be significantly linked to CHIK as both negative and positive cases reported the presence 
of several household risk factors such as breeding sites and the presence of the vector at home or 
in the neighborhood. This may indicate that the vector is widespread in the study area. The latter 
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findings agree with previous studies showing that Venezuelan households are highly infested 
with Aedes larvae/pupae with a household index> 20 %, four times higher than what is expected 
under controlled conditions (Grillet & Ventura, 2016). Moreover, a high proportion of the pop-
ulation under study reported behavioral aspects that increase the presence of breeding sites, 
such as water storage at home, water storage in tanks and other containers, which are factors 
also related with dengue hotspot households (Agha et al., 2017; Vincenti-Gonzalez et al., 2017). 
Thus, the spread of either CHIKV or DENV among the population given the distribution of infect-
ed mosquitoes within the reported mosquito flying range of <100 m (Schmid et al., 2011) made 
favorable the concomitant epidemics in time and space. Lastly, under these favorable conditions 
at household level, it seems reasonable to propose that the rapid spread of the emergent CHIKV 
may be also plausibly explained by the movement of infected human hosts as the fast dispersion 
of the disease as reported earlier (>400 m/day) cannot be explained by the mosquito movement 
alone (Lizarazo et al., 2019).

Clinically, the main reported symptoms in our study population were fever (98.9%), rash 
(93.4%), arthralgia (93.8%) and polyarthritis (90.9%). The latter symptoms are concordant with 
the characteristic symptoms of arthritis and arthralgia/joint pain present in >80% of patients 
linked to the Asian genotype of chikungunya during the outbreaks in the Caribbean and South 
America (Sahadeo et al., 2015; Mattar et al., 2015) and similar to reported symptoms during 
the chikungunya epidemics of La Reunion and Italy (Rezza et al., 2007; Borgherini et al., 2007). 
Other likely chikungunya symptoms such as rash, headache and myalgia were reported in the 
range observed in La Reunion (Renault et al., 2007) and considerably higher than in Colombia 
(Mattar et al., 2015). Interestingly, even though the introduction of CHIKV is linked to travelers 
returning from Dominican Republic, clinical symptoms (rash, headache, myalgia) present in our 
population were nearly absent in patients from Dominican Republic (Langsjoen et al., 2016). 
Furthermore, gastrointestinal signs and symptoms (nausea/vomiting, abdominal pain, and hep-
atomegaly) were less prevalent in our population than those reported in La Reunion (Geradin et 
al., 2008) but higher than the frequency of symptoms reported in Singapore by an Asian strain 
(Win et al., 2010; Lee et al., 2012). Furthermore, the overlap in clinical manifestations with den-
gue was substantial, however differences were found. Among the differences, rash, arthralgia, 
myalgia and headache were more likely to appear in chikungunya cases than dengue cases. On 
the other hand, the signs of bleeding were more prevalent in dengue. Yet, several symptoms 
were highly present in both chikungunya and dengue. These similarities could be due to known 
overlap in symptoms of both diseases, nonetheless, in some cases concurrent CHIK and dengue 
infections could also be considered to occur (Ratsitorahina et al., 2006; Chang et al., 2010) and 
to confound the disease development. Our definition of the FRA variable was able to reach better 
discriminatory power to detect chikungunya (PPV=63 %) and achieved similar values of PPV 
as more complex decision tree models reported elsewhere (Lee et al., 2012). The fact that FRA 
variable performed better at detecting chikungunya than dengue makes it useful as both diseas-
es are likely to have an ample geographic overlap as well as shared competent vectors (Staples 
et al., 2009).

Our study data derives from the surveillance system and therefore when the epidemic reached 
higher proportions, the diagnostic was based on clinical criteria alone, leaving us with low num-
ber of confirmed cases. However, despite the inherent limitations of our retrospective study, this 
investigation describes the clinical manifestations, the temporal dynamics of the CHIK epidemic 
in Northern Venezuela during 2014 as well as the description of the spatial distribution of the 
disease cases in a concomitant epidemic with dengue. These results contribute to the knowledge 
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of CHIK and made possible to describe the features of the epidemic that may aid mitigating fu-
ture outbreaks in the region.

CONCLUSION

Our results highlight that the concomitant epidemics of dengue and CHIK depicted similar tem-
poral and spatial dynamics probably defined by mosquito seasonality and heterogeneity. More-
over, a delay up to three weeks in the case reporting prevented to set a containing strategy and 
allowed CHIKV to spread further. Our combined variable FAR can be used as a discriminatory 
tool to guide laboratory testing for CHIK. By improving the time of disease notification, setting 
up a program of active vector control would aid to set earlier preventive measures designed to 
reduce transmission of CHIK virus by the Ae. mosquitoes.
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APPENDIX

CONCOMITANT CHIKUNGUNYA AND DENGUE EPIDEMIC IN CARABOBO STATE, VENEZUELA 
2014: A STUDY ON EPIDEMIOLOGICAL DEVELOPMENT, CLINICAL MANIFESTATIONS AND 
RISK FACTORS.

Table S1. Demographic characteristics of suspected CHIK cases

Table S2. Comorbidities of laboratory-confirmed patients (n=170)

 Total of cases n (%) Crude OR 95% CI P-value  

Age (years) (n=613)      
0-9 73 63 (86.3) 1 - - 
10-24 137 121 (88.3 0.93 0.31 – 2.76 0.580 
25-44 247 226 (91.5) 0.77 0.28 – 2.12 0.615 
45-64 115 104 (90.4) 0.54 0.21 – 1.44 0.218 
65+ 41 35 (85.4) 0.62 0.22 – 1.79 0.375 
Gender (n=613)      
M 203 181 (89.2) 1 - - 
F 410 368 (89.8) 0.939 0.54 – 1.6 0.821 

 

  Total number 
of subjects 

CHIK+ n (%) CHIK- n (%) Crude OR 95% CI P-value 

Hypertension 127 17 (22.7) 12 (23.1) 0.98 0.42 - 2.27 1 
Obesity 114 13 (19.6) 6 (12.5) 1.71 0.60 - 4.90 0.445 
Asthma 126 11 (14.9) 3 (5.8) 2.85 0.75 - 10.78 0.190 
Heart disease 115  7 (10.3) 3 (6.4) 1.68 0.41 - 6.87 0.524* 
Blood disease 110 3 (4.5) 0 (0.0) 0.59 0.50 - 0.69 0.273* 
Renal 
insufficiency 113 3 (4.4) 3 (6.7) 0.65 0.13 - 3.35 0.681* 

Diabetes 124 3 (4.2) 9 (17.3) 0.21 0.05 - 0.81 0.033 
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Table S3. Frequency of clinical manifestations among chikungunya suspected cases.

Figure S1. Cross correlation analysis of CHIK symptoms onset date against CHIK notification date. 
The graph depicts the Lag period (x-axis) were the signals (blue bars) showed the highest correlation 
Lag (weeks were the signals do not overlap) and the red line depicts the lowest p-value (higher sig-
nificance of the test).

 Chikungunya suspected cases (n=443) 

  Total n of FRA-positive cases (%) 

Fever 405 317 (78.3) 
Arthralgia 376 317 (84.3) 
Rash 352 317 (90.1) 
Polyarthritis 249 207 (83.1) 
Fever, rash, arthralgia - - 
Fever, rash, polyarthritis 215 207 (96.3) 
Diarrhea 76 57 (75.0) 
Nausea/vomiting 167 122 (73.1) 
Abdominal pain 98 76 (77.6) 
Hepatomegaly 20 15 (75.0) 
Headache 342 274 (80.1) 
Backache 216 178 (82.4) 
Myalgia 332 276 (83.1) 
Retro-ocular pain 225 180 (80.0) 
Photophobia 34 31 (91.2) 
Sore Throat 80 70 (87.5) 
Mucosal bleeding 26 20 (76.9) 
Cutaneous bleeding (petechiae, bruising) 40 35 (87.5) 
Positive tourniquet test 13 12 (92.3) 
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Figure S2. Cross correlation analysis of temporal overlap on notification of CHIK reported cases 
and dengue positive cases. The graph shows the Lag period (x-axis) were the signals (blue bars) 
showed the highest correlation Lag (weeks were the signals do not overlap), and the red line 
depicts the lowest p-value (higher significance of the test).
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