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RÉSUMÉ

CHIKV re-emerged and caused a large epidemic that affected almost all countries of America and infected nearly 1.7 million of individuals over two years [START_REF] Kuno | A Re-Examination of the History of Etiologic Confusion between Dengue and Chikungunya[END_REF][START_REF] Halstead | Reappearance of Chikungunya, Formerly Called Dengue, in the Americas[END_REF][START_REF]Chikungunya virus | CDC[END_REF][START_REF] Weaver | Chikungunya Virus and the Global Spread of a Mosquito-Borne Disease[END_REF]. In French Guiana CHIKV only affected 6-7% of the population (versus 34% in Martinique for instance) [START_REF] Invs | Surveillance du chikungunya -Bulletin bimestriel[END_REF]. The distribution of both viruses is similar because of their common vectors, mainly Aedes aegypti and Aedes albopictus [START_REF] Vega-Rúa | Chikungunya Virus Transmission Potential by Local Aedes Mosquitoes in the Americas and Europe[END_REF]. Ae. aegypti mosquitoes have so far been the sole vectors implicated in these outbreaks and Ae. albopictus have not been reported in French Guiana [START_REF] Vega-Rúa | Chikungunya Virus Transmission Potential by Local Aedes Mosquitoes in the Americas and Europe[END_REF]. These two arboviruses are characterized by a so-called nonspecific "dengue-like syndrome" (fever, headache, and muscle pain) making clinical differential diagnosis of CHIKV and DENV difficult [START_REF] Nkoghe | No clinical or biological difference between Chikungunya and Dengue Fever during the 2010 Gabonese outbreak[END_REF].

The hemorrhagic risk and the severe presentations associated with DENV justifies an immediate biological assessment and a clinical follow-up, even in the absence of clinical warning signs. However, the biological assessment and clinical follow-up may be postponed for CHIKV, particularly in the context of a CHIKV outbreak in an endemic area for DENV.

Objectives

The main objective of the study was to compare the epidemiological, clinical, and biological characteristics which would help differentiate patients infected with CHIKV or DENV at the first medical consultation. The secondary objective was to compute a predictive score to differentiate DENV from CHIKV infection.

Study design

A monocenter retrospective case-control study was conducted to compare a group of patients infected with CHIKV with a group infected with DENV. This study was performed in the hospital of Cayenne, the main city and the main hospital in French Guiana.

Inclusion criteria of participants presenting with chikungunya fever

Retrospectively, all patients diagnosed and/or treated at the hospital for chikungunya from April to June 2014 (i.e., the first months of the outbreak) constituted our case group. A case of CHIKV infection was defined as a clinical presentation suggestive of an arbovirus infection [START_REF] Simmons | Dengue[END_REF] and a microbiological diagnosis of acute CHIKV infection diagnosed by RT-PCR. All patients underwent medical consultation at the hospital, in the emergency department or infectious diseases department, with an initial standard infectious biological assessment including CHIKV RT-PCR, DENV diagnostic test (NS1 antigen and IgM), thin and thick blood smear for malaria, and standard blood tests at the physician's discretion. Nucleic acid was extracted from serum using a MagNA Pure LC total nucleic acid isolation kit and a MagNA Pure LC2.0 instrument (Roche). Real time RT-PCR amplification was performed with the RealStar ® Chikungunya RT-PCR kit 1.0 (CE-IVD marking) (Altona Diagnostics) and a thermocycler 7500 Applied Biosystem. Qualitative detection of dengue virus NS1 antigen was performed in serum by enzyme immunoassay with Platelia ™ dengue NS1 Ag kit (Biorad). All biological tests were performed at the hospital laboratory.

Inclusion criteria of participants presenting with dengue fever

A retrospective collection was then performed to create a control group of patients presenting with acute DENV infection. The group was exhaustively made of patients presenting with a compatible clinical picture of arbovirus infection [START_REF] Simmons | Dengue[END_REF] and a positive NS1 antigen test at the Cayenne hospital laboratory from March to August 2013 during a DENV outbreak (mainly DENV2). The NS1 test has been historically used at the hospital and we could not perform the DENV PCR.

Exclusion criteria

The exclusion criteria were age under 15 years, ongoing pregnancy, and/or incomplete medical records. Children and pregnant women were monitored in the departments of pediatrics and gynecology-obstetrics respectively, and thus did not allow for a uniform data collection.

Data collection and statistical methods

The epidemiological, clinical, and biological data was collected from computerized medical records: the emergency medical record (DMUnet ® ), the common medical record (Cora ® ), and the biological medical software (SRI ® ). A clinical variable not reported in the chart was considered negative. The first day of fever was defined as the first day of the disease.

The clinical and biological characteristics of the groups were compared at the first consultation using a chi-square test, Student's t test for the normally distributed quantitative variables, or the non-parametric Mann-Whitney test for the other continuous variables.

Variables were considered significant with p<0.05.

Unconditional multiple logistic regression was used to compute a predictive score with high sensitivity for identifying probable DENV versus CHIKV infection. The most relevant clinical variables with a significance level of less than 0.2 were selected and included in the multivariate model. Nonspecific or inconsistently reported variables in initial medical charts were considered unreliable and were excluded. A step-by-step backward elimination procedure was used starting with variables with the highest p value. The predictive score was computed using the β-coefficients resulting from the multivariate analysis. We used 3,500 bootstrapped replications to obtain robust estimates. We then evaluated the value of our model by estimating the area under the ROC (receiver operating characteristic) curve and by calculating the sensitivity and specificity scores of each result to evaluate the performance of the test. We also computed a goodness of fit test to compare the observed sample distribution.

The data was anonymously collected on Microsoft Access 2010 ® and analyzed on Stata 12.0 ® .

Ethical consideration

The present monocenter study included anonymized patient records (the database did not include names or any variable that could lead to the identification of patients) as authorized by the French regulatory authorities. The database was declared to the French Data Protection Authority (French acronym CNIL) (no. TFN1490159N) as per French legal requirements.

Results

A total of 620 patients were selected for the study: 168 patients for the CHIKV group and 452 patients for the DENV group (Figure 1). No CHIKV-DENV co-infection was identified during the CHIKV epidemic nor was co-infection with malaria identified. The male-to-female sex ratio was equal in both groups at ~1/1. The study population was significantly older in the CHIKV group and had more comorbid conditions. The time between symptom onset and the first consultation was shorter in the CHIKV group. At the end of this consultation 8.3% of CHIKV patients were hospitalized versus 35.2% of patients in the DENV group (p<0.001).

The significant variables associated with CHIKV were joint and back pains and those associated with DENV were diarrhea, abdominal pain, and neurological signs (Table 1). No CHIKV patient had severe hemorrhagic presentations, only 1.2% had minor hemorrhage (epistaxis or gingival hemorrhage) versus 15.9% for the DENV group (OR 0.06 [0.01-0.25] p<0.001). Of the 14 hospitalized CHIKV patients, four were considered as having an atypical or severe presentation (two had uncontrolled pain and two had concomitant pancreatitis or cholecystitis). Nine DENV patients were classified group C (severe dengue): three for severe plasma leakage, three for severe bleeding (spleen rupture, psoas hematoma, and extensive purpura), and three for severe organ impairment. DENV patients had a more frequent rash at the time of their first consultation but the CHIKV group had more frequent pruritus in particular without rash (OR 7.5 [3.1-20.0] p<0.001). More than 25% of skin presentations observed in patients of the DENV group occurred after the first consultation versus 4.2% for CHIKV patients.

CHIKV was significantly associated with CRP >30 mg/l. The variables most often associated with DENV were thrombocytopenia <150 G/l, neutropenia <1,500/mm 3 , lymphopenia <500/mm 3 , and transaminase level twice higher than the normal value (Table 2). In the DENV group 35.9% of patients with hemorrhagic signs had a platelet count <100 G/l versus 13.4% of patients in the CHIKV group (OR 3.62 [2.14-6.1] p<0.001).

Eleven clinical variables were included in the multivariate model: headache, joint pain, muscle pain, back pains, abdominal pain, nausea and/or vomiting, food intolerance (repeated vomiting), diarrhea, cutaneous signs without pruritus, hemorrhagic signs, and neurological signs. The variables independently associated with CHIKV in the multivariate analysis were joint and back pains, and those associated with DENV were headache, muscle pain, nausea/vomiting, diarrhea, and hemorrhagic signs (Table 3). Positive β coefficients were in favor of CHIKV infection and negative coefficients in favor of DENV infection. Records with at least one missing value were removed from the model. Tested on our groups, the ROC curve showed an area under the curve (AUC) of 0.96. The correlation coefficient between CHIKV and DENV was 70.71 (p=0.65; Pearson's goodness of fit). The predictive score was tested using the demonstrated diagnosis of each patient to obtain a sensitivity and specificity of different score values (Figure 2). The cut-off allowing the interpretation of results was chosen according to our initial objectives: the most interesting cut-off was a very high sensitivity for DENV, in order to avoid missing a case of DENV during an ongoing outbreak of CHIKV as DENV could be more severe. The chosen cut-off was 2. A score ≤2 had a sensitivity of 98% for DENV and a specificity of 63%, with a false negative number of 11 in 452 DENV patients tested (2.4%).

Discussion

Over a four-year period, Latin America and French Guiana in particular, have faced three successive epidemics of different arboviruses (DENV 2012-2013, CHIKV 2014-2015, and Zika virus [ZIKV] 2015-2016), not to mention the yellow fever virus in Brazil in 2017. Two of these viruses had never been recorded on the continent for at least one century, i.e. CHIKV and ZIKV [START_REF] Carey | Chikungunya and dengue: a case of mistaken identity?[END_REF]. Over the past 10 years an increase in the number of DENV outbreaks has also been observed, with more cases and more severe cases [START_REF] Simmons | Dengue[END_REF]. New risks include the creation of an endemic CHIKV cycle [START_REF] Lourenço-De-Oliveira | High risk for chikungunya virus to initiate an enzootic sylvatic cycle in the tropical Americas[END_REF], new epidemics of CHIKV via an ECSA (East, Central and South African lineage) or IOL (Indian Ocean lineage) genotype, the spread of Ae. albopictus in the territory, or the emergence of new arboviruses [START_REF] Vega-Rúa | High Level of Vector Competence of Aedes aegypti and Aedes albopictus from Ten American Countries as a Crucial Factor in the Spread of Chikungunya Virus[END_REF]. A mutation of CHIKV, making transmission by Ae. albopictus possible, occurred independently on at least four separate occasions on Reunion Island (2004/2005) and India (2008) for the IOL (Indian Ocean lineage), and in Cameroon (2006) and Gabon (2007) for the Central African lineage (ECSA) [START_REF] Vazeille | Importance of mosquito "quasispecies" in selecting an epidemic arthropod-borne virus[END_REF]. There is growing evidence that, during the last IOL and ECSA outbreaks, this latter mosquito seemed to transmit CHIKV more efficiently than Ae. aegypti [START_REF] Vega-Rúa | High Level of Vector Competence of Aedes aegypti and Aedes albopictus from Ten American Countries as a Crucial Factor in the Spread of Chikungunya Virus[END_REF][START_REF] Vazeille | Importance of mosquito "quasispecies" in selecting an epidemic arthropod-borne virus[END_REF][START_REF] Vazeille | Orally Co-Infected Aedes albopictus from La Reunion Island, Indian Ocean, Can Deliver Both Dengue and Chikungunya Infectious Viral Particles in Their Saliva[END_REF]. This is particularly important as Ae. albopictus occurs in more temperate areas and the risk of CHIKV and DENV outbreaks emerging in Western Europe is increasing every year [START_REF] Kraemer | The global distribution of the arbovirus vectors Aedes aegypti and Ae. albopictus[END_REF][START_REF]Chikungunya -Italy[END_REF]. The present study is the largest ever performed comparing clinical features of CHIKV and DENV infections. We identified seven published studies comparing CHIKV and DENV [START_REF] Nkoghe | No clinical or biological difference between Chikungunya and Dengue Fever during the 2010 Gabonese outbreak[END_REF][START_REF] Kularatne | Concurrent outbreaks of Chikungunya and Dengue fever in Kandy, Sri Lanka, 2006-07: a comparative analysis of clinical and laboratory features[END_REF][START_REF] Velasco | Chikungunya Virus Infections Among Patients with Dengue-Like Illness at a Tertiary Care Hospital in the Philippines, 2012-2013[END_REF][START_REF] Lee | Simple Clinical and Laboratory Predictors of Chikungunya versus Dengue Infections in Adults[END_REF][START_REF] Sahadeo | Molecular Characterisation of Chikungunya Virus Infections in Trinidad and Comparison of Clinical and Laboratory Features with Dengue and Other Acute Febrile Cases[END_REF][START_REF] Hochedez | Management of Travelers with Fever and Exanthema, Notably Dengue and Chikungunya Infections[END_REF][START_REF] Zim | Chikungunya infection in Malaysia: Comparison with dengue infection in adults and predictors of persistent arthralgia[END_REF]. Most studies included less than 50 patients; results were therefore not very informative. The only two studies with large samples reported very different results. A 2010 study performed in Gabon concluded that the two infections were clinically indistinguishable, unlike the conclusion of a 2008 study performed in Singapore [START_REF] Nkoghe | No clinical or biological difference between Chikungunya and Dengue Fever during the 2010 Gabonese outbreak[END_REF][START_REF] Lee | Simple Clinical and Laboratory Predictors of Chikungunya versus Dengue Infections in Adults[END_REF].

Patients who consulted during the CHIKV epidemic were on average 10 years older than DENV patients, as already mentioned in other studies [START_REF] Kularatne | Concurrent outbreaks of Chikungunya and Dengue fever in Kandy, Sri Lanka, 2006-07: a comparative analysis of clinical and laboratory features[END_REF][START_REF] Lee | Simple Clinical and Laboratory Predictors of Chikungunya versus Dengue Infections in Adults[END_REF][START_REF] Zim | Chikungunya infection in Malaysia: Comparison with dengue infection in adults and predictors of persistent arthralgia[END_REF]. Dengue fever is endemic in French Guiana. As immunity increases with age, the virus targets a younger and less immune population [START_REF] Dhar-Chowdhury | Dengue seroprevalence, seroconversion and risk factors in Dhaka, Bangladesh[END_REF]. Several studies reported a lower sensitivity rate with NS1 test in acute secondary dengue than in acute primary dengue. The NS1 test is therefore more likely to diagnose acute primary dengue and select a younger population [START_REF] Kumarasamy | Evaluating the sensitivity of a commercial dengue NS1 antigen-capture ELISA for early diagnosis of acute dengue virus infection[END_REF]. On the contrary, during the CHIKV epidemic the population was not previously immunized, and people of the extreme ages were naturally more affected. Patients consulted earlier during the CHIKV epidemic than the DENV epidemic because of greater concern, severe symptoms, a source of epidemic near the hospital, and pressure of health authorities and the media. At the beginning of the epidemic, CHIKV was assumed to be more serious than DENV in the public imagination [START_REF] Fritzell | Knowledge, Attitude and Practices of Vector-Borne Disease Prevention during the Emergence of a New Arbovirus: Implications for the Control of Chikungunya Virus in French Guiana[END_REF]. The vision of saturated hospitals and chronic presentations strongly encouraged patients to consult earlier, at least at the beginning of the epidemic. It should also be noted that the outbreak started close to the hospital (unpublished data) and that emergency departments were the primary access to care for many patients. Its proximity thus made it easier for patients to consult.

The choice of the cut-off made it possible to obtain a very sensitive clinical score to differentiate DENV from CHIKV. A score between -9 and +2 was in favor of DENV and between +3 and +6 in favor of CHIKV. The presence of arthritis was indicative of CHIKV infection (Table 4). The use of the score requires two prerequisites: an epidemic context with a circulation of both viruses and patients with dengue-like syndrome. Detection of dengue cases is essential in endemic areas. Several scores have been published. For instance one has been built to differentiate dengue from other febrile illnesses [START_REF] Fernández | A predictive model to differentiate dengue from other febrile illness[END_REF]. Most clinical symptoms are based on hemorrhagic signs which are not always observed, e.g. only 26.3% of our DENV patients presented with clinical symptoms during the consultation. Our score used nonspecific signs which were not associated with the physician's experience or with subjective judgement. Considering the potentially severe complications of DENV -less frequently observed with CHIKV -, the score model was built to obtain a very high sensitivity to DENV, at the expense of its specificity. Differentiating DENV in the context of a CHIKV epidemic will allow for the better management of patients and will help decide on criteria for monitoring, hospitalization, and/or blood tests. The need for a systematic biological check-up in patients presenting with CHIKV infection can be questioned considering the cost and low benefit provided by the medical care. On the other hand, DENV involves clinical and biological monitoring and a particularly careful search for warning signs [START_REF]Special Programme for Research and Training in Tropical Diseases, World Health Organization, editors. Dengue: guidelines for diagnosis, treatment, prevention, and control[END_REF]. However, this score should be externally validated in other sites to ensure its robustness.

Due to the retrospective nature of the study, the exhaustiveness of the clinical picture and anamnesis was variable. To limit biases, files with missing data were not included and unreliable variables were not used in the diagnostic score, such as asthenia, anorexia, or retroorbital pain, as they mainly depend on the physician's judgement in retrospective analyses.

The CHIKV study was performed at the beginning of the epidemic, at a time when the epidemic was predominantly affecting the Cayenne area. Patients were frightened by this new virus and were mainly seen at the emergency department [START_REF] Fritzell | Knowledge, Attitude and Practices of Vector-Borne Disease Prevention during the Emergence of a New Arbovirus: Implications for the Control of Chikungunya Virus in French Guiana[END_REF]. We were not able to assess prior dengue exposure because (i) anti-DENV IgG tests were not performed in our study, (ii) the question regarding previous DENV infections was asked to patients, but anamnesis alone is not very reliable because of potential differential diagnoses. Patients are usually selected in studies using dengue PCR [START_REF] Barkham | The performance of RT-PCR compared with a rapid serological assay for acute dengue fever in a diagnostic laboratory[END_REF] but since 2006 the Cayenne hospital uses a rapid diagnostic test to diagnose dengue. The sensitivity of that test has been demonstrated on several occasions on a regional and international scale [START_REF] Dussart | Evaluation of an Enzyme Immunoassay for Detection of Dengue Virus NS1 Antigen in Human Serum[END_REF][START_REF] Epelboin | Discriminating Malaria from Dengue Fever in Endemic Areas: Clinical and Biological Criteria, Prognostic Score and Utility of the C-Reactive Protein: A Retrospective Matched-Pair Study in French Guiana[END_REF][START_REF] Ahmed | Comparison of NS1 antigen detection ELISA, real time RT-PCR and virus isolation for rapid diagnosis of dengue infection in acute phase[END_REF][START_REF] Anand | Evaluation of NS1 Antigen Detection for Early Diagnosis of Dengue in a Tertiary Hospital in Southern India[END_REF].

These two infections have a similar clinical presentation but the use of the proposed clinical score during the acute phase of the disease would make it possible to identify cases of DENV during a CHIKV outbreak to implement adequate patient management. The study, despite its limitations, has large samples and provides consistent results. Another outbreak would allow for an external validation to consolidate the use of the score. 

Objectifs.

  Les virus du chikungunya (CHIKV) et de la dengue (DENV) sont deux arbovirus à fort potentiel épidémique avec une présentation clinique similaire. Le risque potentiellement mortel associé à DENV justifie une évaluation biologique immédiate et un suivi médical, qui peuvent être retardés en cas d'infection par CHIKV. L'objectif de l'étude était de comparer les variables cliniques qui permettraient de différencier un patient infecté par le CHIKV ou le DENV puis de réaliser un score prédictif. Patients et méthode. Étude cas-témoins rétrospective comparant des patients infectés par CHIKV diagnostiqués par RT-PCR en 2014 à des patients infectés par DENV diagnostiqués par antigène NS1 positif en 2013. Les enfants < 15 ans et les femmes enceintes ont été exclus. Les variables cliniques et biologiques ont été comparées et une analyse multivariée a été réalisée. Un score clinique a été construit à partir des coefficients β pour différencier les deux infections. Résultats. 168 patients infectés par CHIKV ont été comparés à 452 patients atteints par DENV. Les variables cliniques associées à CHIKV étaient la présence d'arthralgies et rachialgies, et celles associées au DENV étaient céphalées, myalgies, nausées/vomissements, diarrhées et signes hémorragiques. Le score clinique avait une sensibilité de 98 % pour le DENV et une courbe ROC de 0,96. Conclusions. Ces deux infections ont une présentation clinique similaire mais l'utilisation du score clinique proposé durant la phase aiguë de la maladie permettrait d'identifier les cas de DENV lors d'une épidémie de CHIKV pour proposer une prise en charge adéquate. Background French Guiana is a French overseas territory located on the Northeastern coast of South America. Because of its geographical location, it is exposed to tropical diseases while benefiting from health facilities with European standards. Chikungunya virus (CHIKV) and dengue fever virus (DENV) are two arboviruses with high epidemic potential. Both of these viruses have been circulating in French Guiana since 2014. The four serotypes of DENV circulate in an endemic-epidemic form and the last 2012-2013 outbreak affected nearly 6% of the population. The first local transmission of CHIKV was identified in December 2013.
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 2 Figure 2. Courbes de sensibilité et spécificité en fonction des résultats possibles du score
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 1 Comparison of the demographical and clinical variables in the univariate analysis between CHIKV and DENV groups

	1

† Neurological signs: collapse, confusion, and encephalitis

Table 2 .

 2 Comparison of the biological variables in the univariate analysis between CHIKV

	and DENV groups				
	Tableau 2. Comparaison en analyse univariée des variables biologiques entre les groupes
	CHIKV et DENV				
		CHIKV	DENV		
	Variables	no. positive / no. tested	no. positive / no. tested	OR (95% CI)	p
		(%)	(%)		
	Platelet count <150 G/l	18/153 (11.8)	200/445 (44.9)	0.16 (0.09 -0.28)	<0.001
	Neutrophil count <1,500 /mm 3	10/152 (6.6)	86/444 (19.4)	0.29 (0.13 -0.59)	<0.001
	Lymphocyte count <500/mm 3	20/152 (13.1)	138/440 (31.4)	0.33 (0.19 -0.56)	<0.001
	CRP* >30 mg/l	43/148 (29.1)	72/432 (16.7)	2.05 (1.29 -3.23)	0.001
	AST ** >2N †	12/109 (11.0)	91/385 (23.6)	0.40 (0.19-0.77) 0.004
	ALT ** >2N †	10/126 (7.9)	85/421 (20.2)	0.34 (0.15-0.69) 0.001
	Creatinine >115 µmol/l	13/144 (9.0)	23/437 (5.3)	1.78 (0.81-3.80)	0.10

* C-reactive protein, ** aspartate transaminase (AST) and alanine transaminase (ALT) † 2-fold increase as compared with baseline

Table 3 .

 3 Logistic regression of clinical variables and β coefficients in the multivariate analysis (Bootstrap x 3500) Tableau 3. Analyse multivariée en régression logistique des variables cliniques avec β

	coefficients (Bootstrap x 3500)			
	Variables	Univariate analysis OR (95% CI)	Multivariate analysis with bootstrap procedure β coefficients Predictive OR (95% CI) score
	Headache	0.30 (0.20-0.45)	-0.86	0.42 (0.20-0.92)	-1
	Joint pain	66.4 (34.4 -136.8)	4.7	106.8 (38.5-	+5
				295.9)	
	Muscle pain	0.39 (0.46 -0.70)	-2.1	0.13 (0.04-0.37)	-2
	Back pain	3.08 (2.08-4.55)	0.74	2.09 (1.01-4.31)	+1
	Nausea and/or	0.27 (0.18 -0.41)	-1.2	0.31 (0.16-0.60)	-1
	vomiting				
	Diarrhea	0.18 (0.08 -0.37)	-1.5	0.21 (0.07-0.63)	-2
	Hemorrhagic	0.03 (0.004 -0.13)	-3.4	0.04 (0.01-0.13)	-3
	signs				

Table 4 .

 4 Clinical score predictive of dengue virus infection vs. chikungunya. Score clinique prédictif d'une infection par le virus de la dengue vs. chikungunya.

	Tableau 4. SCORE	
	Headache	-1
	Joint pain	+ 5
	Muscle pain	-2
	Back pain	+ 1
	Nausea and/or vomiting	-1
	Diarrhea	-2
	Hemorrhagic sign	-3
	-9 to +2:	

DENV infection +3 to +6: CHIKV infection If arthritis: CHIKV infection
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