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Abstract

:

Chikungunya (CHIK) is a re-emerging viral infection endemic in tropical and subtropical areas. While the typical clinical presentation is an acute febrile syndrome, long-term articular complications and even death can occur. This review characterizes the global epidemiological and economic burden of chikungunya. The search included studies published from 2007 to 2022 in MEDLINE, Embase, LILACS, and SciELO for a thorough evaluation of the literature. Rayyan software was used for data analysis, and data were summarized descriptively and reported following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Seventy-six publications were included. Chikungunya is widely distributed in the tropics, including Africa, Asia, South America, and Oceania/the Pacific Islands, and co-circulates with other simultaneous arboviruses such as DENV, ZIKV, and YFV. Chikungunya infection can lead to chronic articular manifestations with a significant impact on the quality of life in the long term. In addition, it generates absenteeism and economic and social losses and can cause fatal infections in vulnerable populations, mainly in high-risk patients with co-morbidities and at the extremes of age. Reported costs associated with CHIKV diseases are substantial and vary by region, age group, and public/private delivery of healthcare services. The chikungunya disease burden includes chronicity, severe infections, increased hospitalization risks, and associated mortality. The disease can impact the economy in several spheres, significantly affecting the health system and national economies. Understanding and measuring the full impact of this re-emerging disease is essential.
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1. Introduction


Chikungunya is a re-emerging acute viral infection characterized by fever; intense arthralgia, which can progress to systemic complications and death; and common musculoskeletal manifestations. It can progress to long-term chronic conditions with sequelae [1,2,3,4]. The Chikungunya virus (CHIKV) belongs to the Alphavirus genus within the Togaviridae family. Transmission to humans usually occurs through the bite of an infected mosquito, mainly Aedes aegypti and Aedes albopictus [5,6,7]. Genetic analyses of strains have identified three main distinct lineages of CHIKV: the West African lineage, the East/Central/South African (ECSA) lineage, and the Asian lineage [5].



From the first reported cases in 1952 in Tanzania to 2021, CHIKV infection has been detected in more than 100 countries, and millions of cases have been reported worldwide [5,6,8,9]. Since the resurgence of the virus in 2004, more than 70 epidemics and sporadic outbreaks of CHIKV have been reported in different parts of the world, mainly in Africa, Asia, and regions of the Pacific Ocean. In the Western Hemisphere, the first infection was reported in 2013 on the island of Saint Martin, with rapid diffusion to other Caribbean islands, reaching 45 countries in the Americas by 2015 [4,7,10]. Outbreaks or locally acquired cases in non-dengue-endemic areas have also been reported, and the virus represents a public health concern for Ae. Albopictus-colonized areas such as many European countries [11,12].



Recent studies suggest that the impact of the chikungunya disease is exceptionally high, leading to absenteeism and economic costs, mainly due to its extraordinary epidemic potential and associated joint pain, which can be severe and disabling [13,14,15]. Moreover, CHIKV represents a serious public health threat to non-endemic areas where competent Aedes vectors are established. However, despite the relevance and the proven re-emergence of CHIK, few studies have assessed the economic impact of this disease.



This systematic review aimed to assess current evidence regarding the quality of life impact, economic burden, and mortality associated with CHIKV infections. The epidemiology, pertaining to outbreaks and the spread of the disease across the globe, is also addressed.




2. Materials and Methods


2.1. Study Design, Search Strategy, and Article Selection


The review was conducted according to the Cochrane Handbook for Systematic Reviews and the PRISMA guidelines [16,17]. The search included all original studies published in English, Spanish, or Portuguese, from 2007 to 2022, in the following databases: MEDLINE® (via PubMed), Embase, LILACS, and SciELO. We used the following search terms, their equivalents in Portuguese and Spanish, and their combinations: “Chikungunya”, “Cross-Sectional Studies”, “Cohort Studies”, “Morbidity”, “Mortality”, “Disability-Adjusted Life Years”, “Seroepidemiologic Studies”, “Cost of Illness”, “Cost Allocation”, “Health Care Costs”, “Drug Costs”, “Direct Service Costs”, “Hospital Costs”, “Cost Efficiency Analysis”, “Cost-Benefit Analysis”, and “Cost Analysis”. This systematic review was registered on PROSPERO (International Prospective Register of Systematic Reviews) with registration number CRD42022350256, and the search strategy is detailed in the Supplementary Materials (Table S1).




2.2. Eligibility Criteria and Study Selection


Studies were included in the review if they reported the following primary outcomes: (1) epidemiological data on chikungunya, such as prevalence, incidence, and seroprevalence, or information on the severity of chikungunya (morbidity, mortality, and hospitalization); (2) disease cost and economic burden of chikungunya for patients and health services and/or social factors, such as direct medical costs, direct non-medical costs, and indirect social costs. We considered studies describing CHIKV infection in all age groups.



We searched for randomized and non-randomized controlled study designs, non-randomized controlled trials, cohort studies, case-control studies, cross-sectional studies, outbreak reports, genomic studies, systematic literature reviews if a meta-analysis was included, and cost of illness or disease burden studies. Case reports and reviews were used as sources of references only. Publications that did not clearly describe the methods and sources for data collection and analysis, in vitro studies, studies providing non-human data, studies focusing exclusively on imported cases of chikungunya, cost-effectiveness models, clinical trials that did not report baseline and/or analyze placebo/control outcomes, and news and opinion articles were not considered for the systematic review. A free reference manager software, Mendeley (https://www.mendeley.com (accessed on 21 December 2022)), and the website Rayyan (http://rayyan.qcri.org (accessed on 26 July 2022)) was used to sort the articles, accounting for duplicates, the organization of references, practicality, and time optimization. The full text of the selected studies in the screening was recovered.




2.3. Data Extraction and Synthesis


Two review authors independently read titles and abstracts and excluded articles with irrelevant titles or abstracts from further analysis (having identified the clear exclusion of features). The articles selected by each reviewer were compared, and disagreements were resolved through consensus or consultation with a third investigator. After reading the full articles, the reviewers made a final selection based on exclusion criteria. At this stage, disagreements were resolved by consensus or consultation with a third reviewer. Finally, the selected review articles’ references were examined to find additional potentially eligible studies not identified in the database searches. The author names, language, study setting, year, study population, research design, objectives, and main results of the selected articles were organized in tables. The data were summarized based on the region and population’s key characteristics and findings.




2.4. Quality Assessment


The quality of individual articles was assessed based on the application of standardized checklists for each selected article [18]. Two independent reviewers evaluated the study’s risk of bias and quality using: (1) the Newcastle–Ottawa Scale for observational studies, including cohort and case-control studies [19]; (2) the Joanna Briggs Institute (JBI) Critical Appraisal Checklist for analytical cross-sectional studies [20]; (3) the Consolidated Health Economic Evaluation Reporting Standards (CHEERS) statement for health economic evaluation and cost studies [21]; and (4) A Measurement Tool to Assess Systematic Reviews 2 (AMSTAR-2) for systematic reviews and meta-analysis studies [22].





3. Results


The systematic review began in July 2022 in the MEDLINE (via Pubmed), Embase, LILACS, and SciELO databases and found 7601 references. After the removal of duplicates, 5137 references remained. Of these, 166 were selected initially by title and abstract. After analyzing full texts, 76 articles were selected according to established inclusion criteria (Figure 1).



Out of the 76 articles included in the review, 66 (87%) were original research articles, 6 (7.8%) were review articles, and 4 (5.2%) were short communications. Most articles were written in English (n = 72; 93.5%), while only two (2.6%) were written in Portuguese and three (3.9%) in Spanish. Among the selected articles, 64 (83.1%) were epidemiological studies (51 cross-sectional studies, five prospective cohort studies, two retrospective cohort studies, one cross-sectional followed by a prospective clinical cohort study, and five systematic reviews with meta-analysis), and 12 were economic evaluation studies. Most studies were published between 2016 and 2021 (Figure 2) and performed in Asia, Africa, and South America; more specifically, in India, Brazil, La Réunion Island, and Colombia. The detailed extraction of articles is presented in a cell format, and the consensus results of the risk of bias assessment for epidemiology and cost studies are displayed in tables (Supplementary Materials Tables S2 and S3, respectively).



3.1. Regional Epidemiology


3.1.1. Africa


Twenty articles reporting CHIKV seroprevalence in Africa were included. The most frequently mentioned countries were La Réunion, Tanzania, Kenya, and Nigeria.



The first cases of chikungunya were reported on the Réunion Islands, in the African region, with seven articles included in the review overall. The surveillance system estimated 244,000 cases of CHIKV infection between March 2005 and April 2006, with an overall attack rate of 35%. Nearly every case reported by sentinel physicians was accompanied by fever (96.3%) and joint pain (96.6%). In addition, 203 death certificates indicating CHIKV infection were obtained, with a median age of 79 [23]. After 2005, the virus spread further, affecting nearby countries. Studies in African regions showed a current prevalence between 30 and 70% [24,25,26,27,28,29,30,31,32,33,34,35].



In a study in the Mayotte archipelago, the seroprevalence was 37.2% [25]. Nearby, on Comore Island, the seropositivity was 68% (139 of 204) [26]. The same authors also investigated another island in Kenya; among 288 serum samples tested, 75% were positive for antibodies against CHIKV [27]. In another study in the same country, the seroprevalence was 34% [28].



In the Republic of Congo, 178 out of 517 blood donors (34.4%) tested positive for IgG anti-CHIKV [29]. A seroprevalence of 43.6% was found in Ethiopia [30]. In turn, studies in Mozambique showed a seroprevalence of 28.6% (112/392) for anti-CHIKV IgG [31]. An extensive meta-analysis, including cross-sectional studies conducted in Nigeria, identified a pooled anti-CHIKV IgM and IgG seroprevalence of 26.7% and 29.3%, respectively (n = 1347) [32]. In another Alphavirus and Flavivirus seroprevalence survey conducted in 2022 in Nigeria, 290 (41.3%) of the 701 samples tested were seropositive for CHIKV [33].



In Tanzania, different cross-sectional studies revealed an increased seroprevalence over time. The seroprevalence raised from 7.9% [34] in 2012 to 14% in 2018 [35] and 28% in 2021, with even greater differences between some districts, reaching 46% in the case of Buhigwe [24].



Significant differences in seroprevalence were observed according to gender. Females were more likely to be affected, with odds ranging from 1.45 to 1.87 (95% CI 1.07–2.38, p < 0.0001) [25,26,30,32]. Interestingly, low educational attainment was also associated with a higher risk of CHIKV exposure, with odds ranging from 1.68 to 2.74 (95% CI 1.06–3.95, p < 0.0001) [25,28,32].



The higher the age, the higher the exposure, with an odds ratio of 2.15 (p < 0.001, 95% CI: 1.33–3.45) among adults [33]. Moreover, in the study of Endale et al. (2020), the seroprevalence was 53.5% among the 36–55 age group (OR = 5.37, 95% CI, 1.44–20.03) [30]. However, two studies found higher exposure in younger patients, such as the 1- to 4-year-old group [34,35].



In a study with an emphasis on rheumatic symptoms, the most frequently reported symptoms were polyarthralgia (99%), muscular pain (93%), backache (86%), and abrupt-onset fever (85%) [25].



Since long-term symptoms have been described, Schilte et al. (2013) followed 190 patients for 36 months and found that arthralgia was intermittent in 25–40% of the patients. Just 31% fully recovered from acute symptoms. Arthralgia (usually symmetrical) caused stiffness in 75.5% of patients. Local swelling, cutaneous symptoms, myalgia, and osteoligamentous pain also occurred. Soumahoro et al. (2009) and Gérardin et al. (2011) paired positive and negative chikungunya cases to identify factors that worsened the disease or caused sequelae. The CHIKV seropositive subjects under 30 reported faster recovery than the older subjects, and these patients reported more fatigue, light cerebral disorders, and sensorineural impairment than CHIKV-seronegative peers. Attention, memory, mood, sleep, and depression were the light cerebral disorders most linked to CHIKV infection [36,37,38].



Some cases of CHIKV infection can be more severe and require hospitalization. In the study of Sergon et al. (2007), 79% of the cases were hospitalized or stayed at home in bed for a mean of 6 days (range 1–30 days), and 52% missed work or school for a mean of 7 days (range 1–40 days). Importantly, patients with severe CHIKV who required hospitalization or life support were those who had comorbidities such as hypertension, diabetes mellitus, cardiovascular diseases, and neurological disorders. Many of them needed intensive care. Age was one of the major risk factors associated with higher-severity cases [39].



Several attempts have been made to assess pain and the extent to which it impacted patients’ lives, both in acute and chronic phases. In the study by Andrade et al. (2010), the mean pain intensity on the visual analog scale (VAS) was 5.8 ± 2.1, and its duration was 89 ± 2 days. According to the DN4 questionnaire, many patients reported chronic and neuropathic pain features. These patients experienced more interference in daily life and provided low scores on the affective and social levels. The worst score was found in patients aged 30 to 59 and females [37].




3.1.2. Asia


The highest number of articles were published in Asia, with the vast majority in India (12 articles), followed by Pakistan, Thailand, and Bangladesh. Among these countries, we found different seroprevalences, with 5.93% in Malaysia [40]; 18–29% in Bangladesh [41,42]; 18–36% in India [43,44,45]; 34% in Myanmar; 71% in Thailand (1295 reagents from the 1806 samples tested) [46]; and 80% in Bangladesh [41]. Studies that compared prevalence over time observed increases. For example, the study by Aubry et al. (2020) in Fiji found that the prevalence increased from 0.9% (95% CI 0.2–2.6%) in 2015 to 12.8% (95% CI 9.4–17%) in 2017 [47]. Asymptomatic infections were only reported in the study of Dutta et al. (2019), accounting for 17.86% of the cases [48].



Males were more likely to be CHIK-seropositive in Malaysia [40]. This was also found by Hossain et al. [42] in Bangladesh; Barr [49] and Badar et al. [50] in Pakistan; Dutta et al. [48], Joshi et al. [51], and Chopra et al. [52] in India. In contrast, the studies of Chattopadhyay et al. [44] and Ramachandran et al. [53] in India found higher rates in females, than in Thailand [46,54].



In several studies, exposure to CHIKV was found to increase with time, and the average age of the cases was around 30 to 40 years old [40,43,51,54,55,56].



More detailed descriptions of the symptoms were found. On the Asian continent, fever was the most prevalent symptom, appearing in between 84 and 100% of reported cases [44,46,48,50,53]. Arthralgia was the second most frequently reported symptom [42,53], first affecting the spine and the small and large joints of the extremities with no upper/lower limb predilection [57]. The pain was usually bilateral. Rashes were generalized, erythematous, and maculopapular [41,43]. Headache was among the most cited symptoms, followed by joint swelling and abdominal pain [43,48,50]. Fatigue was only reported by Chopra et al. [57], whereas tachycardia was reported by Barr et al. [49], along with laboratory alterations such as high levels of aspartate aminotransferase and lymphopenia. Gastrointestinal disturbances and symptoms of the central nervous system were also reported.



Only three studies mentioned the hospitalization of patients. The hospitalization rate stayed between 5.7% to 41%, with a hospital stay duration ranging from 2 to 15 days [42,44,48]. Furthermore, only two studies followed up with patients to determine recovery and chronic pain over time: Dutta et al. [48] perceived that 42% complained about sequelae of infection. In the study by Chopra et al. [57], 16% of patients continued to suffer beyond four months.



Some studies investigated patients’ recovery and chronic pain. In the study of Mathew et al. [52], the most typical diagnosis was chronic post-viral polyarthralgia (57%), with the most typical pain site being the knee (83.3%), followed by the ankle, low back, shoulder, and wrist. Many of these patients experienced wrist, ankle, and hand swelling. A subgroup of these patients was subjected to musculoskeletal ultrasonography, demonstrating tenosynovitis and bursitis.



Regarding factors that could worsen the progression of the disease and the quality of life of patients affected by chikungunya, Ramachandran et al. [53] reported that age, duration of fever, multiple joint afflictions, duration of joint pain, and duration of joint swelling were significantly and negatively associated with Health-Related Quality of Life (HRQoL) scores for various domains. Age, employment type, and severe arthralgia significantly affected the QoL in the study of Hossain et al. [42]. The average score was highest in the environmental health domain, followed by the psychological domain, the social relationship domain, and the physical domain, which were all substantially affected, indicating a significant impact on the quality of life during acute-phase CHIKV infection.




3.1.3. Caribbean and Central America


Ten articles included in this review were studies from the following Caribbean areas: Saint Martin, Martinique, Guadeloupe, Curaçao, Puerto Rico, Nicaragua, Aruba, and the U.S. Virgin Islands.



Saint Martin Island reported the first CHIKV autochthonous transmission in America in 2013. From 6 December 2013 to 5 December 2014, Sint Maarten, the Dutch part of the island, reported 658 chikungunya cases; 238 (61%) were women. Fever (71%) and arthralgia (69%) were the most common symptoms. The attack rate was 1.76%, considered to be underestimated, as some cases may have been misdiagnosed as dengue [58].



Since then, several locations have reported cases. The first CHIKF cases were observed in Martinique and Guadeloupe in December 2013. From January 2014 to January 2015, 36% of Martinique’s population—representing approximately 145,000 cases—was infected [59]. Seroepidemiological surveys in blood donors revealed that the final seroprevalence was 48.1% in Guadeloupe and 41.9% in Martinique [60]. The first U.S. Virgin Islands CHIKV infection occurred in June 2014. A study estimated a 31% (95% CI: 26–36%) infection rate [61]. Passive surveillance in Puerto Rico found 28,327 cases in 2014; 6472 were screened for CHIKV, and 4399 (68%) were positive. In the household cluster studies, 70 (28%) of the 250 participants had recently been infected with CHIKV. Detecting the virus in blood or tissue samples revealed 31 fatal cases [62].



Nicaragua first reported chikungunya in September 2014. The anti-CHIKV antibody seroprevalence was 33% and the clinical attack rate was 26.5% in 11,280 blood samples from 39 locations (37 municipalities and 2 districts of Managua, the capital) in October 2015. Of these, 19.1% had subclinical infections [63]. Another study in Managua, from 2014 to 2016, examined 2327 children aged 2 to 14 for CHIKV. After 95 cases in 2014–2015, a larger wave occurred in 2015–2016 (444 cases). The cohort included 81.6 CHIKV cases per 1000 person-years (95% CI: 75.0–88.8). The study found that CHIKV prevalence increased with age [64].



Studies have investigated the severity of CHIKV infection in several Caribbean countries. From December 2013 to January 2015, researchers studied CHIKV-related severe cases and mortality in four public hospitals in Martinique and Guadeloupe. Of 1836 hospitalized cases, 64.8% were adults (15+ years old), with a mean age of 41 and a sex ratio of 0.9. Ten mother-to-child transmissions were detected in Guadeloupe and five in Martinique. The overall incidence rate of hospitalization was 23.4/10,000 inhabitants. The attack rate of hospitalization was 60/10,000 CHIKV clinical cases. The incidence rates were highest in the elderly (>75 years old) and infants (< 1 year old) (296 and 80/10,000, respectively). A total of 74 people died because of CHIKV infection. Fifty-one percent of hospitalized cases had an underlying health problem [65]. Crosby et al. observed 65 CHIKV patients in ICUs at university hospitals in Martinique and Guadeloupe in 2014 [66]. Forty-one percent were admitted for comorbidity aggravation, and 83% had pre-existing conditions. Admission to ICUs and mortality rates were 26 and 27%, respectively. Twenty-eight (18%) had CHIKV-related symptoms, including encephalitis, Guillain–Barré syndrome, and severe sepsis [66].



Couzigou et al. [59] followed 509 Martinique residents from January 2014 to January 2015 to evaluate CHIKF aggravation factors. The female-to-male ratio was 1.98, with an average age of 43.2 years. Twenty-three percent of the patients had unusual or severe acute chikungunya infection risk factors. Three months after acute chikungunya infection, 200 subjects (39.3%) showed signs of chronic infection. Remission patients were younger than symptomatic patients (p < 0.0001). More than half (55.8%) struggled to resume daily activities. They had a much lower QoL (median: 71; range: 0–100) than remission patients (median: 90; range: 40–100) (p < 0.0001). Another study found that 52.10% (95% CI 44.5–59.7) of 167 CHIKV-infected Martinique hospital patients had chronic chikungunya arthritis (CCA) after 12 months. In the univariate analysis; age; female sex; and some clinical signs at disease onset, such as headache, vertigo, vomiting, and dyspnea, increased the probability of CCA [67]. In Aruba, 55% of 489 patients tested from October 2014 to April 2015 were positive for CHIKV, and 44% had chronic arthralgia [68]. In Curaçao, 30–50% of residents were infected by CHIKV in June–July 2014, only 43% of 248 patients recovered >2.5 years after disease onset, and 22% had severe chronic arthralgia. Highly affected patients had more persistent rheumatic and non-rheumatic/psychological symptoms and lower physical and mental QoL than mildly affected patients [1].




3.1.4. South America


CHIKV quickly spread to South America from the Caribbean. Sixteen South American articles were reviewed. A study carried out to determine the frequency of Zika (ZIKV), chikungunya (CHIKV), and dengue (DENV) virus co-infection during the epidemiologic surveillance of the ZIKV epidemic in Colombia analyzed 23,871 samples from suspected Zika cases. The frequency of CHIKV was only 1.07% [69]. From 2015 to 2016, 45% of 319 Ecuadorian blood samples tested positive for CHIKV, and seroprevalence averaged 27% (95% CI: 8.7–51.6%) [70]. From June to October 2017, 2697 people from 22 French Guiana municipalities participated in a multiplexed serological survey; 20.3% (17.7–23.1) were CHIKV-positive [71].



In Brazil, the first autochthonous chikungunya cases were recorded in 2014, almost simultaneously in the semi-arid region of the Brazilian Northeast, Feira de Santana in Bahia, and the Amazon Forest Region Oiapoque in Amapá.



Fifty-seven percent of 385 Feira de Santana residents tested positive for CHIKV antibodies, and 68.1% had chronic chikungunya. In Riachão do Jacuípe, 10 km from Feira de Santana, 45.7% of 446 participants had CHIKV antibodies and 75.0% developed the chronic form of the disease [72]. A comparable study was undertaken in Chapada, in April 2016,Of the 120 tested individuals, 18.3% presented anti-CHIKV IgG, 5.0% IgM, and 40.7% CHIKV symptoms [73]. In a 2016–2017 Feira de Santana study, 22.1% of the 1981 people tested (95% CI 16.7–28.6) had CHIKV [74]. Among 451 people from two indigenous populations of the São Francisco Valley—the Fulni-ô and Truká—and an urbanized control community from Juazeiro, a large city in Bahia, a CHIKV IgG prevalence of 49.9% was found [75]. Salvador, Bahia’s capital, was also the subject of a cross-sectional seroprevalence study. Of 2651 eligible study site residents, 1776 (67.0%) participated from November 2016 to February 2017; 11.8% (95% CI 9.8%–13.7%) had CHIKV IgG [76].



The northeast of Brazil was the most affected region of the country. In 2017, Ceará had the highest incidence rate, with 139,729 reported and 105,312 confirmed cases (1174.9 per 100,000 inhabitants). Fifty CHIKV-related deaths occurred in 2016, one hundred and ninety-four in 2017, and one in 2018 [77]. A primary care clinic in Fortaleza, Ceará, examined the sociodemographic and clinical parameters of 110 chikungunya patients in 2018. Sixty percent of the patients were female; their average pain score was 6.81 (±2.49), and 60.91% used medications. In addition, pain, age, time since diagnosis, and educational level affected QoL [78]. In 2018, CHIKV, DENV, and ZIKV seroprevalences were estimated in Juazeiro do Norte, a large city in southern Ceará. Four hundred and four volunteers were analyzed; 25.0% of them were CHIKV seropositive [79]. The CHIKV seroprevalence was 18.0% (95% CI 14.8–21.2) in 2120 Rio de Janeiro residents tested for arbovirus antibodies between July and October 2018 [80].



Vidal et al. found a national case-fatality rate of 0.13% for chikungunya in Brazil in 2016, with an incidence rate of 114.70/100,000 and a mortality rate of 0.15/100,000. In 2017, these values were 87.59, 0.12/100,000, and 0.14%, respectively. In 2016, Brazil lost 77,422.61 DALYs or 0.3757/1000 people, and in 2017, 59,307.59, or 0.2856/1000 people [81]. The official national surveillance systems (SINAN and SIM) reported 552,023 chikungunya cases between 2014 and 2017, with 403 deaths and a lethality rate (LR) of 0.7/1000 cases. Frutuoso et al. found 552,023 SINAN chikungunya cases in 2016–2017. By linking SINAN and SIM data, 3135 CHIKF-related deaths were found. CHIKV was listed on 764 death certificates, and 17.6% died from CHIKF. Most deaths occurred in the acute (38.1%) and post-acute (29.6%) stages. The corrected lethality rate (CLR) was 6.8 times higher than SINAN alone (0.8/1000). CLR and death risk were higher for residents in the Northeast region (6.2); men (7.4); those under one year (8.6), 65–79 years (20.7), and 80 years of age (75.4); those with a low level of education (none: 16.8; 1–3 years: 33.7); and those who were White (14.6) or Black (11.1) [3].




3.1.5. Worldwide Reviews


Three systematic reviews with meta-analyses were included. Together, these articles investigated the worldwide seroprevalence of CHIK and its chronic symptoms, mainly chronic arthralgia.



Li et al. included 44 articles with 51,599 participants from 29 countries and regions. The CHIKV seroprevalence was 25% (95% CI: 22–29). South-East Asia had the highest seroprevalence (42%, 95% CI: 17–67), whereas the Eastern Mediterranean region had the lowest (2%, 95%: 0–5). Infection rates were highest in Cameroon, Comoros, Haiti, Thailand, and Indonesia. Compared to 2000–2009, global seroprevalence dropped in 2010–2019 [82].



Badawi et al. performed a systematic review and meta-analysis to determine the frequency of chronic comorbidities in CHIKV patients and their potential effects on infection severity and complications. Eleven studies, including 2773 patients, were selected from 111 articles. Hypertension was the most common comorbidity in CHIKV infection (31.3%), followed by diabetes (20.5%), cardiac disorders (14.8%), and asthma (7.9%). One study reported obesity prevalence. Diabetes was present in 22.9% vs. 20.5% of severe CHIKV cases (p < 0.05). Infected patients with diabetes (including types I and II) but not hypertension or cardiac illness had an OR of 1.2 (95% CI: 1.05–1.48; p = 0.0135) for severe CHIKV outcomes compared to those without diabetes [83].



Rodríguez-Morales et al. conducted a systematic review to identify studies assessing the proportion of patients progressing to chronic inflammatory rheumatism (CIR) following CHIKV infection. Eighteen studies were included, reporting data on 5702 patients. The pooled prevalence of CHIK-CIR was 40.22% (95% CI 31.11–49.34; τ2 = 0.0838). The prevalence of chikungunya chronic arthritis was 13.6% (95% CI 9.31–18.00; τ2 = 0.0060) [84].





3.2. Costs Studies


Few studies considered the effective costs of chikungunya. Data on economic impacts collected from the articles analyzed are shown in Table 1.



Regarding the loss in productivity caused by CHIKV, a study carried out in India estimated 7.4 million lost days, considering only acute episodes of the disease. Such a situation would have an estimated cost of between INR 214.4 and 391 million (corresponding to USD 2.57–4.69 million) [85]. In the same location, some patients reported absence from work for up to 35 days, representing an estimated loss of USD 75 in income [86]. In the Reunion Islands, the loss in productivity generated a loss of EUR 17.4 million (corresponding to USD 18.79 million) [87]. In Bangladesh, approximately 70% of patients missed more than 7 days of work, while 29.6% of them missed more than 10 days, considering only the acute phase of the disease [42].



A loss in productivity was also reported in the Americas. In Colombia, the average cost of lost productivity reached USD 81.3 (USD 72.2–203.2) per adult patient [88]. In Mexico, in 2015, the cost of disability was greater than USD 180,000 and, in 2014, greater than USD 130,000 [89]. In the US Virgin Islands, after 1–2 months of illness onset, CHIKV-related absenteeism cost approximately USD 713–825 per person, USD 275–318 after six months, and USD 148–172 one year later. Absenteeism after 1 year of illness cost USD 1.76 million [90].



Considering disability-adjusted life years (DALYs), a study carried out in India by Krishnamoorthy et al. estimated 25,588 days lost, with acute episodes contributing to 7909 DALYs (30.9%) and persistent disabling arthralgia representing 69.1% [85]. In Colombia, in the period 2013–2016, CHIIKV caused 71.3% of DALYs (350,531.62). When the chikungunya epidemic peaked in 2015, Colombia lost 290,033.7 DALYs [91]. Another author pointed out that the chronic phase was responsible for 96% of lost DALYs nationwide, representing an estimated 39 to 43 days lost per 100,000 inhabitants [13]—a scenario similar to that of Brazil in the same decade [92].



Regarding the direct costs of the disease, a study in India estimated a value between USD 30 and 141, highlighting the cost of diagnosis [86]. In the Reunion Islands, for only 1 year, the costs of medical care for CHIKV were estimated at EUR 12.4 million (approximately USD 13.3 million), with EUR 5 million in terms of drugs (approximately USD 5.38 million), while the cost of hospitalization was estimated at EUR 8.5 million (approximately USD 9.15 million). Including direct and indirect costs, the estimated total cost was EUR 43.9 million (USD 47.5 million) [86].



Another study in Asia found that people affected by chikungunya spent approximately BDT 8192 per person (USD 76.18) [42]. In the Americas, the adult population of Colombia faced a direct medical cost of USD 66.6 (USD 26.5 to 317.3), with a higher value in the search for specialist doctors (57.4% of expenses) [88]. Another study in the same region, carried out by Cardona-Ospina et al. in 2014, calculated a cost ranging from USD 73.6 million (most conservative scenario) to USD 185.5 million (worst scenario). Of this, the cost per patient would be between USD 1438 and 3396 in the first year of the disease, but the chronic phase increased this value by up to 95% due to the required medicines, especially effect-modifying drugs [13].



The outbreak recorded in the Virgin Islands (USA) in 2014–2015 cost more than USD 2.9 million in medical consultations alone. The direct and indirect costs of this outbreak have been estimated to range from USD 14,827,500 to 33,424,600 [91]. In Brazil, the estimate of indirect expenses for the CHIKV epidemic, which occurred in the same period, was BRL 123,943,728 (approximately USD 24.91 million) [92].



Few reports have been published on the pediatric cost of epidemics caused by CHIKV. The study of Alvis-Zakzuk et al. in Colombia estimated the expenditure at USD 257.9 (USD 121.7 to 563.8). The largest portion of the pediatric cost was associated with the cost of hospital beds (40.0%), followed by 36.4% associated with diagnostic procedures [88].





4. Discussion


Interestingly, in addition to the standard descriptions of epidemics and symptoms, many authors tried to address long-term sequelae and how people’s lives were affected during the acute and chronic phases of the illness. In our review, only a few studies addressed hospitalization or severe cases; most were focused on the African continent, where sequelae were considered to be significant, and atypical findings were described with more interest (such as severe and hospitalized CHIKV cases). These articles supported the notion that CHIKV, rather than an acute nonfatal disease, is a disease that can progress in severity, exhibit atypical findings, and have long-term consequences and fatal outcomes.



CHIKV is widely distributed globally, mainly in Africa, Asia, South America, and Oceania/the Pacific Islands [82]. The highest prevalence in this study was observed in Bangladesh (80%), Thailand (71%), and some African countries (70%) [5,24,41]. Despite some studies revealing an increased prevalence of chikungunya over time in certain countries, such as Tanzania [24,34,35] and Fiji [47], a meta-analysis revealed a drop worldwide over time when comparing 2000–2009 and 2010–2019 [82]. In some African regions, CHIKV was more broadly diffused in certain territories than other arboviruses such as DENV [24]. Additionally, CHIKV had a broader distribution in some regions of South America, even affecting continental countries such as Brazil, and coexisted with arboviruses such as DENV, ZIKV, and YFV [79]. Our epidemiological analysis confirmed the capacity of CHIKV to cause epidemics and rapidly spread through countries. As illustrated by the Reunion Islands [87], many countries that had never encountered a case of chikungunya were still vulnerable to the devastating impact of the disease, which, despite an acute fever, can generate long-term losses due to its chronicity.



Several studies evaluated the clinical aspects of CHIKV, emphasizing symptom prevalence, complications, chronicity, and severity. According to the literature, fever and arthralgia remain the most common symptoms [24,25,26,35,37,40,41,42,43,45,47,49,52,64,65,83]. Other complications are rare but do appear—mainly neurological complications [35,37,85]. About 13.66% of cases may evolve into CCA [84]. Several articles evaluated the risks of chronicity and found that older age [36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90,91,92] and duration of acute symptoms [53] were the main risk factors. Few studies have assessed the severity and hospitalization rates of chikungunya [42,44,48] or the risks associated with increasing severity [83]. Increased age and the presence of comorbidities were principal factors in severity, hospitalization, and mortality in these patients [39,81].



However, the burden of CHIKV infection is not only related to chronicity, as evidenced by its excess mortality, challenging the paradigm of a non-fatal disease [2]. As a result, CHIKV is increasingly understood as a disease that, in addition to developing chronicity and impacting life in the long term, generating absenteeism and losses, can also increase the mortality rate of the affected population in epidemic situations. Fatal outcomes occur mainly in high-risk patients with comorbidities and at the extremes of age. Chikungunya symptoms overlap with those of DENV. The clinical spectrum of CHIKV infection is wide and includes life-threatening manifestations affecting several organs. Importantly, acute dengue infection tends to present an early severity and mortality, while complicated CHIKV infection can occur during both the acute illness phase and weeks/months later, in relation to the decompensation of comorbidities such as diabetes [93]. CHIKV-related mortality is still the subject of scientific debate. However, several articles presented in this review, mainly from South America and involving northeastern Brazil, revealed high mortality rates not necessarily attributable to excess mortality alone [66,81]. Further and detailed postmortem studies might be needed to understand CHIKV-associated mortality in more depth.



The burden of other arboviruses has also been studied. Well-known viruses such as DENV and ZIKV have an associated burden related to deaths and neonatal involvement. Fernandes et al. recently published an article about the burden of ZIKV. They identified the main problem as the impact of congenital Zika syndrome (CZS) in relation to the societal cost per child [94]. Nevertheless, although sporadic cases of vertical transmission have been described, congenital and neonatal CHIKV infection appears to be very rare [95].



Our study had several limitations. Despite the valuable evidence provided, a meta-analysis could not be performed. The cost articles were difficult to analyze because they used multiple methodologies. Our methodology did not consider the gray literature, though sources other than academic journals may offer valuable information that could have been missed.



This study provided an overview of the burden of CHIKV worldwide, addressing issues related to epidemiology, economic costs, and mortality. An economic perspective was presented separately from the epidemiological perspective. We hope that this study will be considered by policymakers, especially when prioritizing the allocation of health resources and preparing disease prevention programs. The health and economic burden of CHIKV is more important than initially thought. Further research on the impact of the disease, studies to assess CHIKV-related mortality more thoroughly, and the reinforcement of surveillance programs are needed.




5. Conclusions


With more than 100 countries having already experienced CHIKV epidemics, the virus continues to represent a risk to many others, which must be prepared to face the emergence of CHIKV. Countries unfamiliar with the disease should be aware of the emergent potential of CHIKV. The burden of the CCA disease associated with CHIKV infection is highly significant worldwide. CHIKV’s burden is associated with chronicity, severity, hospitalization risks, and mortality. Understanding and measuring the full impact of chikungunya as a clinical disease that affects more than just individual patients is essential. Chikungunya can generate economic losses in several spheres, significantly affecting the health system and national economies. This article provides a starting point for a more comprehensive discussion of the global impact of this disease. These data will help guide improvements in disease control strategies employing vaccines, medications, and vector control techniques, as well as their economic evaluation.
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Figure 1. PRISMA flow diagram showing a schematic illustration of database searches and identification, screening, and eligibility of included studies. 
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Figure 2. Number of articles per year of publication. 
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Table 1. Economic impacts of chikungunya on different continents.
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	Country/Region
	Direct Costs (USD)
	Loss in Productivity (USD)
	DALYs





	India/Asia
	16.680
	2.57–4.69 million
	25,588



	Reunion Islands/French Department
	36.72 million
	18.79 million
	-



	Colombia/South America
	121.7–563.8 per patient
	72.2–203.2 per patient
	350,531



	Brazil/South America
	-
	2.13 billion
	0.036



	Mexico/North America
	-
	130 thousand
	-



	USA/North America
	2.9 million
	-
	-







Note: values converted from local currency to USD on 18 May 2023.
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