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The chikungunya virus (CHIKV) was first detected in Brazil in 2014 and has since caused major epidemics. In 2023, a major chikungunya epidemic occurred in Minas Gerais, one of the most populous states in the country. We analyzed the North and Northeast Health Macroregions of Minas Gerais, with 2.5 million inhabitants. The study used epidemiological data from the Ministry of Health’s laboratory surveillance, disease notification and mortality systems. A robust Poisson regression model was constructed to estimate expected monthly mortality. Excess deaths were calculated by comparing observed deaths with model estimates during the epidemic period. During the epidemic, there were 890 excess deaths attributed to chikungunya, translating into a mortality rate of 35.1/100,000 inhabitants. The excess mortality rate was significantly 60 times higher than the deaths reported by surveillance, with only 15 confirmed deaths. The correlation between excess deaths and laboratory-confirmed chikungunya cases was strong, while the correlation with dengue and COVID-19 was not statistically significant. The results highlighted the serious underestimation of chikungunya mortality by epidemiological surveillance. During the same year, only 420 chikungunya deaths were reported by all PAHO member countries. Routine epidemiological surveillance systems cannot capture the full impact of this disease. Excess mortality is a key measure for understanding the impact of epidemics, as demonstrated by COVID-19 and influenza pandemics. The study highlights the need for complementary tools to traditional surveillance to better assess impacts on morbidity and mortality and support priority setting in public health interventions.
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Introduction

Chikungunya is an emerging acute viral disease transmitted by Aedes aegypti and Aedes albopictus mosquitoes, causing fever, joint pain, rashes and fatigue, and is often confused with dengue (1). It was first isolated in the 1950s in Tanzania and the first deaths were reported during the epidemics of the 1960s in India (2–4) and were consequences of neurological and cardiovascular complications, sepsis and decompensation of pre-existing diseases. Since 2004, chikungunya has emerged as a global threat to public health, causing extensive epidemics in several parts of the world, including the Americas, Africa, Asia and Islands in the Indian and Pacific Oceans (1).

The severity of cases may be associated with different genotypes, lineages and specific mutations. Host genetic characteristics and local availability of healthcare resources can also affect disease severity, resulting in wide variation in mortality across different epidemics and contexts (5, 6). Acute cases and, especially, deaths from chikungunya have been greatly underdiagnosed and underreported, especially in countries with less availability of resources (7, 8). Excess deaths have been a tool that contributes to the assessment in these situations. Excess mortality refers to the number of deaths that surpass expected levels based on historical trends, adjusted for seasonal and long-term fluctuations (9, 10). This measure is necessary for accurately assessing the impact of epidemics, especially in the context of diseases like chikungunya, where severe cases often go unrecognized by healthcare professionals due to limited clinical familiarity with the disease (11, 12). Chikungunya-associated mortality is frequently underreported because severe forms of the disease, such as those involving neurological or cardiovascular complications (13, 14), are misclassified or overlooked because these forms are poorly understood. Excess mortality allows for a more comprehensive evaluation of the true burden of chikungunya, particularly in areas with high transmission rates and limited healthcare capacity (7, 10, 15–18).

Until then free area, in Brazil in 2014 two lineages of the chikungunya virus (CHIKV) were detected, in the North, Asian lineage and in the Northeast, ECSA (East/Central/South Africa, CHIKV), with transmission sustained by Aedes aegypti. In the following years, only the ECSA lineage remained and caused several focal epidemics, mainly in the North and Northeast regions (19). In recent years there has been an increase in the number of cases with rapid territorial expansion, reaching densely populated areas in the South and Southeast regions (19). The co-circulation of dengue and chikungunya, associated with little clinical knowledge of the latter by health professionals, has made the diagnosis and treatment of the disease difficult, in addition to preventing a more reliable assessment of the impact of chikungunya in Brazil (12) and in other countries in the region (11).

In the year 2023, Minas Gerais, a state located in the Southeast Region of Brazil, was the state most affected by the chikungunya epidemic (12). Using a methodology adopted by the World Health Organization (10, 18), we assessed mortality associated with the chikungunya epidemic in the most affected areas.





Methods




Study location and characteristics

We conducted the study in the North and Northeast Health Macro-regions of Minas Gerais, Brazil (Figure 1). These regions were selected due to their high chikungunya incidence during the 2023 epidemic and their epidemiological similarity. The combined population of these regions is approximately 2.5 million people, distributed across urban and rural areas. Montes Claros, the largest city, has a population of 413,000, while the rest of the population is spread across low-density rural zones. The climate in these regions is tropical, with defined wet and dry seasons, and there were no extreme weather events during the study period, according to the National Institute of Meteorology (INMET, Supplementary Material). This lack of extreme climatic events ensured that mortality patterns were not influenced by environmental factors outside of the epidemic.




Figure 1 | Map of Brazil highlighting the State of Minas Gerais and the North and Northeast Health Macro-regions.







Data collection procedure

We obtained epidemiological data from three key systems maintained by the Brazilian Ministry of Health: the laboratory surveillance system (GAL, acronymous in Portuguese), the disease notification system (SINAN, acronymous in Portuguese), and the mortality system (SIM, acronymous in Portuguese). The laboratory surveillance system provided investigated cases of chikungunya, dengue, and COVID-19 (Severe Acute Respiratory Infection cases) based on RT-qPCR testing, while the disease notification system provided reported cases, and the mortality system recorded all-cause mortality data (excluding external causes of death, such as accidents, homicides, and suicides). We calculated incidence rates and test positivity for chikungunya, dengue, and COVID-19 based on laboratory surveillance system (Table 1).


Table 1 | Population, laboratory confirmed cases, incidence rate and test positivity in the Health Macro-regions of Minas Gerais (chikungunya, dengue and covid-19, Dec 2022-May 2023, Brazil).







Inclusion and exclusion criteria

We included all laboratory confirmed chikungunya cases reported between January 2017 and December 2023 from the North and Northeast Health Macro-regions of Minas Gerais State. For mortality analysis, we included all-cause mortality (excluding external causes of death) data. The most critical period of the COVID-19 pandemic (January 2020 to July 2022) was excluded from the mortality analysis. To calibrate the model and estimate expected deaths, we excluded the peak period of the chikungunya epidemic (December 2022 to May 2023), which was defined as the months with incidence coefficients above the 95% percentile of the period analyzed.





Sample size and selection

The study sample size consisted of all residents of the North and Northeast Health Macro-regions of Minas Gerais, totaling 2.5 million people. This large population base ensured a robust sample for the analysis of both incidence rates and excess mortality. The inclusion large populations allowed for a comprehensive analysis across different socio-economic and geographic contexts. The sample selection was justified by the fact that these regions had the highest chikungunya positivity rates and incidence during the 2023 epidemic in Minas Gerais, making them ideal for assessing the impact of the epidemic.





Statistical analysis

To estimate the excess mortality associated with chikungunya, we constructed a robust Poisson regression model based on a time series of monthly deaths. The choice of the Poisson model was justified by its flexibility in modeling count data and its widespread use in epidemiological studies to estimate expected mortality (10, 20). The regression model included time variables (in months) as linear, quadratic, and cubic terms to correct for long-term secular trends. We also included month-specific nominal variables to adjust for seasonal variations, which are critical in the analysis of infectious diseases like chikungunya that exhibit strong seasonal patterns (10, 17).

	

where:   represented the number of deaths in a particular month i,   are time in months as a linear, quadratic and cubic to correct for secular fluctuations and   are the nominal variables associated with the months, to correct seasonal fluctuations and ϵi is the error term.

We excluded months impacted by COVID-19 and the peak of the chikungunya epidemic from the model calibration to avoid overestimating the baseline mortality. The final model was used to predict expected deaths, and excess mortality was calculated as the difference between observed and predicted deaths during the chikungunya epidemic period. Excess deaths were considered significant when observed deaths exceeded the upper limit of the 99% confidence interval of the predicted values (Figure 2). All analyses were performed using SPSS version 24.




Figure 2 | Bottom: absolute number of monthly cases of chikungunya (blue line, right scale), number of observed monthly deaths (black line, left scale), number of monthly deaths predicted by the model (solid red line, left scale) and upper and lower limits of the 99% confidence interval (dotted and solid yellow lines respectively, left scale). In the middle: monthly incidence coefficient of chikungunya per 100,000 inhabitants (blue line, left scale), monthly number of excess deaths (red columns, right scale). Above: dengue incidence coefficient per 100,000 inhabitants (blue line, left scale). All data refer to the North and Northeast Health Macro-regions of Minas Gerais.







Ethical aspects

Since the data used in this study are publicly available and do not include any identifiable personal information, there was no need for submission to an ethics committee for this research.






Results

The results indicate a positive and significant correlation between monthly excess mortality and laboratory-confirmed chikungunya cases, with a Kendall’s tau-b of 0.706 (p=0.003). This data is presented in Table 2, which details the correlation coefficients for chikungunya, dengue, and COVID-19. As expected, due to the seasonal overlap, there was a correlation between excess mortality and the number of dengue cases, although the correlation with the positivity of laboratory tests (RT-qPCR) for dengue was negative and non-significant (Kendall’s tau-b = -0.277, p=0.191) (Table 2).


Table 2 | Excess deaths, laboratory-confirmed cases and deaths, incidence rate and test positivity per month North and Northeast Health Macro-regions of Minas Gerais (chikungunya, dengue and covid-19, Oct, 2022 - Dec, 2023, Brazil).



Regarding COVID-19, the results show a negative and non-significant correlation between excess monthly mortality and confirmed COVID-19 cases and positive RT-qPCR tests, with Kendall’s tau-b = -0.026 (p=0.905) for confirmed cases and Kendall’s tau-b = -0.228 (p=0.284) for test positivity (Table 2). As presented in the number of excess deaths associated with the chikungunya epidemic in Minas Gerais (2023) was significantly higher than the officially reported numbers. In total, there were 890 excess deaths, while only 15 deaths were officially confirmed as chikungunya-related, suggesting significant underreporting (Table 2).

The parameters and quality of fit for the final Poisson regression model are detailed in the Appendix. The results from an alternative model analysis, which included seasonal components (sine and cosine), did not significantly differ from the main model results (p=0.8). Based on the principle of parsimony and the simplicity of the model, we opted for the final model that uses discrete monthly seasonal variables.) (21), Detailed results of this supplementary analysis are also provided in the Appendix.





Discussion

The number of deaths (890 deaths) attributable to the chikungunya epidemic is almost 60 times greater than the number of deaths (15 deaths) identified by epidemiological surveillance in the two Macro-regions studied. Despite representing a small fraction of the Brazilian territory, this excess of deaths observed is almost 8 times greater than the total number of deaths from chikungunya identified by epidemiological surveillance throughout Brazil in the year 2023 (106 deaths). The negative and non-significant correlation between excess mortality and monthly COVID-19 confirmed cases, as well as dengue RT-qPCR positivity, suggests that these two diseases did not significantly contribute to the excess deaths observed during the study period. In contrast, there was a positive correlation between monthly excess mortality and CHIKV confirmed deaths, CHIKV laboratory-confirmed cases, positive CHIKV RT-qPCR results, and the percentage of CHIKV RT-qPCR positivity. This reinforces the conclusion that chikungunya was the primary driver of the observed excess mortality.

In Pernambuco (2016, Brazil) there were 4,505 excess deaths during the chikungunya epidemic period, but surveillance confirmed only 94 deaths. In Puerto Rico in the 2014 epidemic, only 31 deaths from chikungunya were confirmed, but there were 1,310 deaths higher than expected for the period (22, 23). In these examples, the underestimation of the number of deaths by the official surveillance system was 98%, the same value found in the present study (Table 3). These findings highlight the underestimation of chikungunya-associated mortality by routine epidemiological surveillance systems, a pattern also observed in other chikungunya epidemics. In these cases, excess mortality far exceeded the number of confirmed deaths, reinforcing the need for more comprehensive surveillance methods that extend beyond laboratory-confirmed cases. Many deaths attributed to chikungunya remain unrecognized due to the lack of clinical suspicion and the co-circulation of other arboviruses like dengue.


Table 3 | Mortality associated with chikungunya epidemics: reported deaths, excess deaths, and excess mortality rates in various regions and countries during different epidemic periods.



A study by Cerqueira-Silva et al. (24) demonstrated that chikungunya virus infection is associated with an increased risk of death for up to 84 days after the onset of symptoms. This includes deaths resulting from neurological diseases, heart disease, and diabetes, which may be related to direct viral damage or the inflammatory response triggered by CHIKV infection. Supporting these findings, a study with data from Puerto Rico identified that the excess mortality observed during the chikungunya epidemic was concentrated precisely in these disease categories, with a 1-month lag between the peak of symptom onset and the peak of mortality (23). This extended time between infection and death from chikungunya likely contributes to the underreporting of chikungunya-related mortality (25). One factor that may help explain the differences in underreporting of deaths in other epidemics, such as COVID-19 and dengue, lies in the mechanisms of mortality and the challenges in accurately diagnosing and reporting chikungunya-associated deaths. While COVID-19 is primarily known for its impact on respiratory failure, and dengue is a disease with well-known complications that has recurred annually for decades, chikungunya-related deaths are usually due to circulatory, inflammatory, cardiovascular, neurological, and respiratory complications, or the decompensation of underlying conditions, which are less likely to be immediately attributed to the virus (6, 25).

The excess mortality rate in the period was calculated at 35.1/100,000 inhabitants. This value is a little more than half the global average excess mortality rate from Covid-19 estimated by WHO for the first year of the pandemic (60/100,000) (18), it is seven times greater than the excess rate estimated global average mortality rate for the 2009 influenza pandemic (5/100,000 inhabitants) and is close to the excess mortality rate for the 1967 influenza pandemic (40/100,000) (26). In a similar study we found that in the 2016 chikungunya epidemic in Pernambuco there was an excess death rate of 47.9 and in the 2014 epidemic on the islands of Guadalupe and Martinique the excess deaths were 81.6 per 100,000 inhabitants (22, 27). Mavalankar and colleagues calculated the excess mortality rate in Ahmedabab(India) during the 2006 chikungunya epidemic at 77.5 deaths per 100,000(3,800 deaths) (7) while no deaths have been officially confirmed in the country (Table 3) (8, 16, 28–30).

Covid-19 pandemic brought great interest to the topic of monitoring excess mortality as a fundamental tool for assessing the impact of emerging viruses, as it is applicable in different contexts and is less dependent on laboratory resources (18, 26). Given the significant increase in the number of chikungunya cases in endemic areas and the expansion of this and other arboviruses to free areas, tools complementary to traditional epidemiological surveillance need to be added to better assess the impact in terms of morbidity and mortality.

Excess mortality is a measure that contributes to building solid evidence of the impact of epidemics and pandemics. Influenza is a classic example of the use of this tool to more adequately measure the number of deaths, as a significant part of deaths occur due to bacterial complications, decompensation of pre-existing diseases, among others (26, 31). Adequately quantifying the number of deaths caused by emerging viruses is a fundamental need so that risk assessment and priority-setting systems can direct resources to address epidemiological challenges.

In recent years, necropsy studies have demonstrated viral antigens and genetic material in tissues of important organs such as the CNS, heart, lung and liver (6, 25, 32, 33). The fact that the worsening of chikungunya is caused by a severe systemic infection, immunological and hemodynamic dysfunction, associated with the dysfunction of multiple distinct organs makes it difficult to define a single clinical syndrome that characterizes the worsening, which makes clinical suspicion very difficult, especially as it is a disease emerging (6, 25, 32, 33).




Limitations, internal and external validity

A major limitation of this study is its ecological design, which uses aggregated population-level data rather than individual-level information, making it impossible to establish direct causal relationships. Additionally, although the health system was prepared for previous COVID-19 and dengue epidemics, the strain on the system during the chikungunya epidemic may have contributed to some excess deaths, either due to delays in treatment or limited access to care. Underreporting of confirmed cases is another potential issue, as chikungunya symptoms can easily be confused with other circulating arboviruses, such as dengue, and the limited availability of laboratory testing during epidemics may lead to inaccuracies in case reporting and investigation (12). Disparities in access to healthcare, particularly in regions with limited infrastructure, may exacerbate the outcomes of chikungunya infection. Socioeconomic status also plays a crucial role, as populations with lower income may experience delays in seeking care, increasing the likelihood of fatal complications. These factors should be considered when interpreting the mortality burden of chikungunya.

The internal validity of this study is supported by the use of robust Poisson regression modeling, which accounts for both secular and seasonal fluctuations in mortality over a multi-year period. By excluding the most critical periods of the COVID-19 pandemic and the peak months of the chikungunya epidemic from the model calibration, we minimized the risk of bias in the estimated baseline mortality. Furthermore, the inclusion of comprehensive data from official epidemiological and laboratory surveillance systems for other seasonal viruses, such as SARS-COV-2 and dengue, reinforces the reliability of the results.

Regarding external validity, this study’s methodology has been successfully applied in chikungunya studies not only in other regions of Brazil but also in countries such as India (7, 15), Mauritius (8, 16), Puerto Rico (23), Dominican Republic (34), Jamaica, and the overseas departments and regions of France, including Guadeloupe (27), Martinique (27), and Réunion (29), each with distinct epidemiological and healthcare contexts. This demonstrates the flexibility and robustness of the method in diverse settings. Furthermore, it is a methodology endorsed by major public health organizations such as the World Health Organization (WHO) (10), the European Centre for Disease Prevention and Control (ECDC) (21), and the Centers for Disease Control and Prevention (CDC) (31) for evaluating the impact of pandemics like influenza and COVID-19, as well as for monitoring annual influenza seasons. This widespread use underscores its reliability for assessing excess mortality in the context of arbovirus epidemics and other public health crises.





Recommendations for future studies

Future studies should consider incorporating more detailed clinical data, such as autopsy findings and hospital records, to improve the accuracy of death classification in chikungunya epidemics. In addition, expanding laboratory testing during epidemics could help differentiate between chikungunya and co-circulating arboviruses, such as dengue and Zika, leading to more accurate case counts and mortality estimates. We also recommend using excess mortality as a complementary tool to traditional surveillance, as it provides a broader understanding of the true mortality burden in regions where health systems are often overburdened during epidemics.

The first warning sign about the importance of severe forms of chikungunya was given in 2006 on the island of Reunion (13), the issue of underreporting of deaths was subsequently demonstrated in India (7). Since then, evidence of these warnings has been confirmed through different study designs, in different regions of the world, however, several researchers and even official documents still classify chikungunya disease as having a low risk of death.
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