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Abstract
Background: Chikungunya virus (CHIKV) is a mosquito-transmitted virus that emerged in the
Caribbean in late 2013 and proceeded to spread throughout the Americas. Acute CHIKV disease
is characterized by high fever and potentially debilitating arthralgia. In a proportion of cases,
serious long-term sequelae following acute disease have been reported. These conditions
primarily include chronic inflammatory rheumatisms, but can also involve depression,
sensorineural effects, headaches and cognitive delays following neonatal infection.
Methods: We developed data-driven computational simulation models for acute and long-term
health conditions associated with CHIKV infection to estimate the economic cost and health
burden of the 2013–2015 CHIKV epidemic in the Americas, accounting for underreporting of
cases. We parameterized our models using clinical, epidemiological, and cost data which were
collected through extensive literature review.
Findings: Accounting for underreporting, we estimated a total of over 39.9 million cases in the
Americas, imposing a burden of over 23.8 million disability adjusted life years (DALYs) lost and
about US$185 billion from a societal perspective. Burden and cost varied substantially by region,
with the Caribbean accounting for nearly half of the entire disease burden and costs. Over 90%
of DALYs and 95% of costs were attributable to chronic inflammatory rheumatism.
Interpretation: Given that there are no effective prevention methods or treatments for
chikungunya, the emergence of CHIKV in the Americas creates a considerable strain on
individuals and health systems, both currently and in the future. These results highlight the need
for increased efforts in vector control to prevent new cases and in investigation into best
practices for managing the growing burden of CHIKV-related long-term sequelae.
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Introduction
In late 2013, chikungunya virus (CHIKV) was reported in the Western Hemisphere for the first
time, on the Caribbean island of St. Martin.1 Transmitted predominantly by the Aedes aegypti
and Aedes albopictus mosquitoes, the virus quickly spread throughout the Caribbean and the
Americas. By the end of 2015, more than 1.8 million clinically suspected chikungunya cases in
45 countries and territories had been reported to the Pan American Health Organization
(PAHO).2

Symptoms of acute infection with CHIKV frequently include fever, potentially debilitating
arthralgia, and skin rash.3 In rare instances, complications of acute disease may include
myocarditis, Guillain-Barré Syndrome, mild hemorrhage, and encephalitis.4 Death in association
with CHIKV infection is very rare (<0.1% of hospitalized cases), and is more likely to be
associated with exacerbation of pre-existing chronic medical conditions.5 However, long-term
morbidity associated with CHIKV infection can be substantial, as 12.7–63.8% of those with
symptomatic chikungunya report experiencing chronic inflammatory rheumatism, including
chronic arthritis and arthralgia, beyond the scope of acute infection.5–15 These symptoms can last
months to years post-acute infection, in rare cases lasting as long as six years.16 Though less
established, CHIKV patients have reported increased rates of depression (7–19%),7,9,13,15 hearing
loss and blurry vision (5–24%),7–9,16 and headaches, dizziness, memory and concentration
problems (6–22%) beyond the scope of acute infection.7–9

Mother-to-child transmission of CHIKV has been observed among pregnant women having
symptom onset during the intrapartum period, ±2 days from delivery; the vertical transmission
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rate for these women has been reported to be 49%.17 While infection early in pregnancy does not
appear to impact fetal development, neonatal infection with CHIKV is associated with both
severe acute symptoms and the possibility of long-term developmental delays. Severe acute
symptoms include encephalopathy (36–47%),17,18 thrombocytopenia (89%),17 febrile seizures,19
and blistering hyperpigmented rash.20 Neonatal CHIKV infection is associated with delays in
cognitive development in areas such as coordination, language, movement, and sociability.18
Particularly poor outcomes are noted for neonates who develop encephalopathy during acute
infection, with a proportion of these neonates developing conditions such as microcephaly (42%)
or symptoms matching cerebral palsy (33%).18

These acute and long-term symptoms create a significant economic and disease
burden for individuals, health systems and societies. There is currently no vaccine for CHIKV or
any specific treatment; rather, at all stages of disease, guidelines direct physicians to treat
symptomatically.21 Acetaminophen or similar analgesics are typically used during acute
infection. Treatments for chronic inflammatory rheumatisms can become costlier due to
medications and duration and treatment: NSAIDs and first-line disease-modifying antirheumatic
drug (DMARD) methotrexate are most commonly available in Latin America due to relatively
low costs, but biologics, which are second-line DMARDs are more expensive and less widely
accessible.22–24 Beyond the direct costs of medication, several indirect costs are accrued by acute
and chronic chikungunya: days of missed work due to illness, decreased productivity while at
work due to disability, transportation to health providers, among others.
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Here, we estimate both the burden of disease and the cost of the introduction of CHIKV to the
Americas. Similar studies have projected the cost of disease in previous outbreaks in La Réunion
Island,25 in Andhra Pradesh, India,26 and in Colombia during the epidemic in the Americas.27 The
2014 burden of disease due to chronic inflammatory rheumatism in Latin America has been
estimated to 151,031–167,950 disability adjusted life years (DALYs),28 but this estimate did not
account for underreporting, did not include the Caribbean, and did not take into consideration
varying durations of sequelae. To our awareness, this is the first study to estimate both the
burden and cost of the chikungunya epidemic in the Americas and the first to consider additional
sequelae beyond chronic inflammatory rheumatism in calculating the burden of disease.
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Methods
We developed data-driven computational simulation models to evaluate the economic cost and
disease burden for chikungunya in the Americas based on cases reported from 2013−2015,
accounting for underreporting of disease. For our estimates, we used case counts per country as
reported by the Pan American Health Organization (PAHO), which are derived from member
state publications or websites, or from reports from International Health Regulation (IHR)
National Focal Points (NFP). Confirmed, suspected and imported cases for each country were
included in our analysis. Confirmed cases tested positive by viral isolation, RT-PCR, antiCHIKV IgM detection, or a four-fold increase of anti-CHIKV IgG titers. Suspected cases
included patients with acute onset fever >38°C and severe arthritis or arthralgia not explained by
other conditions, and who reside or had visited an area with CHIKV circulation within two
weeks of symptom onset.2,29

Accounting for Underreporting
Due to the novelty of chikungunya in the Americas, many jurisdictions did not previously have a
surveillance system for chikungunya. Because of CHIKV’s similar transmission patterns to
dengue virus (DENV), in many instances, chikungunya surveillance was integrated into existing
systems for dengue.30–32 Due to absence of widespread data on the underreporting of
chikungunya, we accounted for underreporting for chikungunya cases using previously recorded
underreporting rates for dengue, which have varied from by region and time of analysis from 1–
59.33,34 We used an average expansion factor (EF) of 21.65 for our estimates, varying it between
minimum and maximum reported EFs in our sensitivity analysis.

9

Estimation of Burden of Disease
For each estimated case that sought care in a country, an individual entered independent models
where they encountered distributions of probabilities for being an ambulatory or hospitalized
acute chikungunya case, and for developing chronic inflammatory rheumatism, depression,
sensorineural problems, or persistent headaches. DALYs, which take into consideration the years
of life lost (YLL) due to premature mortality and years lived with disability (YLD) from a health
condition, were used as a measure of burden of disease. Due to the rarity of death from
chikungunya, we focused our DALY estimates on YLD, which is calculated from a given
disability weight (DW), years lived with condition, and incidence. We assigned a specific DW
from the Global Burden of Disease (GBD) Study 2013 to calculate DALYs for acute illness,
chronic inflammatory rheumatism, cognitive delays from neonatal CHIKV infection, depression,
sensorineural effects and headaches (Table 1).35 Duration of acute disease was sampled from a
truncated exponential distribution with a median of 6.3 days and maximum of 21 days. To model
the distribution of durations for all long-term sequelae aside from neonatal CHIKV, we fit
regression models using data from published literature between the prevalence of the symptom
and the study time-point post-acute disease.36 The number of neonatal CHIKV infections were
estimated using the country-specific birth rates, population sizes, and previously published
prevalence of vertical transmission and lasting cognitive disabilities.17,18 Country-specific
average life spans were used for calculating duration of lasting cognitive disabilities.37 DALYs
were calculated for each condition using health state-specific DWs multiplied by duration of the
condition.
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Estimation of Costs
We calculated total societal costs for acute illness, chronic inflammatory rheumatism and
cognitive delays from neonatal infection. We estimated both direct costs from medical treatment
and indirect costs from either missed work or decreased productivity at work due to disability.
We did not calculate costs associated with depression, sensorineural problems, and persistent
headaches, as insufficient data is available in terms of care-seeking behaviors and treatment
options for these conditions in relation to CHIKV. Each individual in our models encountered
distributions of probabilities for all treatment events, and all distributions of durations were
estimated using the same methods as used for DALY calculations. For ambulatory acute
chikungunya cases, we assumed individuals incurred costs from an outpatient doctor visit, and
acetaminophen (4g/day) for each day of illness.21 Hospitalized acute chikungunya cases incurred
costs of hospitalization per day for their length of stay,13,30,38 as well as cost of acetaminophen
(4g/day) for their duration of illness.21

The treatment for chronic inflammatory rheumatism was dependent on the duration of pain. All
chronic inflammatory rheumatisms lasting less than three months accrued costs of NSAIDs
(celecoxib 200mg/day or ibuprofen 1200 mg/day).22 Although methotrexate, a first-line
DMARD, is recommended for CHIKV-related arthritis lasting beyond three months,22 we took
into consideration structural delays in accessing treatment from a rheumatologist in Latin
America, as described for other joint-related symptoms, such as rheumatoid arthritis.16,39,40
Additionally, we attempted to take into consideration lack of availability to biologics as a
second-line treatment, as previously reported in Latin America.40 If individuals had chronic
inflammatory rheumatism that persisted past when they were able to seek rheumatic care and that
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was beyond three months, they entered one of three pathways: continuing daily NSAID use,
switching to methotrexate (15mg/week) with a supplement of folic acid (1mg/day),16,22 or
beginning using methotrexate for at least three months but switching to biologics due to failed
methotrexate treatment (Figure 1).16,22 All cases with chronic inflammatory rheumatism lasting
three months or longer who also accessed rheumatic care received a diagnostic x-ray and
incurred costs of rheumatologist visits.22

Country-specific costs were used in estimating distribution of costs for medical services. Using
available data, regression models were fit between country GDP per capita and cost of medical
service,41 and these models were used to predict cost for countries for which cost data was not
available. Due to the lack of correlation between cost of medications and GDP per capita, an
average cost of each medication was taken and used for all countries (Table 1). Costs associated
with neonatal infection were estimated using previously reported costs for cerebral palsy in the
United States, and converted into respective country costs by region using comparative
purchasing power parities.42,43 We used average country monthly wage to estimate indirect
costs,44 and used estimates for rheumatoid arthritis to predict decreases in productivity and
missed work for chronic inflammatory rheumatism.45–48

Each input parameter distribution was randomly sampled and events executed for the total
number of estimated cases in each country. The simulation was run 1,000 times for each country.
Simulations were performed in R version 3.2.2 and package rworldmap was used for
mapping.49,50 All costs are reported in March 2016 US dollars.
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Results
We estimate approximately 39.9 million (range: 1.8–108.9 million) CHIKV cases in the
Americas from 2013–2015, based on PAHO case reports and EF=21.65 (range: 1–59). Our
simulations projected that the emergence of chikungunya in the Americas has caused 23,824,464
DALYs and has created a total cost of $185 billion from a societal perspective, including $83.6
billion in direct costs and $101.4 billion in indirect costs. On average, chronic inflammatory
rheumatism was the source of 91.0% of DALYs, 96.5% of direct costs, and 94.4% of indirect
costs. Indirect costs accounted for 54.9% of total costs. The region with with highest burden of
both cost and disease was the Caribbean, which accounted for 46.4% of total DALYs lost, and
49.0% of total costs (Figure 2).

Estimation of Direct and Indirect Costs
The total societal cost in the Caribbean was $90.7 billion (range: $87.5–$94.0 billion), in the
Andean region was $55.4 billion (range: $54.2–$56.8 billion), in Central America was $33.8
billion (range: $32.4–$35.1 billion), in the Southern Cone was $2.7 billion (range: $1.6–$2.9
billion) and in North America was $2.4 billion (range: $2.1–$2.7 billion) (Table 2). The
countries with the highest total cost were Colombia ($45 billion, range: $44.3–$45.7 billion), the
Dominican Republic ($43.9 billion, range: $43.3–$44.6 billion), and El Salvador ($15.2 billion,
range: $14.8–$15.6 billion). The Caribbean accounted for 49.0% of all costs, the Andean region
accounted for 30.0%, Central America accounted for 18.3%, the Southern Cone for 1.4% and
North America for 1.3%.
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The per-capita cost for chikungunya in Central America was $737 (range: $709–$762), in the
Caribbean was $2,042 (range: $1,981–$2,105), in the Southern Cone was $10 (range: $9–$11),
in the Andean region was $404 (range: $395–412) and in North America was $5 (range: $4.50–
$5.40). Countries and territories with the highest per-capita costs were Saint Barthelemy,
Martinique, and Guadeloupe (Supplementary Table 1).

Estimation of Disease Burden in DALYs
The average burden of disease was 0.60 (95% Confidence Interval [CI]: 0.41–0.83) DALYs per
case. The average societal burden of disease was 2,432 (95% CI: 1,656–3,390) DALYs per
100,000 population, but this varied greatly by region: 24,882 (95% CI: 16,938–34,678) DALYS
per 100,000 population in the Caribbean, 11,440 (95% CI: 7,788–15,943) DALYs per 100,000
population in Central America, 5,094 (95% CI: 3,468–7,100) per 100,000 population in the
Andean region, 122 (95% CI: 83–170) per 100,000 population in the Southern Cone, and 41
(95% CI: 28–57) per 100,000 population in North America (Figure 2). The countries with the
highest disease burden per population were Saint Barthelemy, Martinique, and Guadeloupe—all
in the less Antilles of the Caribbean. Chronic inflammatory rheumatism was the overwhelming
source of DALYs from chikungunya, as 91.0% of all DALYs were associated with this condition

Total DALYs lost also varied by region: we projected 11,050,521 (95% CI:
7,522,687−15,400,992) DALYs in the Caribbean, 6,998,121 (95% CI: 4,763,998−9,753,169)
DALYs in the Andean region, 5,247,959 (95% CI: 3,572,569−7,313,995) DALYs in Central
America, 331413 (225,610−461,884) DALYs in the Southern Cone, and 196,451 (95% CI:
133,822−273,632) DALYs in North America (Table 3).
14

Burden and Cost of Neonatal Infection
We estimate approximately 801 cases of neonatal CHIKV through vertical transmission, of
which 291−379 will develop neonatal encephalopathy in the Americas. Among those with
neonatal encephalopathy, 97−126 will experience lasting disability similar to cerebral palsy, with
impacts on their movement, motor skills, and possibly intellectual capabilities. The total lifetime
cost from a societal perspective for these sequelae is estimated to be $63.3 million (range: $59.4–
$77.3 million). The total burden of disease associated with long-term sequelae from neonatal
infection is 3,707 (95% CI: 2,511–5,013) DALYs.

Sensitivity Analysis
Varying the cost of drugs from the minimum to maximum drug prices resulted in a 18.7%
decrease and 11.9% increase in overall costs, respectively. Varying the expansion factor to EF=1
led to a decrease in cost and DALYs lost by 95.4%, and EF=59 led to an increase in cost and
DALYs by 172.5%.
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Discussion
Our computational simulation model uses data collected from an extensive literature review to
reveal the substantial economic and disease burden of the introduction and continued spread of
CHIKV in the Americas: we estimate a societal cost of $185 billion and a burden of 23.8 million
DALYs through the end of 2015. Chronic inflammatory rheumatism was the source of the vast
majority of cost and DALYs lost. Geographically, we project that the Caribbean region bears
nearly half of all cost and burden associated with the epidemic, followed by the Andean region
and Central America. Not only has the chikungunya epidemic in the Americas created a strain on
health systems, but our per-case estimates indicate that chronic chikungunya conditions may
continue to place substantial strains on individuals, even in lower levels of CHIKV transmission.

The association between acute CHIKV infection and chronic inflammatory rheumatism and
neonatal encephalopathy has been well-established in the literature. While we estimated that only
97−126 children throughout the Americas will develop lasting disabilities from neonatal
infection, these sequelae accounted for a societal cost of $63.3 million (range: $59.4–$77.3
million), which is over $610,000 per case. While disability from neonatal CHIKV is a rare
outcome among vertically transmitted CHIKV cases, it is severe, costly, and warrants increased
attention. The links between depression, sensorineural problems and cerebral effects have been
reported multiple times, but are less thoroughly established. We included them in our analysis in
order to provide as comprehensive of an investigation into the burden of CHIKV as possible, but
further investigation is needed to better understand the relationship between these conditions and
CHIKV. We estimated that depression associated with chikungunya infection accounts for about
8% of total DALYs, but we do not know if this may arise independently of or synergistically
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with chronic inflammatory rheumatism. While no specific links have been drawn between
CHIKV-associated chronic inflammatory rheumatism and depression, past research has reported
positive correlations between depression and rheumatic disorders.51,52

Our estimates for both cost and DALYs lost due to chikungunya are higher than previous costof-illness studies in previous outbreaks. We believe this is due to our accounting for
underreporting, our inclusion of other sequelae beyond chronic inflammatory rheumatism, and
our use of distributions for the durations and prevalence for chronic sequelae, all of which have
not been performed in prior estimates. In an outbreak in Andhra Pradesh, India, burden of
disease was estimated to be 0.03 DALYs per case, but the study reported that chronic joint pain
affected only 4% of individuals lasting for a mean duration of 19 days.26 Few economic and
disease burdens have been estimated for the epidemic in the Americas, and those that have only
capture the first year of virus transmission. For Latin America in 2014, one study suggested that
45.1–50.1% of 855,890 acute CHIKV cases developed chronic inflammatory rheumatism,
creating 151,031–167,950 DALYs lost, or 0.39 DALYs per case.28 Our per-case estimate of 0.60
DALYs is slightly higher, potentially due to our use of distributions of chronic rheumatism
durations instead of a point estimate. Another study in Colombia in 2014 found that chronic
rheumatic symptoms were responsible for at least 95% of total estimated costs, similar to our
estimate of 91%.27 However, because this study was conducted before the majority of cases in
the country occurred, we find higher overall estimates for burden and costs.

The cost and burden of chikungunya proves to be substantial even in comparison to other major
diseases in the Americas. The annual cost of dengue in the Americas has been estimated to be $2
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billion per year, causing about 72,277 DALYs annually.33 In just over two years of epidemic
chikungunya transmission, the cost has been over 46 times that predicted cost of dengue in the
same period, and over 150 times the number of DALYs, even though dengue’s case fatality rate
is higher than that of chikungunya. Chagas, a disease with a multi-year chronic phase, is
estimated to account for approximately 806,170 DALYs and $627.5 million annually.53 In
countries eligible for the GAVI, the Vaccine Alliance, (Bolivia, Cuba, Guyana, Haiti, Honduras,
and Nicaragua), it has been estimated that the impact of introducing a vaccine for human
papilloma virus (HPV), vaccination would save 31,384 DALYS,54 and for rotavirus vaccine
would save 50,063 DALYs.55 In these same countries, the burden of disease from chikungunya
during this epidemic was projected to be 3.1 million (2.1−4.3 million) DALYs and cost to be
$18.6 billion ($17.7−$19.5 billion). Given a sufficient susceptible population, future epidemics
of chikungunya in the Americas or elsewhere may be possible, and ample efforts should be made
for prevention measures for this costly disease.

It is likely that we underestimate the true cost and burden of chikungunya in the Americas. First,
our model only included individuals who sought care for acute infection, omitting a potentially
significant portion of infected individuals who chose not or were unable to seek medical care.
Care-seeking behaviors have yet not been well documented for chikungunya: early investigations
in Puerto Rico and Suriname recorded that 63% of CHIKV-positive and 79.5% of CHIKVsuspected participants sought care, respectively.30,56 Care-seeking behavior can vary largely by
region, environment, and economic status,57 which interferes with the ability to accurately
account for these variations across such a diverse region. Next, we may have underestimated
total costs for medical services: we used values from the WHO-CHOICE project, which reports
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costs from the public sector per country,38 excluding often higher costs from services used in the
private sector, and we did not include costs that might be introduced from physical therapy,
patient education, surgery or other related medical needs. Finally, we did not include costs of
vector control, increased surveillance, or loses of tourism revenue, which are all potentially
important arenas of cost from a society perspective.58

A major strength of our study was the consideration of sequelae beyond chronic inflammatory,
such as cognitive delays from CHIKV-associated neonatal encephalitis. Furthermore, our use of
distributions for prevalence and durations of sequelae allows us to model outcomes that reflect
the uncertainty and variety of real-world disease progression scenarios. Our study also had
several limitations. First, we did not differentiate between chronic arthralgia and arthritis in
accounting for treatments for chronic inflammatory rheumatisms. While past studies assessing
long-term effects of CHIKV infection did not differentiate between these two sequelae, the
conditions do differ in prevalence and duration; arthritis is rarer than arthralgia, but often
requires costlier treatments.59 Therefore, by assessing the two in the same manner, we likely
overestimate the true cost and burden of disease. There are also several limitations in using an
average expansion factor for dengue in order to account for underreporting of chikungunya. The
two diseases may have different reporting patterns for a variety of reasons: for instance, as a new
disease to the region, chikungunya may be more likely to be under-recognized or misdiagnosed,
doctors may not reliably report cases due to high patients loads, and there may be a lag or deficit
in reporting chikungunya due to the novel nature of the surveillance system. Surveillance system
structure varies substantially between and within countries, and using an average underreporting
factors ignores that heterogeneity. Additionally, we did not account for over-reporting in our
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analysis, which may contribute to an overestimate of cost and burden of disease: as almost all
countries report all suspected cases without laboratory confirmation, there are likely to be cases
reported that are misdiagnosed as CHIKV. We assumed that the progression of treatment and
medication choices and doses were the same for each country, which may not accurately reflect
variations in treatment and prescription practices. Finally, estimates on a region or country scale
overlook heterogeneity of burden or costs within countries.

As demonstrated by CHIKV, when novel viruses transmitted by the Aedes aegypti mosquito are
introduced to the Americas, they have the potential to rapidly spread through immunologically
naïve populations and create considerable economic costs and health burdens. Increased efforts
to implement and design more effective vector control methods would curb the burdens created
not only by CHIKV, but by DENV, zika virus, and other mosquito-borne pathogens yet to
emerge or reemerge. Additional efforts to find alternative and less costly methods for treating or
managing long-term pain caused by CHIKV infection remain important, given the high
proportion of the population of the Americas experiencing sequelae currently or in the future.

20

References
1.
2.
3.
4.
5.
6.
7.

8.

9.

10.
11.
12.

13.

Fischer M, Staples JE. Notes from the field: Chikungunya virus spreads in the Americas—
Caribbean and South America, 2013–2014. Morb Mortal Wkly Rep. 2014;63(22):500–1.
Pan American Health Organization, World Health Organization. Number of reported cases
of chikungunya fever in the Americas, by country or territory 2013-2015 (to week noted)
[Internet]. 2015. Available from: http://www.paho.org/hq/index.php?Itemid=40931
CDC, Pan American Health Organization. Preparedness and Response Plan for
Chikungunya Virus Introduction in the Caribbean sub-region. Kingston, Jamaica; 2012.
Bintner M, Tournebize P, Renouil M, Michault A. Chikungunya virus-associated
encephalitis. 2015;94–102.
Borgherini G, Poubeau P, Jossaume A, Gouix A, Cotte L, Michault A, et al. Persistent
arthralgia associated with chikungunya virus: a study of 88 adult patients on reunion
island. Clin Infect Dis. 2008;47:469–75.
Win MK, Chow A, Dimatatac F, Go CJ, Leo YS. Chikungunya fever in Singapore: Acute
clinical and laboratory features, and factors associated with persistent arthralgia. J Clin
Virol. 2010;49(2):111–4.
Gérardin P, Fianu A, Malvy D, Mussard C, Boussaïd K, Rollot O, et al. Perceived
morbidity and community burden after a Chikungunya outbreak: the TELECHIK survey,
a population-based cohort study. BMC Med [Internet]. BioMed Central Ltd; 2011;9(1):5.
Available from: http://www.biomedcentral.com/1741-7015/9/5
Moro ML, Grilli E, Corvetta A, Silvi G, Angelini R, Mascella F, et al. Long-term
chikungunya infection clinical manifestations after an outbreak in Italy: A prognostic
cohort study. J Infect [Internet]. Elsevier Ltd; 2012;65:165–72. Available from:
http://dx.doi.org/10.1016/j.jinf.2012.04.005
Schilte C, Staikowsky F, Staikovsky F, Couderc T, Madec Y, Carpentier F, et al.
Chikungunya virus-associated long-term arthralgia: a 36-month prospective longitudinal
study. PLoS Negl Trop Dis [Internet]. 2013 Jan [cited 2015 Jan 5];7(3):e2137. Available
from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3605278&tool=pmcentrez&re
ndertype=abstract
Ramachandran V, Kaur P, Kanagasabai K, Vadivoo S, Murhekar M. Persistent arthralgia
among Chikungunya patients and associated risk factors in Chennai, South India. J
Postgrad Med. 2014;60(1):3–6.
Rahim AA, Thekkekara RJ, Bina T, Paul BJ. Disability with Persistent Pain Following an
Epidemic of Chikungunya in Rural South India. J Rheumatol [Internet]. 2016;43(2):440–
4. Available from: http://www.jrheum.org/cgi/doi/10.3899/jrheum.141609
Marimoutou C, Vivier E, Oliver M, Boutin J-P, Simon F. Morbidity and impaired quality
of life 30 months after chikungunya infection. Medicine (Baltimore) [Internet].
2012;91(4):212–9. Available from:
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00005792201207000-00005
Soumahoro M-K, Gérardin P, Boëlle P-Y, Perrau J, Fianu A, Pouchot J, et al. Impact of
Chikungunya virus infection on health status and quality of life: a retrospective cohort
study. PLoS One [Internet]. 2009;4(11):e7800. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2771894&tool=pmcentrez&re
21

14.
15.

16.
17.
18.

19.
20.
21.
22.
23.
24.
25.
26.
27.

28.

ndertype=abstract
Sissoko D, Malvy D, Ezzedine K, Renault P, Moscetti F, Ledrans M, et al. Post-epidemic
Chikungunya disease on reunion island: Course of rheumatic manifestations and
associated factors over a 15-month period. PLoS Negl Trop Dis. 2009;3(3):1–6.
Couturier E, Guillemin F, Mura M, Léon L, Virion J-M, Letort M-J, et al. Impaired
quality of life after chikungunya virus infection: a 2-year follow-up study. Rheumatology
(Oxford) [Internet]. 2012 Jul [cited 2015 Jan 4];51(7):1315–22. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22427407
Javelle E, Ribera A, Isabelle D, Gaüzère B-A, Marimoutou C, Simon F. Specific
Management of Post-Chikungunya Rheumatic Disorders: A Retrospective Study of 159
Cases in Reunion Island from 2006-2012. PLoS Negl Trop Dis. 2015;9(3).
Gérardin P, Barau G, Michault A, Bintner M, Randrianaivo H, Choker G, et al.
Multidisciplinary prospective study of mother-to-child chikungunya virus infections on
the island of La Réunion. PLoS Med. 2008;5(3):0413–23.
Gérardin P, Sampériz S, Ramful D, Boumahni B, Bintner M, Alessandri JL, et al.
Neurocognitive Outcome of Children Exposed to Perinatal Mother-to-Child Chikungunya
Virus Infection: The CHIMERE Cohort Study on Reunion Island. PLoS Negl Trop Dis.
2014;8(7).
Robin S, Ramful D, Le Seach’ F, Jaffar-Bandjee M-C, Rigou G, Alessandri J-L.
Neurologic manifestations of pediatric chikungunya infection. J Child Neurol.
2008;23(9):1028–35.
Gupta D, Bose A, Rose W. Acquired Neonatal Chikungunya Encephalopathy. Indian J
Pediatr. 2015;82(11):1065–6.
World Health Organisation. Guidelines on clinical management of chikungunya fever.
World Heal Organ [Internet]. 2008;Regional office of South East Asia, New Deli, Ind.
Simon F, Javelle E, Cabie A, Bouquillard E, Troisgros O, Gentile G, et al. French
guidelines for the management of chikungunya (acute and persistent presentations).
November 2014. Med Mal Infect. 2015;45(7):243–63.
Cardiel M, Pons-Estel B, Sacnun M, Wojdyla D, Saurit V, Marcos J, et al. Treatment of
Early Rheumatoid Arthritis in a Multinational Inception Cohort of Latin American
Patients: The GLADAR Experience. J Clin Rheumatol. 2012;18(7):327–35.
Khoury V, Kourilovitch M, Massardo L. Education for patients with rheumatoid arthritis
in Latin America and the Caribbean. Clin Rheumatol. 2015;34:45–9.
Soumahoro MK, Boelle PY, Gaüzere BA, Atsou K, Pelat C, Lambert B, et al. The
Chikungunya epidemic on La Réunion Island in 2005-2006: A cost-of-illness study. PLoS
Negl Trop Dis. 2011;5(6).
Seyler T, Hutin Y, Ramanchandran V, Ramakrishnan R, Manickam P, Murhekar M.
Estimating the burden of disease and the economic cost attributable to chikungunya,
Andhra Pradesh, India, 2005-2006. Trans R Soc Trop Med Hyg. 2010;104(2):133–8.
Cardona-Ospina JA, Villamil-Gómez WE, Jimenez-Canizales CE, Castañeda-Hernández
DM, Rodríguez-Morales AJ. Estimating the burden of disease and the economic cost
attributable to chikungunya, Colombia, 2014. Trans R Soc Trop Med Hyg [Internet].
2015;109(12):793–802. Available from: http://www.ncbi.nlm.nih.gov/pubmed/26626342
Cardona-Ospina JA, Diaz-Quijano FA, Rodríguez-Morales AJ. Burden of chikungunya in
Latin American countries: Estimates of disability-adjusted life-years (DALY) lost in the
2014 epidemic. Int J Infect Dis. 2015;38:60–1.
22

29.
30.
31.
32.
33.
34.
35.

36.

37.
38.
39.
40.

41.
42.
43.
44.
45.

World Health Organization. Number of reported cases of chikungunya fever in the
Americas , by country or territory 2015 (to week noted).
2016;http://www.paho.org/hq/index.php?option=com_topics.
Sharp TM, Roth NM, Torres J, Ryff KR, Rodríguez NMP, Mercado C, et al. Chikungunya
Cases Identified Through Passive Surveillance and Household Investigations — Puerto
Rico , May 5 – August 12 , 2014. 2014;63(48).
Secretaría de Salud. Lineamientos Estandarizados para la Vigilancia Epidemiológica y
Diagnóstico por Laboratorio de Fiebre Chikungunya. 2014;
Ministerio de Salud Pública y Asistencia Social. Protocolo de vigilancia epidemiológica
de enfermedad de chikungunya. Gob Guatemala. 2014;
Shepard DS, Coudeville L, Halasa YA, Zambrano B, Dayan GH. Economic impact of
dengue illness in the Americas. Am J Trop Med Hyg. 2011;84(2):200–7.
Toan NT, Rossi S, Prisco G, Nante N, Viviani S. Dengue epidemiology in selected
endemic countries: Factors influencing expansion factors as estimates of underreporting.
Trop Med Int Heal. 2015;20(7):840–63.
Salomon JA, Haagsma JA, Davis A, de Noordhout CM, Polinder S, Havelaar AH, et al.
Disability weights for the Global Burden of Disease 2013 study. Lancet Glob Heal.
Salomon et al. Open Access article distributed under the terms of CC BY-NC-ND;
2015;3(11):e712–23.
Rodriguez-Morales AJ, Cardona-Ospina JA, Villamil-Gómez W, Paniz-Mondolfi AE.
How many patients with post-chikungunya chronic inflammatory rheumatism can we
expect in the new endemic areas of Latin America? Rheumatol Int [Internet]. Springer
Berlin Heidelberg; 2015;35(12):2091–4. Available from:
"http://dx.doi.org/10.1007/s00296-015-3302-5
World Bank. Life expectancy at birth, total (years) [Internet]. Data. 2016 [cited 2016 Mar
15]. Available from: http://data.worldbank.org/indicator/SP.DYN.LE00.IN
World Health Organization. WHO-CHOICE Unit Cost Estimates for Service Delivery.
2011.
Jaillier JCR, Arango AMP, Pérez DAM. Challenges faced in Latin America for the
implementation of an ideal health-care model for rheumatoid arthritis patients: are we
ready? Clin Rheumatol. 2015;34:79–93.
Burgos-Vargas R, Catoggio LJ, Galarza-Maldonado C, Ostojich K, Cardiel MH. Current
therapies in rheumatoid arthritis: A Latin American perspective. Reumatol Clínica
(English Ed [Internet]. 2013;9(2):106–12. Available from:
http://www.sciencedirect.com/science/article/pii/S2173574313000130
World Bank Group. GDP per capita (current US$) [Internet]. 2016 [cited 2016 Mar 1].
Available from: http://data.worldbank.org/indicator/NY.GDP.PCAP.CD
Honeycutt A, Dunlap L, Chen H, al Homsi G, Grosse S, Schendel D. Economic Costs
Associated with Mental Retardation, Cerebral Palsy, Hearing Loss, and Vision
Impairment — United States, 2003. Morb Mortal Wkly Rep. 2004;53(3):57–9.
World Bank. Purchasing Power Parities and the Real Size of World Economies: A
Comprehensive Report of the 2011 International Comparison Program. Vol. 53.
Washington, DC; 2015.
International Labour Organization. Country Profiles [Internet]. ILOSTAT Database. 2011
[cited 2016 Mar 10]. Available from: http://www.ilo.org/ilostat/faces/home/statisticaldata
Burton WN, Chen C-Y, Schultz AB, Conti DJ, Pransky G, Edington DW. Worker
23

46.
47.
48.

49.
50.
51.

52.

53.
54.
55.
56.

57.
58.

productivity loss associated with arthritis. Dis Manag [Internet]. 2006;9(3):131–43.
Available from: http://www.scopus.com/inward/record.url?eid=2-s2.033745589813&partnerID=tZOtx3y1
Bansback N, Zhang W, Walsh D, Kiely P, Williams R, Guh D, et al. Factors associated
with absenteeism, presenteeism and activity impairment in patients in the first years of
RA. Rheumatology. 2012;51(2):375–84.
Escorpizo R, Bombardier C, Boonen A, Hazes JMW, Lacaille D, Strand V, et al. Worker
productivity outcome measures in arthritis. J Rheumatol. 2007;34(6):1372–80.
Gunnarsson C, Chen J, Rizzo JA, Ladapo JA, Naim A, Lofland JH. The Employee
Absenteeism Costs of Rheumatoid Arthritis. J Occup Environ Med [Internet].
2015;57(6):635–42. Available from:
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00043764201506000-00005
R Core Team. R: A language and environment for statistical computing. R Found Stat
Comput [Internet]. Vienna, Austria; 2015; Available from: https://www.r-project.org/
South A. rworldmap: A New R package for Mapping Global Data. R J [Internet].
2011;3(1):35–43. Available from: http://journal.r-project.org/archive/20111/RJournal_2011-1_South.pdf
Branco JC, Rodrigues AM, Gouveia N, Eusébio M, Ramiro S, Machado PM, et al.
Prevalence of rheumatic and musculoskeletal diseases and their impact on health-related
quality of life, physical function and mental health in Portugal: results from EpiReumaPta national health survey. RMD open [Internet]. 2016;2(1):e000166. Available from:
http://rmdopen.bmj.com/content/2/1/e000166.full
Lu M-C, Guo H-R, Lin M-C, Livneh H, Lai N-S, Tsai T-Y. Bidirectional associations
between rheumatoid arthritis and depression: a nationwide longitudinal study. Sci Rep
[Internet]. Nature Publishing Group; 2016;6(February):20647. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4746638&tool=pmcentrez&re
ndertype=abstract
Lee BY, Bacon KM, Bottazzi ME, Hotez PJ. Global economic burden of Chagas disease:
A computational simulation model. Lancet Infect Dis [Internet]. Elsevier Ltd;
2013;13(4):342–8. Available from: http://dx.doi.org/10.1016/S1473-3099(13)70002-1
Goldie SJ, O’Shea M, Campos NG, Diaz M, Sweet S, Kim SY. Health and economic
outcomes of HPV 16,18 vaccination in 72 GAVI-eligible countries. Vaccine.
2008;26(32):4080–93.
Kim S-Y, Sweet S, Slichter D, Goldie SJ. Health and economic impact of rotavirus
vaccination in GAVI-eligible countries. BMC Public Health [Internet]. 2010;10(1):253.
Available from: http://www.biomedcentral.com/1471-2458/10/253
van Genderen FT, Krishnadath I, Sno R, Grunberg MG, Zijlmans W, Adhin MR. First
Chikungunya Outbreak in Suriname; Clinical and Epidemiological Features. PLoS Negl
Trop Dis [Internet]. 2016;10(4):e0004625. Available from:
http://dx.plos.org/10.1371/journal.pntd.0004625
Geldsetzer P, Williams TC, Kirolos A, Mitchell S, Ratcliffe LA, Kohli-Lynch MK, et al.
The recognition of and care seeking behaviour for childhood illness in developing
countries: A systematic review. PLoS One. 2014;9(4).
Mavalankar D V. Quantifying the Impact of Chikungunya and Dengue on Tourism
Revenues Quantifying the Impact of Chikungunya and Dengue on Tourism Revenues.
24

59.
60.
61.
62.
63.

64.
65.

66.
67.
68.
69.
70.
71.
72.

2009;
Rodriguez-Morales AJ, Cardona-Ospina JA, Urbano-Garzón SF, Hurtado-Zapata JS.
Prevalence of post-Chikungunya Chronic Inflammatory Rheumatism: A Systematic
Review and Meta-Analysis. Arthritis Care Res (Hoboken). 2016;
Sergon K, Njuguna C, Kalani R, Ofula V, Onyango C, Konongoi LS, et al.
Seroprevalence of Chikungunya Virus (CHIKV) Infection on Lamu Island, Kenya,
October 2004. 2008;78(October 2004):333–7.
Sergon K, Yahaya AA, Brown J, Bedja SA, Mlindasse M, Agata N, et al. Seroprevalence
of chikungunya virus infection on Grande Comore Island, Union of the Comoros, 2005.
Am J Trop Med Hyg. 2007;76(6):1189–93.
Gopalan SS, Das A. Household economic impact of an emerging disease in terms of
catastrophic out-of-pocket health care expenditure and loss of productivity: Investigation
of an outbreak of chikungunya in Orissa, India. J Vector Borne Dis. 2009;46(1):57–64.
Couturier E, Guillemin F, Mura M, Léon L, Virion J-M, Letort M-J, et al. Impaired
quality of life after chikungunya virus infection: a 2-year follow-up study. Rheumatology
(Oxford) [Internet]. 2012;51(7):1315–22. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22427407
Ministerio de Salud de Peru. Observatorio de Productos Farmacéuticos. Sistema Nacional
de Información de Precios. 2016.
Ministerio de Salud Pública. Consejo Nacional de Fijación y Revisión de Precios de
Medicamentos de Uso Humano [Internet]. Secretaría Técnica de Fijación de Precios.
2013. Available from: http://www.industrias.gob.ec/wpcontent/uploads/downloads/2013/10/PREC_MEDIC_30_SEPT_2013.pdf
Autoridad de Protección al Consumidor y Defensa de la Competencía. Precio Promedio y
Precio Mínimo Unitario de la Canasta Básica de Medicamentos [Internet]. 2016.
Available from: http://www.autoridaddelconsumidor.gob.pa/acodeco/cabamed.php
The National Insurance Property Development Company Limited. Ministry of Health
Pharmaceutical Price List [Internet]. 2008. Available from: www.health.gov.tt/downloads/
Ministerio de Salud: Estado Plurinacional de Bolivia, Unidad de Medicamentos y
Technología en Salud. Lista Nacional de Medicamentos Esenciales Liname 2014-2016
[Internet]. 2016. Available from: http://unimed.minsalud.gob.bo/snus/precios.htm#
Programa de Medicamentos Esenciales PROMESE/CAL. Precios de Venta [Internet].
2015. Available from: http://promesecal.gob.do/wp-content/uploads/2015/05/LISTADODE-PRECIOS-MAYO-2015.pdf
Universidad Nacional de Piura. Servicios de Radiología [Internet]. [cited 2016 Mar 3].
Available from:
http://www.unp.edu.pe/hospitalunp/images/stories/datosvariados/radiologia.pdf
Corporacion para Estudios en Salud. Tarifas Imagenología [Internet]. 2012 [cited 2016
Mar 3]. Available from: http://www.clinicaces.com/userfiles/file/tarifas
imagenolog%C3%ADa imagenologia 2012.pdf
Ohinmaa AE, Thanh NX, Barnabe C, Martin L, Russell AS, Barr SG, et al. Canadian
estimates of health care utilization costs for rheumatoid arthritis patients with and without
therapy with biologic agents. Arthritis Care Res [Internet]. 2014;66(9):1319–27. Available
from: http://www.scopus.com/inward/record.url?eid=2-s2.084904816660&partnerID=40&md5=8ba5ac429a981080364a98b68daa4c6f\nhttp://onlinel
ibrary.wiley.com/store/10.1002/acr.22293/asset/acr22293.pdf?v=1&t=idw643l3&s=afa5a
25

73.

2553a06d533aeb2326bb13f4539ec7ef99a
Catay E, del Cid CC, Narváez L, Velozo EJ, Rosa JE, Catoggio LJ, et al. Cost of
rheumatoid arthritis in a selected population from argentina in the prebiologic therapy era.
Clin Outcomes Res. 2012;4(1):219–25.

26

Tables and Figures
Table 1. Input parameters values and definitions.
Definition
Values
Probabilities and Duration Distributions
Length of Acute Illness
2−21 days

Distribution

References

Truncated
exponential,
λ=0.143

6,30,60

Length of Hospitalization
3−15 days
Probability of Hospitalization
0.13−0.15
Probability of Chronic Inflammatory
0.1270−0.6383
Rheumatism
Probability of missing work during acute
0.52−1.00
illness
Decrease in productivity from chronic
0.07−0.25
inflammatory rheumatism
Time absent from work due to chronic
0.2−0.344
inflammatory rheumatism (days lost per
month)
Probability of methotrexate failure and
0.13
commencement of biologics
Probability of depression
0.07–0.19
Probability of sensorineural problems
0.05–0.24
Probability of headache
0.06–0.22
Length of time to seeing rheumatologist
3−24 months
post-acute disease
Probability of access to biologics
0.6–1
Probability of vertical transmission in a
0.0025
pregnancy
Probability of developing severe neonatal 0.364−0.474
encephalitis given infection
DALY Calculations: Disability Weights (DW)
Acute Illness (DW: Moderate Infectious
0.051 (95% CI:
Disease)
0.032, 0.074)
Severe Acute Illness (DW: Severe
0.133 (95% CI:
Infection Disease
0.088, 0.190)
Chronic Inflammatory Rheumatism (DW: 0.317 (95% CI:
Generalized moderate musculoskeletal
0.216, 0.440)
disorder)
Depression (DW: Major Depressive
0.145 (95% CI:
Disorder, Mild Episode)
0.099, 0.209)
Sensorineural (DW: Moderate Hearing
0.027 (95%CI: 0.015,
Loss)
0.042)
Persistent Headache (DW: Tension Type
0.037 (95% CI:
Headache)
0.022, 0.057)
Neonatal infection-associated severe
0.542 (95% CI:
cognitive disability (DW: Motor and
0.374, 0.702)
Cognitive Impairments Severe)
Neonatal infection-associated moderate
0.203 (95%CI: 0.134,
cognitive disability (DW: Motor and
0.290)
Cognitive Impairments Moderate):
Medication Costs
Acetaminophen cost per day (mean,
$0.41 ($0.04–$1.32)
range)

Uniform
Uniform
Uniform

13,30

Uniform

61,62

Uniform

45,46

Uniform

14,30
5–15

47,48

--

16

Uniform
Uniform
Uniform
Uniform

7,13,63

Uniform
--

40

Uniform

17,18

7–9,16
7–9
16,39

17

35

35

35

35

35
35

35

35

64–69
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NSAIDs cost per day (mean, range)
Methotrexate cost per week (mean, range)
Folic Acid cost per day, (mean, range)
Biologics cost per week (mean, range)
Hospitalization Cost, per day
Cost per outpatient visit
Cost of x-ray
Cost of rheumatologist per year

$0.33 ($0.06–$0.60)
$1.66 ($0.23–$4.26)
$0.07 ($0.02–$0.21)
$491.51 ($283.58–
$611.00)
Country-specific
Country-specific
Country-specific
Country-specific

64–67
64,65,67,68
64,65,68
65

38
38
70,71
72,73
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Direct Acute
Costs

$1,454,831,470
($1,405,877,033−
$1,505,423,710)

$315,068,079
($308,361,490−
$321,798,634)

$1,029,396,500
($1,011,935,000−
$1,045,309,900)

$15,433,260
($14,102,568−
$16,623,200)

$105,400,240
($93,100,432−
$118,170,280)

$2,920,129,549
($2,833,376,523−
$3,007,325,724)

1.58%

Region

Caribbean

Central
America

Andean
Region

Southern
Cone

North
America

Total

Percent of
Total Cost

43.59%

$80,635,848,900
($75,011,671,069−
$85,603,400,000)

$745,272,000
($599,815,890−
$907,642,000)

$1,124,117,000
($131,279,638−
$1,328,121,000)

$23,405,410,000
($22,399,965,000−
$24,471,520,000)

$17,481,331,900
($16,284,525,041−
$18,569,874,000)

$37,879,718,000
($35,596,085,500−
$40,326,243,000)

Direct Chronic
Costs

3.07%

$5,676,286,410
($5,634,531,670−
$5,721,110,940)

$85,377,900
($82,647,800−
$88,084,800)

$85,136,700
($83,494,190−
$86,596,900)

$1,735,253,500
($1,727,698,500−
$1,743,667,000)

$896,405,120
($890,258,460−
$901,931,830)

$2,874,113,190
($2,850,432,720−
$2,900,830,410)

Indirect Acute
Cost

51.73%

$95,702,813,400
($94,215,461,782−
$97,138,122,100)

$1,439,025,000
($1,346,193,600−
$1,535,370,000)

$1,434,858,000
($1,386,642,900−
$1,484,908,000)

$29,257,400,000
($28,980,390,000−
$29,510,960,000)

$15,111,738,400
($14,887,560,282−
$15,291,774,100)

$48,459,792,000
($47,614,675,000−
$49,315,110,000)

Indirect Chronic
Costs

0.04%

$68,336,683
($59,366,474−
$77,306,892)

$1,046,361
($909,011−
$1,183,712)

$842,295
($731,731−
$952,859)

$20,355,411
($17,683,460−
$23,027,363)

$17,707,949
($15,383,516−
$20,032,381)

$28,384,667
($24,658,756−
$32,110,578)

Perinatal
Sequelae Costs

$185,003,414,942
($177,754,407,518−
$191,547,265,656)

$2,376,121,501
($2,122,666,733−
$2,650,450,792)

$2,660,387,255
($1,616,251,027−
$2,917,201,959)

$55,447,815,411
($54,137,671,960−
$56,794,484,263)

$33,822,251,448
($32,386,088,789−
$35,105,410,945)

$90,696,839,327
($87,491,729,009−
$94,079,717,698)

Total

Table 2. Region estimates for economic burden of chikungunya in the Americas (means and ranges).

1.3%

1.4%

30.0%

18.3%

49.0%

Percent of
Total Cost

Percent of
Total
DALYs

Total

Southern
Cone
North
America

Andean
Region

0.24%

56459
(36053−81510)

16579
(10587−23935)
785
(501−1133)
473
(302−683)

12434
(7940−17951)

26188
(16723−37807)

Caribbean

Central
America

Acute Illness

Region

91.00%

21681302
(14773380−30093922)

6367138
(4338491−8837668)
301527
(205457−418524)
181743
(123837−252262)

4774795
(3253488−6627476)

10056099
(6852106−13957993)

Chronic Joint Pain

8.22%

1959473
(1337847−2824344)

576464
(393586−830903)
27309
(18645−39362)
13147
(8976−18949)

432338
(295183−623163)

910216
(621458−1311966)

Depression

0.10%

23884
(9646−45375)

7012
(2805−13323)
332
(133−631)
201
(174−381)

5259
(2104−9993)

11080
(4431−21047)

Sensorineural

0.42%

99639
(59249−153510)

29270
(17406−45098)
1384
(823−2132)
835
(496−1286)

21930
(13040−33786)

46220
(27484−71208)

Cerebral

0.02%

3707
(2511−5013)

1658
(1123−2242)
76
(51−102)
53
(36−71)

1203
(815−1627)

718
(486−971)

Perinatal
Sequelae

Table 3. DALYs by region and chikungunya-related condition for the Americas (means and 95% CI).

331413
(225610−461884)
196451
(133822−273632)
23824464
(16218686−33203674)

6998121
(4763998−9753169)

11050521
(7522687−15400992)
5247959
(3572569−7313995)

Total

0.8%

1.4%

29.4%

22.0%

46.4%

Percent
of Total
DALYs

Figure 1. Model Diagram for the Progression of Treatment for Post-CHIKV Chronic
Inflammatory Rheumatism.

Figure 2. Maps of DALYs per population and cost per capita by country in the Americas
from 2013−2015.

Supplementary Table 1. Country-specific estimates for economic cost and burden of
disease in the Americas, 2013–2015.
Country

Total Cost

Total Cost
per Case

Total DALYs

Total DALYs
per 100,000

$184,945,005,700

Total
Costs Per
Capita
$189

Total Americas

$4,628

23,824,464

2,432

North America

$2,375,166,000

$5

$7,091

196,451

41

Bermuda

$5,816,000

$84

$20,662

164

236

Canada

$62,350,000

$2

$13,519

2,704

8

Mexico

$1,123,000,000

$9

$4,408

149,417

123

USA

$1,184,000,000

$4

$15,722

44,165

14

Central
American
Isthmus
Belize

$33,802,188,700

$737

$3,841

5,247,959

11,440

$258,700

$1

$3,983

38
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Costa Rica

$32,290,000

$7

$5,232

3,681

75

El Salvador

$15,230,000,000

$2,386

$4,017

2,260,945

35,421

Guatemala

$5,119,000,000

$323

$3,922

778,595

4,909

Honduras

$7,222,000,000

$874

$3,676

1,171,706

14,184

Nicaragua

$6,171,000,000

$1,000

$3,574

1,029,819

16,696

Panama

$27,640,000

$7

$5,189

3,174

81

Andean Area

$55,437,110,000

$404

$4,724

6,998,121

5,094

Bolivia

$87,470,000

$8

$3,797

13,742

127

Colombia

$45,000,000,000

$920

$4,614

5,816,880

11,889

Ecuador

$3,246,000,000

$203

$4,448

435,244

2,723

Peru

$27,640,000

$1

$3,422

3,318

11

Venezuela

$7,076,000,000

$229

$5,788

728,937

2,363

Southern Cone

$2,659,517,000

$10

$4,787

331,413

122

Argentina

$11,220,000

$0

$6,243

1,072

3

Brazil

$2,261,000,000

$11

$4,915

274,371

136

Chile

$3,597,000

$0

$5,933

362

2

Uruguay

$0

$0

$0

-

-

Paraguay

$383,700,000

$55

$4,116

55,607

804

Caribbean

$90,671,024,000

$2,042

$4,893

11,050,521

24,882

Anguilla

$20,480,000

$1,280

$7,220

1,689

10,556

Antigua and
Barbuda
Aruba

$188,900,000

$2,076

$5,975

18,851

20,716

$263,100,000

$2,381

$8,311

18,875

17,082

Bahamas

$18,190,000

$48

$7,778

1,395

365
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Barbados

$257,800,000

$891

$6,370

24,136

8,337

British Virgin
Islands
Cayman Islands

$89,030,000

$2,739

$10,436

5,088

15,657

$91,810,000

$1,669

$15,363

3,564

6,479

Curacao

$409,900,000

$2,779

$7,064

34,597

23,456

Dominica

$379,100,000

$5,193

$4,653

48,583

66,552

Grenada

$328,900,000

$2,990

$4,906

39,982

36,348

Guyana

$465,600,000

$579

$3,971

69,923

8,702

Jamaica

$244,200,000

$87

$6,231

23,384

836

Montserrat

$14,950,000

$2,990

$5,480

1,627

32,541

Saint Kitts and
Nevis
Saint Lucia

$89,500,000

$1,755

$6,310

8,456

16,581

$89,950,000

$552

$4,705

11,401

6,994

Saint Vincent and
the Grenadines

$136,900,000

$1,336

$4,539

17,988

17,549

Sint Maarten

$63,080,000

$1,577

$6,198

6,068

15,171

Suriname

$135,700,000

$250

$5,120

15,803

2,908

Trinidad and
Tobago
Turks and Caicos
Islands

$56,930,000

$42

$7,621

4,455

332

$5,201,000

$106

$9,238

335

684

US Virgin Islands

$414,500,000

$3,986

$10,415

23,732

22,819

Cuba

$1,903,000

$0

$4,394

258

2

Dominican
Republic
French Guiana

$43,920,000,000

$4,172

$3,761

6,962,392

66,132

$3,423,000,000

$13,424

$6,937

294,238

115,387

Guadeloupe

$13,590,000,000

$29,038

$7,674

1,055,808

225,600

Haiti

$4,704,000,000

$450

$3,357

835,591

7,988

Martinique

$12,900,000,000

$31,891

$8,045

956,243

236,401

Puerto Rico

$6,957,000,000

$1,888

$8,984

461,774

12,535

Saint Barthelemy

$453,500,000

$50,389

$11,309

23,908

265,647

Saint Martin

$957,900,000

$26,608

$7,107

80,376

223,267
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