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Abstract.

We have reported the epidemic patterns of dengue disease in the Region of the Americas from 1980 through

2007. Dengue cases reported to the Pan American Health Organization were analyzed from three periods: 1980-1989
(80s), 1990-1999 (90s), and 2000-2007 (2000-7). Age distribution data were examined from Brazil, Venezuela, Honduras,
and Mexico. Cases increased over time: 1,033,417 (80s) to 2,725,405 (90s) to 4,759,007 (2000-7). The highest concentra-
tions were reported in the Hispanic Caribbean (39.1%) in the 80s shifting to the Southern Cone in the 90s (55%) and
20007 (62.9%). From 1980 through 1987, 242 deaths were reported compared with 1,391 during 2000-7. The most fre-
quently isolated serotypes were DENV-1 and DENV-2 (90s) and DENV-2 and DENYV-3 (2000-7). The highest incidence
was observed among adolescents and young adults; dengue hemorrhagic fever incidence was highest among infants in
Venezuela. Increasing dengue morbidity/mortality was observed in the Americas in recent decades.

INTRODUCTION

Dengue is a mosquito-borne disease, caused by serologi-
cally related but antigenically distinct single-strand positive-
sense RNA viruses; the viruses have been grouped into four
serotypes (DENV-1 through DENV-4) belonging to the genus
Flavivirus (family Flaviviridae).! Aedes aegypti is the primary
mosquito vector; however, other species from the genus Aedes,
such as Aedes albopictus, can also be vectors of dengue virus
transmission.

The clinical spectrum of disease includes asymptomatic
infection, mild dengue fever (DF), dengue hemorrhagic fever
(DHF), or dengue shock syndrome, which is frequently fatal
because of abnormal capillary permeability and plasma leak-
age.” Unusual manifestations such as miocardiopathy, hepatic
failure, and neurological disorders have also been reported.?
There is no specific treatment of dengue illness as yet, and vec-
tor control is the only preventive strategy.

Dengue incidence and prevalence are rising in endemic areas
of the tropical and subtropical regions. On the basis of mathemat-
ical model estimates, approximately 50 million infections occur
each year.* Dengue infection occurs in more than 100 countries
in the Asia-Pacific, the Americas, the Middle East, and Africa,
and cases continue to rise worldwide.>® In the past, the burden
of the disease has fallen on countries in South-East Asia and
the Western Pacific regions of the World Health Organization
(WHO). However, a dramatic increase of cases has been
reported in the Americas during the last decade.” Recent dengue
virus transmission has been reported in almost every country
in this region, and Uruguay and continental Chile are the only
countries without indigenous transmission in Latin America.

Although there is a perceived increase in disease burden,
dengue epidemiology of the Americas region has not been well
documented. Here, we characterize dengue disease dynamics
during the last three decades and track the spread of dengue
across the Americas.

*Address correspondence to José Luis San Martin, Ancén, Ave.
Gorgas, Edificio 261 Panama Apartado 0843-03441 Panamad. E-mail:
sanmarjl@pan.ops-oms.org
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METHODS

To examine the disease patterns, we obtained the dengue
infection records of WHO and of the Pan American Health
Organization (PAHO), the regional body of WHO respon-
sible for the 35 nations and 9 territories of the Americas.’
Because age and monthly distribution of cases are not rou-
tinely reported to PAHO, we obtained data from the Ministries
of Health of selected countries to assess age distribution and
seasonality patterns.

Annual PAHO reports of DF and DHF cases, reported
according to the PAHO dengue case definitions,® were ana-
lyzed by subregions and by country. Seven PAHO subregions
were considered: North America (excluding Mexico), Central
America/Mexico, Andean (i.e., Bolivia, Colombia, Ecuador,
Peru, and Venezuela), Southern Cone (i.e., Argentina, Brazil,
Chile, Paraguay, and Uruguay), Hispanic Caribbean, and Non-
Hispanic Caribbean. Three time periods were considered:
1980 through 1989 (80s), 1990 through 1999 (90s), and 2000
through 2007 (2000-7). Population data from the U.S. Census
Bureau Population Division, Department of Commerce for
1980 through 2006 and from PAHO for the year 2007 only
were used to calculate country incidence rates for each study
time period.”’ Fatality records from this source were unavail-
able from 1990 to 1994.

Because serotype identity had been systematically deter-
mined since 1995, serotype circulation could be assessed from
PAHO records beginning in 1995. The identity and propor-
tions of serotypes circulating in each country were compared.

To examine case age distribution, we analyzed available
data from Brazil, Venezuela, Honduras, and Mexico, because
these countries reported the highest number of DF and DHF
cases during the last two decades. Incidence rates by age-
adjusted population (per 100,000 inhabitants) were calculated.
The dengue case age distribution for Brazil was obtained
from that country’s Ministry of Health (MoH) website and
Sistema de Informacao de Agravos de Notificacdo (SINAN)
for the period 2001-2006; population data were obtained from
the same sources.'® Venezuelan age incidence data were
obtained from the MoH website for 2005 through 2007.12 We
also reviewed data from the Secretariat of Health of Honduras
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(Direccion General de Vigilancia en Salud, [DGVS]) for
2004 through 2007. Mexican case, incidence and population
data were obtained from the MoH, General Directorate of
Epidemiology (GDE) website for 2002 through 2006."

To examine seasonality, we obtained data from the Brazilian
MoH and SINAN, and Mexican MoH, GDE,and the Honduran
DGVS websites. We examined available gender distribu-
tion data from Mexico (2003 through 2007) and Brazil (2001
through 2005) at their respective MoH websites.!*!1:13

RESULTS

Dengue disease patterns. The total dengue cases reported in
the Region were 1,033,417 (16.4/100,000) during the 80s,
2,725,405 (35.9/100,000) during the 90s, and 4,759,007
(71.5/100,000) during 2000-7. Similarly, the number of DHF
cases increased over time from 13,398 (0.2/100,000) during
the 80s, to 58,419 (0.8/100,000) during the 90s, to 111,724
(1.7/100,000) during 2000-7. The DHF cases as a percentage of
total dengue cases also increased from 1.3% to 2.1% to 2.4%
(Table 1). Epidemic cycles were observed every 3-5 years with
an increased frequency of DHF cases and fatalities caused by
dengue during epidemic years (Figure 1). From 1980 through

1987, 242 deaths were reported (1.8% of all DHF cases)
compared with 1,391 deaths during 2000-7 (1.2% of all DHF
cases).

The Southern Cone and Andean subregions reported the
highest proportion of cases during the 90s: 55% (66.3/100,000)
for Southern Cone and 20.7% (55.9/100,000) for Andean
subregion. In 2000-7, the proportion of cases remained
approximately the same but the incidence increased sub-
stantially: 64.2% (155.3/100,000) for Southern Cone and
19% (97.7/100,000) for Andean. Interestingly, two different
regions reported the highest percentages of cases during the
80s: Hispanic Caribbean 39.1% (210.5/100,000), and Central
America/Mexico 27.2% (28.7/100,000). In general, reported
cases increased over time in most subregions. In contrast, the
number of reported cases was highest in the 80s in the Hispanic
Caribbean and declined over time (Table 1). Similarly, the
majority of DHF cases and the highest incidence of dis-
ease occurred in the Hispanic Caribbean in the 80s: 77.5%
(5.5/100,000); the Andean subregion reported the most DHF
cases during the 90s (83.4% [4.8/100,000]) and 2000-7 (58.5%
[7.1/100,000]).

The number of countries with an average incidence greater
than 100/100,000 increased from 5 during the 80s,to 7 during the

TaBLE 1

Dengue fever (DF) dengue hemorrhagic fever (DHF) cases, incidence/100,000, and fatalities by subregion and decade region of the Americas

1980-2007*
Time period
1980-9 2000-7 Total
Average Average Average Average
No. of cases incidence/100,000 No. of cases incidence/100,000 No. of cases incidence/100,000 No. of cases incidence/100,000

Subregion

North America
Dengue total cases 1,213 0.05 350 0.01 796 0.03 2,359 0.03
DF cases 1,213 0.05 350 0.01 796 0.03 2,359 0.03
DHEF cases 0 0.00 0 0.00 0 0.00 0 0.00
Fatalities 0 0 0 0

Central America and Mexico
Dengue total cases 280,584 28.67 519,777 41.42 604,507 53.65 1,404,868 41.24
DF cases 280,412 28.65 512,665 40.86 567,301 50.35 1,360,378 39.95
DHEF cases 172 0.02 7,112 0.56 37,206 3.29 44,490 1.29
Fatalities 11 172 258 441

Andean subregion
Dengue total cases 120,875 14.85 564,640 55.94 891,838 96.44 1,577,353 55.74
DF cases 118,208 14.55 515,926 51.15 826,489 89.39 1,460,623 51.7
DHEF cases 2,667 0.30 48,714 4.79 65,349 7.05 116,730 4.05
Fatalities 73 279 331 683

Southern Cone
Dengue total cases 196,497 10.15 1,499,598 66.30 3,056,054 155.22 4,752,149 77.22
DF cases 196,493 10.15 1,498,721 66.26 3,049,262 154.87 4,744,476 77.09
DHEF cases 4 0.00 877 0.04 6,792 0.34 7,673 0.13
Fatalities 0 21 500 521

Hispanic Caribbean
Dengue total cases 404,514 210.53 111,634 50.39 89,525 46.95 605,673 102.62
DF cases 394,128 205.01 110,448 49.86 88,206 46.26 592,782 100.38
DHEF cases 10,386 5.52 1,186 0.53 1,319 0.69 12,891 2.25
Fatalities 158 78 256 492

Non-Hispanic Caribbean
Dengue total cases 29,734 24.02 29,406 20.60 89,874 70.97 149,014 38.52
DF cases 29,565 23.88 28,876 20.23 88,816 70.12 147,257 38.08
DHEF cases 169 0.14 530 0.37 1,058 0.84 1,757 0.45
Fatalities 0 27 46 73

Total region
Dengue total cases 1,033,417 16.42 2,725,405 35.88 4,732,594 71.1 8,491,416 41.13
DF cases 1,020,019 16.21 2,666,986 35.10 4,620,870 69.43 8,307,875 40.25
DHEF cases 13,398 0.21 58,419 0.77 111,724 1.67 183,541 0.89
Fatalities 242 577 1,391 2,210

*A total of 1,159 cases were not included because the country was not specified.
Deaths from 1990-4 are not reported.
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FIGURE 1.

90s to 15 during 2000-7 (Figure 2). Brazil reported the major-
ity of dengue cases (54.5%) during the 27-year study period
but ranked sixth in total DHF cases (Figure 3). Venezuela
reported the highest number of DHF cases in the (35.1%) dur-
ing the same period. During the 80s by contrast, Cuba experi-
enced the highest number of dengue and DHF cases. By the
end of 2007, only 2 countries (Uruguay and Chile) reported an
absence of indigenous transmission. Endemic dengue trans-
mission was reported in the Easter Island, a Chilean territory
at the Pacific Ocean.

Dengue serotypes. During 1995 through 1999, all four
serotypes were reported in Central America and the Carib-
bean subregions. Serotypes DENV-1, DENV-2, and DENV-4
were detected in the Andean subregion, but only DENV-1
and DENV-2 were circulating in the Southern Cone. By
2000-7, all four serotypes were circulating throughout the
Americas, except for the Southern cone, where only DENV-4
was not detected during the period. The number of countries
circulating > 3 serotypes in any given year was 5 during 1995
through 1999 and rising to 15 during 2000-7.

The circulating serotypes reported most frequently during
the 90s were DENV-1 and DENV-2.This pattern changed dur-

FIGURE 2.

Number of dengue fever (DF) and dengue hemorrhagic fever (DHF) cases, Region of the Americas, 1980-2007.

ing 2000-7 when DENV-2 and DENV-3 were the most fre-
quently reported serotypes (Figure 4). DENV-3 circulation
increased throughout the Americas after its introduction in
the Andean and Southern Cone subregions in 2000.

Age distribution of cases. In Brazil, the highest incidence
of DF during 2000-7 was among young adults. In Venezuela,
incidence was highest among 10- to 14-year-old children
and adolescents, but peaked among 5 to 9 year olds in 2007
(570/100,000). In Honduras, the incidence across age groups
was similar. In Mexico, children and adolescents 10 through 14
years of age had the highest dengue incidence rates followed
by adolescents 16 through 18 years of age (Figure 5).

In general, DHF incidences by age group were similar to
those observed for DF. However, in Venezuela the highest
incidence rates were observed among infants starting in 2005
and peaking in 2007 (62.9/100,000). In Brazil, the highest DHF
incidence rates were among young adults during 2001 through
2005 and were coincident with the highest incidence of DF.
However, in 2006 the incidence rate among < 5 year olds
increased dramatically (0.47/100,000) and was higher than that
observed among 10 through 19 year olds (0.36/100,000) and 20
through 39 year olds (0.46/100,000).

<50
50 - 100
>100 - 200

Unavailable data

Without indigenous
cases

Average dengue incidence per 100,000 by country, Region of the Americas, 1980-2007.
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Other epidemiological features. A seasonal pattern was
observed in the countries with available monthly case dis-
tribution data. In Brazil, most cases occur in the first half of
the year, peaking in March—April. However, in Honduras and
Mexico the cases began to increase in June—July, and most
cases were concentrated in the second half of the year. In
Mexico, cases peaked between August and October throughout
2000-7 (Figure 6).

The case reports indicate that women were more frequently
infected with dengue than men. The male: female ratio ranged
from 1:1.22 to 1:1.34 in Brazil during 2001-5 and from 1:1.27 to
1:1.41 in Mexico during 2003 through 2007.

DISCUSSION

The data reported herein suggest that the Americas region
overall is trending toward the higher dengue incidence rate
levels. The Region of the Americas reports the most WHO-
reported cases of dengue worldwide (68%, 2000 through
2006)."* Although the greatest proportion of dengue-related
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FIGURE 4. Percentage of countries reporting serotypes 1-4 to the
Pan American Health Organization by year, Region of the Americas,
1995-2007.

deaths are reported in the South-East Asia and Western Pacific
regions and some of these countries may underreport dengue-
related disease by recording only DHF cases, the disease bur-
den in the Americas is a significant public health concern. Over
the last three decades, a 4.6-fold increase in reported cases was
observed in the Americas (~1 million cases during the 80s to
4.7 million during 2000-7).

The endemo-epidemic nature of dengue in the Americas
features recurring peaks of reported cases at 3- to 5-year inter-
vals. Over time, the peaks have become progressively higher.
More worrisome is the increasing trend of observed DHF
cases. During the study period, DHF cases increased 8.3-fold,
(~13,400 in the 80s to ~111,700 DHF in 2000-7).

Since 1980, the disease has broadly expanded throughout the
region. The Southern Cone reported the most cases since 1990,
with Brazil alone accounting for 63% of reported cases since
2000. In contrast, the Latin Caribbean and Central America/
Mexico reported the highest number of DF and DHF cases
after the emergence of dengue in Cuba in 1981." In the follow-
ing two decades, the Andean subregion reported the majority
of DHF cases, after a large epidemic in Venezuela in 1989.16

The epidemiological patterns of dengue in the Americas
Region may be related to outbreaks of disease caused initially
by a single dengue serotype followed by infections by a differ-
ent serotype. DENV-1 was reported for the first time in the
region in 1977 causing an epidemic, which began in Jamaica
expanded to Cuba, Puerto Rico, and Venezuela, and eventu-
ally to the rest of the Caribbean countries, Mexico, Central
America, and the northern countries of South America.
DENV-2 caused the first DHF epidemic in the region when
reported in Cuba in 1981."7 During the same year, DENV-4
was introduced into the eastern Caribbean islands. This sero-
type then expanded to the rest of the Caribbean and Central,
South America and Mexico.!® Despite the increasing number
of dengue cases during 1981 through 1988, the incidence of
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(C) Honduras, and (D) Venezuela.

DHEF in the region remained low until 1989 when a second
DHF epidemic was reported in Venezuela. DENV-1, -2, and
-3 serotypes were isolated from clinical samples with DENV-2
predominant.! During the 80s, dengue started to circulate in
Brazil, Bolivia, Paraguay, Ecuador, and other South American
countries that had not experienced the disease before.!”
In Brazil, the first laboratory-confirmed dengue outbreak was
reported in 1981-1982 in Roraima state.?’ This outbreak was
contained after local vector control measures were imple-
mented. No further dengue activity was reported until 1986
with the introduction of DENV-1 in Rio de Janeiro state.”

In 1990, DENV-2 serotype was introduced in Rio de Janeiro
during a period of DENV-1 serotype circulation.> DENV-2
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serotype in Brazil spread to other parts of the country with
more severe clinical presentations, and the first fatal cases
caused by secondary dengue infections.” In 1994, DENV-3
virus was reintroduced in the Americas after an absence of
16 years. Colombia and Puerto Rico reported this serotype
in 1977 and 1978, but it was not observed again until 1994 in
Nicaragua and Panama.?* DENV-3 serotype initially expanded
to Central American countries and Mexico, and later to Puerto
Rico, other Caribbean islands, and South America.”

In 2000, DENV-3 serotype was introduced in Rio de Janeiro
causing a widespread, 3-year outbreak.>*” Although DENV-3
was the predominant serotype and was the only serotype
associated to fatalities, DENV-1 and -2 serotypes were also
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FiGure 6. Monthly distribution of dengue cases: (A) Brazil, (B) Mexico, (C) Honduras, and (D) Venezuela.



DENGUE EPIDEMIOLOGY IN THE AMERICAS 133

circulating.? DENV-3 virus later spread more broadly in
Brazil.>* DENV-2 was reintroduced to Rio de Janeiro in
2007 and 2008 causing the majority of fatal cases during that
time.?* These data suggest that a prior dengue infection may
set the stage for a more deadly infection by a different sero-
type in a few years time. Several seroepidemiological studies
support this hypothesis.>!

Although the populations in Southeast Asia and the
Americas are similar and that all dengue serotypes are
endemic in both regions, DHF rates in the Americas are lower
compared with those reported in Southeast Asia since World
War I1.3 One potential explanation may be the failure of clini-
cians in the Americas to collect data to fulfill the requirements
of the PAHO case definition. Another explanation is the asso-
ciation of severe disease to a specific dengue genotype. The
introduction of the DEN-2 Asian genotype in the Americas
region has been previously associated with DHF epidemics.*
Clade changes have also been associated with dengue sever-
ity.3>37 However, there are no viral or immunological mech-
anisms that can be associated to the absence of major DHF
epidemics in Brazil. Infection with DENV-1, followed by
DENV-2 viruses, known to have circulated in Brazil, exactly
reproduced the conditions that led to DHF in Cuba. Lower
DHEF rates in Brazil have been related to a high prevalence of
dengue resistance genes.*

In contrast with the DHF age distribution in Asian coun-
tries, in which DHF infected primarily young children®* den-
gue and DHF cases in the Americas most commonly affect
older age groups, as shown in the selected countries of our
study. These differences are not fully understood, but may be
related to host, epidemiologic, and virologic factors. A trend
toward infections in younger age groups was found in coun-
tries such as Venezuela, and Honduras with high circulation
levels of several serotypes over several years. A similar trend
has been reported in Nicaragua and Honduras.*®* In Brazil,
the incidence rates have been typically higher among adults.*’
However, during 2007-2008 a new and severe epidemic was
reported in Rio de Janeiro initiated by DENV-3 and later
DENV-2 serotypes.?** DENV-2 was responsible for most fatal
cases primarily in children.?304142

The majority of cases in countries in the southern hemi-
sphere were observed in the first half of the year, but in the
northern hemisphere countries examined in most cases
occurred in the second half, which may be related with the
rainy seasons in the countries. A slightly higher percentage
of cases and higher incidence rates in females compared with
males were observed in Mexico and Brazil. A higher pro-
portion of dengue cases among females were also observed
in Pernambuco and in Belem (at Paré state) in Brazil and in
Cuba in 1981284344

Several factors may be involved in the increasing incidence
of dengue in the Americas. The deterioration of the Aedes
aegypti eradication program implemented by PAHO in the
1940s has resulted in increasing density of the vector since the
1970s.% Although the introduction of Aedes albopictus, a sec-
ondary vector reported for the first time in the continent in
1985, could play a role in the maintenance of the virus cycle, it
has not been associated with dengue transmission until recently.
In addition, population growth, unplanned urbanization with
poor sanitary conditions, deterioration of the public health
infrastructure, and a decreased access to health care has also
contributed to the increase of disease burden. Globalization

of the economy, international travel, and climatic changes
might also explain the disease expansion. In Mexico, increases
in the amount of rainfall, higher sea-surface temperature, and
increases in weekly minimum temperature may be related to
increases of reported cases of dengue.®Although the asso-
ciation between climatic changes and the explosion of den-
gue in the Americas remains controversial; in April 2007, the
Intergovernmental Panel on Climate Change concluded that
global warming and climate change would cause an upsurge in
dengue and other tropical diseases."

Our study has some limitations. First, our data rely on a pas-
sive surveillance system, which typically underestimates the true
number of cases as documented in a recent Puerto Rican epide-
miological study.* In a passive system, dengue reporting can vary
over time, by country, or even by different regions within a coun-
try. Nevertheless, all countries reported dengue cases to PAHO
and the number of reporting countries has remained unchanged
throughout the study period. Although most reported cases
were not laboratory confirmed, no major changes in the case
definitions or reporting practices were observed during the
study period. Second, the age distribution of cases is not col-
lected systematically, and age range boundaries differ by coun-
try. Therefore, a trend in age distribution can be inferred but
direct comparisons cannot be made. In large countries such as
Brazil, seasonality may vary widely in different regions. In fact,
dengue outbreaks may occur during both halves of the year as
reported in the state of Rio de Janeiro during 1990-1991.2

In conclusion, the Americas Region evolved from a low
dengue-endemic state to hyperendemic state with indigenous
transmission now observed in almost all countries. The increas-
ing trend in DHF cases and the occurrence of more severe
cases in children is alarming. The only available control mea-
sures relies on vector control programs, which are costly and
difficult to maintain. The development of effective vaccines to
protect against the four dengue serotypes, in conjunction with
the broad implementation of a PAHO initiative, the Integrated
Management Strategy for Dengue Prevention, seem to be the
most promising approaches for disease control.”’
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