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Abstract. Dengue, chikungunya, and Zika viruses, primarily transmitted by Aedes species mosquitoes, have caused
large outbreaks in the Americas, leading to travel-associated cases and local mosquito-borne transmission in the United
States. We describe the epidemiology of dengue, chikungunya, and noncongenital Zika virus disease cases reported from
U.S. states and territories in 2017, including 971 dengue cases, 195 chikungunya cases, and 1,118 Zika virus disease
cases. Cases of all three diseases reported from the territories were reported as resulting from local mosquito-borne
transmission. Cases reported from the states were primarily among travelers, with only seven locally acquired mosquito-
transmitted Zika virus disease cases reported from Texas (n = 5) and Florida (n = 2). In the territories, most dengue cases
(n =508, 98%) were reported from American Samoa, whereas the majority of chikungunya (n = 39, 100%) and Zika virus
disease (n =620, 93%) cases were reported from Puerto Rico. Temporally, the highest number of Zika virus disease cases
occurred at the beginning of the year, followed by a sharp decline, mirroring decreasing case numbers across the
Americas following large outbreaks in 2015 and 2016. Dengue and chikungunya cases followed a more seasonal pattern,
with higher case numbers from July through September. Travelers to the United States and residents of areas with active
virus transmission should be informed of both the ongoing risk from dengue, chikungunya, and Zika virus disease and

personal protective measures to lower their risk of mosquito bites and to help prevent the spread of these diseases.

INTRODUCTION

Dengue, chikungunya, and Zika viruses are tropical and
subtropical arboviruses transmitted to humans by Aedes
(Stegomyia) species mosquitoes, such as Aedes aegypti and
Aedes albopictus.'™ Humans are the primary amplifying host
for all three viruses. Dengue and Zika viruses belong to the
genus Flavivirus; chikungunya virus belongs to the genus
Alphavirus. Dengue is caused by any of four antigenically dis-
tinct dengue viruses (DENV-1-4). Clinical presentations of
dengue, chikungunya, and Zika virus disease are similar, es-
pecially during the acute phase.* Although most DENV infec-
tions are asymptomatic, the infection can cause symptoms
ranging from a febrile illness with headache, myalgia, arthralgia,
and rashes to severe and sometimes fatal manifestations in-
cluding plasma leakage, hemorrhage, and organ impairment.®
For most individuals, chikungunya is characterized by acute
fever and polyarthralgia; some patients have persistent joint
pains for months to years following the initial illness.>® Most
Zika virus infections are asymptomatic or result in mild clinical
iliness, characterized by acute onset of fever, maculopapular
rash, arthralgia, or nonpurulent conjunctivitis.1 Congenital Zika
virus infection can result in fetal loss, microcephaly, or other
birth defects." Rare but serious complications, including
Guillain-Barré syndrome and meningoencephalitis, may occur
with any of the three arboviral diseases.

Beginning in the second half of the 20th century, DENV
transmission expanded across the Americas, with case
numbers increasing over time, reaching a peak of 2.4 million
cases reported to the Pan American Health Organization in
2015.%7® Dengue transmission is classified as frequent or
continuous in Puerto Rico, the U.S. Virgin Islands, and
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American Samoa, and all three U.S. territories have a history of
periodic outbreaks.® From 1980 to 2015, dengue cases within
the U.S. states occurred primarily among travelers to endemic
regions, with limited mosquito-borne transmission occurring
in Hawaii, Florida, and Texas.® %3

Before 2014, chikungunya cases in the United States oc-
casionally occurred in travelers returning from the Africa, Asia,
and Oceania regions.*'* In the Americas, the first identifica-
tion of local transmission of chikungunya virus occurred in late
2013 and resulted in large outbreaks in the Caribbean, Central
America, South America, and Mexico during 2014-2015.
These outbreaks led to a sharp increase in travel-associated
cases in U.S. states, widespread transmission in Puerto Rico
and the U.S. Virgin Islands, and limited local transmission in
Florida and Texas.*"®® Mirroring the declining incidence of
chikungunya in the Americas, the United States experienced a
decreased number of chikungunya cases in 2015 and
2016."%7"7

Similar to chikungunya, before the identification of local
transmission of Zika virus in 2015 in the Americas, small
numbers of cases were identified among travelers returning to
the United States from the Africa, Asia, and Oceania regions.18
In2015 and 2016, large outbreaks of Zika virus occurred in the
Americas, resulting in an increase in travel-associated cases
in U.S. states, widespread transmission in Puerto Rico and the
U.S. Virgin Islands, and limited local transmission in Florida
and Texas.'%28

This report describes confirmed and probable cases of
dengue, chikungunya, and noncongenital Zika virus disease
with illness onset during 2017 reported from U.S. states and
the District of Columbia, as well as the U.S. territories of Puerto
Rico, the U.S. Virgin Islands, and American Samoa.

MATERIALS AND METHODS

In the United States, dengue, chikungunya, and Zika virus
disease became nationally notifiable conditions in 2010, 2015,
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and 2016, respectively.?* Reported cases are classified as
confirmed or probable according to national case definitions,
which include laboratory testing, clinical, and epidemiologic
criteria.?>?” Dengue cases are further classified by clinical
syndrome, including dengue, dengue-like iliness, and severe
dengue. Cases are reported to the CDC through ArboNET, the
national arboviral disease surveillance system. We included
confirmed and probable cases of dengue, chikungunya, and
noncongenital Zika virus disease reported from U.S. states,
the District of Columbia, Puerto Rico, the U.S. Virgin Islands,
and American Samoa with illness onset during January 1-
December 31, 2017. Asymptomatic infections and congenital
Zika virus disease cases were excluded.

RESULTS

In 2017, a total of 2,284 cases of dengue (n = 971), chi-
kungunya (n = 195), and Zika virus disease (n = 1,118) were
reported in the United States (Table 1). Of those, 1,059 (46%)
were reported from U.S. states and 1,225 (54%) from U.S.
territories.

Dengue. Of the 971 dengue cases reported in 2017, 451
cases (183 confirmed and 268 probable) cases were reported
from 26 states (Table 1, Figure 1). All were travel associated;
the highest numbers were reported from California (n = 130),
Texas (n=43), and New York (n = 38), New Jersey (n = 25), and
llinois (n = 23), which together accounted for 57 % of all cases.
The most frequently reported travel locations were Asia (n =
282, 63%), Mexico (n = 53, 12%), and the Caribbean (n = 29,
6%) (Table 2). The median age of case-patients was 38 years
(interquartile range [IQR]: 26-51 years), and 387 (86%) were
adults aged >20 years. Although a notable proportion (n = 129;

29%) were missing data for race, the most frequently reported
categories were Asian (n = 134; 30%) and white (n = 129; 29%).
The highest number of cases (n = 198; 44%) occurred from
July through September (Figure 2). Nine (0.9%) severe dengue
cases were reported; 152 (35%) case-patients were hospi-
talized, and there were no deaths.

A total of 520 dengue cases (509 confirmed and 11 proba-
ble) were reported from U.S. territories. Among these, 508
(98%) were reported from American Samoa, and all were due
to local mosquito-borne transmission (Table 1, Figure 1). Al-
most all (n = 509; 98%) cases in the territories were confirmed.
The median age of dengue case-patients reported from the
territories was 16 years (IQR: 10-26 years), and 228 (44%)
were aged < 20 years. Most (n =486; 93%) dengue casesinthe
territories were Pacific Islanders reported from American
Samoa. Of the 520 cases reported from the territories, the
infecting DENV was identified in 120 (23%), all from American
Samoa and DENV-2. The number of cases increased over the
year, with 254 (49%) reported during October-December
(Figure 2). A total of 228 (44%) case-patients were hospital-
ized, and there were no deaths.

Chikungunya. Overall, 156 chikungunya cases (45 con-
firmed and 111 probable) were reported from 28 (56%) states
(Table 1, Figure 1). The largest numbers of cases were re-
ported from California (n = 32), New York (n = 19), Texas (n =
15), New Jersey (n = 12), and Massachusetts (n = 11), which
together accounted for 57% of all cases. All the cases were
associated with travel outside the contiguous United States,
including 120 (77 %) to Asia and 31 (20%) to other locations in
the Americas (Table 2). Race was reported for roughly three-
quarters (n = 115; 74%) of cases, among which the most
frequently reported was Asian (n = 73; 47%). The median

TaBLE 1

Characteristics of confirmed and probable dengue, chikungunya, and Zika virus disease cases reported to ArboNET from U.S. states and territories,

2017

Dengue Chikungunya Zika virus disease
States (N = 451), Territories (N = 520), States (N = 156), Territories (N = 39), States (N = 452), Territories (N = 666)
Characteristic No. (%) No. (%) No. (%) No. (%) No. (%) 0. (%)

Confirmed case 183 (41) 509 (98) 45 (29) 4(10) 383 (85) 501 (75)
Travel associated 451 (100) 0(0) 156 (100) 0(0) 437 (97) 1(k1)
Age-group (years)

<20 64 (14) 345 (66) 10 (6) 22 (56) 51 (11) 213 (32)

20-39 176 (39) 92 (18) 47 (30) 6 (16) 195 (43) 201 (31)

40-59 147 (33) 56 (11) 71 (46) 6 (15) 144 (32) 163 (24)

>60 64 (14) 27 (5) 28 (18) 5(13) 62 (14) 89 (13)
Female 218 (48) 257 (49) 79 (51) 16 (41) 295 (65) 396 (59)

Pregnant 3(1) 6(1) 4 (3) 1) 71(16) 25 (4)
Race

Asian 134 (30) 112 73 (47) 0(0) 8(2) 1(0)

White 131 (29) 4(1) 21 (14) 0(0) 261 (58) 9(1)

Pacific Islander 17 4) 486 (93) 5@) 0(0) 3(<1) 0(0)

Other* 40 (8) 1(1) 16 (10) 0(0) 57 (13) 11(2)

Unknown 129 (29) 18 (3) 41 (26) 39 (100) 123 (27) 645 (97)
Ethnicity

Hispanic or Latino 79 (18) 0(0) 11(7) 0(0) 220 (49) 7(1)

Not Hispanic or Latino 243 (54) 505 (97) 95 (61) 0(0) 114 (25) 13(2)

Unknown 129 (29) 15 (3) 50 (32) 39 (100) 118 (26) 646 (97)
Onset of illness

January-March 63 (14) 27 (5) 14 (9) 9(23) 136 (30) 492 (74)

April-June 59 (13) 63 (12) 40 (26) 8 (21) 83(18) 46 (7)

July-September 198 (44) 176 (34) 60 (38) 16 (41) 170 (38) 56 (8)

October-December 131 (29) 254 (49) 42 (27) 6 (15) 63 (14) 72 (11)
Hospitalized 152 (34) 228 (44) 25 (16) 9 (23) 9(2) 24 (4)
Died 0(0) 0(0) 0(0) 0(0) 0(0) 1(k1)

* Includes race reported as American Indian or Alaska Native, black or African American, other, and multiple. Each of these categories was reported for < 5% of the cases for each virus.
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FiGURE 1.
case counts by area.

case-patient age was 46 years (IQR: 35-56 years), and 146
(94%) were adults aged > 20 years; 79 (51%) were female.
Cases occurred throughout the year, but the highest pro-
portion (n = 60; 38%) had iliness onset during July-September
(Figure 2). A total of 25 (16%) case-patients were hospitalized,
and none died.

In U.S. territories, 39 chikungunya cases (four confirmed
and 35 probable) were reported, all from Puerto Rico and due
to local mosquito-borne transmission (Table 1, Figure 1). The
median case-patient age was 17 years (IQR: 8-42 years), and
22 (56%) were aged < 20 years; 16 (41%) were female. Cases
occurred throughout the year, but the highest proportion (n =
16; 41%) had iliness onset during July-September (Figure 2).
Nine (23%) case-patients were hospitalized, and none died.

Dengue, chikungunya, and Zika virus disease cases reported to ArboNET by state or territory of residence, 2017. Circles represent

Zika virus disease. A total of 452 Zika virus disease cases
(883 confirmed and 69 probable) were reported from 43 U.S.
states (Table 1, Figure 1). Over 60% of the cases were reported
from four states: Florida (n = 110; 24%), New York (n = 64;
14%), Texas (n = 54; 12%), and California (n = 49; 11%). Case-
patients were mostly female (n = 295; 65%) and the median
age was 38 years (IQR: 26-52 years); 401 (89%) case-patients
were aged > 20 years. Case-patients were primarily white (n =
261; 58%). Roughly a third had no ethnicity reported, and
almost half (n = 220; 49%) reported Hispanic or Latino eth-
nicity. A total of 71 (16%) case-patients were pregnant. Most
(n = 437; 97 %) cases were travel associated, with travel most
frequently to the Caribbean (n = 223; 51%) or Mexico (n =117;
27%). No travel was reported among 15 Zika virus disease
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TABLE 2
Travel locations for confirmed and probable dengue, chikungunya, and Zika virus disease cases reported to ArboNET from U.S. states, 2017

Dengue (N = 451), Chlkungunya (N =156), Zika virus disease (N = 452),
Region No. (%) 0. (%) No. (%)
No travel 0(0) 0(0) 15(3)
Asia 282 (63) 120 (77) 112
Americas 110 (24) 31 (20) 408 (90)
Caribbean 29 (6) 74) 223 (49)
North America* 53(12) 5(3) 1 17 (26)
Central America 18 (4) 6 4) 40(9)
South America 10(2) 13 (8) 28 (6)
Africa 21 (5) 2(1) 2(<1)
Oceania 20 (4) 0(0) 5(1)
Europe 0(0) 1(1) 9(0)
Multiple 0(0) 0(0) 4(1)
Unknown 18 (4) 2(1) 7@

* All travel to Mexico.

cases in the states. Seven cases attributed to local mosquito-
borne transmission were identified in Texas (n = 5) and Florida
(n = 2). An additional seven cases were attributed to sexual
transmission in five states. One case-patient had a laboratory
exposure to Zika virus. January had the highest monthly case
count (n = 79), but the third quarter (July-September) had the
highest quarterly count (n = 170; 38%) (Figure 2). One case of
Guillain-Barré syndrome was identified in a traveler. Nine (2%)
Zika virus disease case-patients were hospitalized, and none
died.

The territories reported 666 Zika virus disease cases; all but
one case in the territories was associated with local mosquito-
borne transmission (Table 1). The majority (n = 620; 93%) were
reported from Puerto Rico, with the remaining 46 (7 %) from the
U.S. Virgin Islands (Figure 2). In the territories, cases were
mostly confirmed (n = 501; 75%) and female (59%). Four
percent of case-patients were pregnant. The median age was
31 years (IQR: 17-50 years), with 32% of cases aged < 20
years. The peak of Zika virus disease case numbers occurred
in January (n = 376; 56%), with a steep drop in February and
relatively few cases reported during the remainder of the year.
One case of Guillain-Barré syndrome was reported. Twenty-
four (4%) Zika virus disease cases were hospitalized. One fatal
case was reported from Puerto Rico in an adult male aged
50-60 years with a history of hypertension and cardiomyop-
athy who presented for care following a recent febrile illness
and died from cardiac arrest shortly after admission.

DISCUSSION

Although dengue has historically caused periodic out-
breaks, and chikungunya and Zika viruses have recently
caused widespread outbreaks in the Americas, case numbers
forallthree diseases were atlow levels inthe Americas in2017.
Zika virus disease accounted for the highest number of re-
ported cases and most of the cases were associated with the
end of the Zika virus epidemic, although U.S. states also had
an increase during the warm summer months (July-
September). With the exception of dengue in American
Samoa, which reported a dengue outbreak during 2016-2018,
chikungunya and dengue also generally followed the expec-
ted seasonality of mosquito-borne diseases in the northern
hemisphere, with an increased number of cases during the
warm summer months.28:2%

American Samoa and Puerto Rico had the highest number
of dengue and Zika virus disease cases, respectively, and

almost all cases of the three arboviral diseases in the territories
were the result of local mosquito-borne transmission. With the
exception of a small number of Zika virus disease cases (n =
15), the remainder of all chikungunya, dengue, and Zika virus
disease cases reported by U.S. states occurred among trav-
elers to areas with active virus transmission. This difference
likely explains the patterns seen by age, race, and ethnicity by
location and virus. Cases in the territories tended to be
younger, and cases reported from U.S. states occurred pri-
marily in adult travelers. Travel-associated Zika virus disease
cases from the states primarily traveled to the Caribbean and
Mexico, whereas in contrast, most travel-associated chi-
kungunya and dengue cases reported travel to Asia. Asian
race was most frequently reported among chikungunya and
dengue cases, and Zika virus disease case-patients were
more frequently white and reported Hispanic ethnicity. These
race and ethnicity findings could change in future years
depending on the global epidemiology of these three diseases
and improved reporting.

A higher proportion of dengue cases were hospitalized (39%)
than chikungunya (17%) or Zika virus disease cases (3%). The
hospitalization rate for chikungunya was slightly higher than
other published reports, which ranged from 0.5% to 8.7%.50-33
The only fatality observed was a Zika virus disease case re-
ported from Puerto Rico; however, the limited available clinical
information suggested comorbidities likely contributed.

Approximately equal numbers of dengue and chikungunya
cases were identified among males and females; this differs
from some previous reports for chikungunya, where up to 66%
of reported cases were among females.?!3* A higher proportion
of Zika virus disease cases were identified in females, similar to
previous reports.2'®537 Factors associated with increased
identification of Zika virus disease cases among females could
include increased testing of women of childbearing age, dif-
ferences in care-seeking behavior or mosquito exposure,
increased risk from sexual transmission, or increased sus-
ceptibility to development of disease after infection.

The low proportion of dengue (41%) and chikungunya
(29%) cases reported from U.S. states that are confirmed
suggests that molecular diagnostic methods should be en-
couraged for patients presenting to health-care providers
during the acute phase of illness. In addition, cases that are
diagnosed using commercially available serologic methods
may benefit from further confirmatory testing.

There are limitations associated with the identification,
classification, and passive reporting of arboviral diseases. All
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States, 2017.

three viruses can cause a spectrum of disease presentations,
including mild disease, which may have resulted in individuals
not visiting a provider, or providers not ordering appropriate
tests. Antibody responses to dengue and Zika viruses exhibit
significant cross-reactivity, especially with secondary Flavi-
virus infections.®®3° This can lead to misdiagnosis or cases
that meet the case definition for both diseases, often making it
difficult to correctly classify and report a case.*® This could
result in erroneous duplicate reporting of cases, which would
be challenging to identify in the de-identified dataset. Also,
serologic tests can also remain positive for extended periods
of time in some individuals,*' which, coupled with nonspecific
signs and symptoms, make it difficult to determine whether
the findings of serologic testing are associated with the
patient’s illness. Similarly, diagnostic tests vary in their di-
agnostic accuracy, which can lead to false-positive or false-
negative test results and cases being missed or incorrectly
diagnosed and reported. Demographic and other key vari-
ables, including race and ethnicity, were frequently missing or
incompletely reported, which limits the representativeness of
the data. Finally, in areas with ongoing mosquito-borne
transmission, determining other modes of transmission is

often not possible. In these areas, cases are attributed to
mosquito exposure, but it is likely that some Zika virus disease
case-patients were infected through other transmission
modes, such as sexual contact.

Currently, no vaccines to prevent chikungunya or Zika
virus disease are licensed in the United States, and effec-
tive, evidence-based methods to control Ae. aegypti are
lacking.*?*® A dengue vaccine was approved by the U.S. Food
and Drug Association in early 2019; however, its use is limited
to individuals aged 9-16 years living in endemic areas who
have a laboratory-confirmed previous dengue infection.
Modeling data suggest that the combination of population
growth and the expansion of areas climatically suitable for Ae.
aegypti will increase the number of people at risk for these and
other emerging viruses transmitted by this vector.***®> Con-
tinued virus transmission and sporadic outbreaks are likely in
areas where mosquito-borne transmission has been estab-
lished. Areas with Ae. aegypti but without previous virus
transmission, including some U.S. states where most of the
populations are immunologically naive, remain at risk for
outbreaks. Fortunately, the risk of widespread transmission in
U.S. states is likely mitigated by factors such as use of air
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conditioners, window screens, and a more temperate cli-
mate.*® Whereas chikungunya and Zika viruses are presumed
to provide long-term, possibly life-long, protection from re-
infection, infection with any individual DENV does not provide
long-term protection against the other three DENVs, and new
outbreaks could occur in the Americas in the near future.
These findings from 2017 surveillance data indicate ongoing
risk from dengue, chikungunya, and Zika viruses among
travelers from U.S. states to areas with active virus trans-
mission, as well as among residents of U.S. territories. Per-
sons traveling to or living in risk areas should be educated
about ways to avoid mosquito bites (e.g., using insect repel-
lents and installing intact screens) to help mitigate their risk of
infection and further spread of these diseases. Pregnant
women should refer to current published guidance when they
or their sexual partners are considering travel to areas with a
risk of Zika. Clinicians should report suspect cases, particu-
larly in areas not known to have active virus circulation, to help
target public health interventions.

CONCLUSION

During 2017, U.S. states and territories reported 2,284
confirmed and probable cases of dengue, chikungunya, and
Zikavirus disease. The territories reported the highest number
of dengue and Zika virus disease cases, which were primarily
associated with local mosquito-borne transmission; most
chikungunya cases occurred among travelers returning to the
states. Cases of all three diseases in the states were primarily
associated with travel to areas with ongoing virus trans-
mission, although a small number of Zika virus disease cases
were the result of infection occurring in the states from mos-
quitoes or through other transmission routes. Ongoing sur-
veillance for all three diseases in the U.S. states and territories
is critical to better understand the global risk of these dis-
eases, detect possible local transmission, provide appropriate
clinical care, and identify and protect groups at highest risk for
infection and disease.
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