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Using reported case data from ArboNET and previous
seroprevalence data stratified by age and sex, we
conservatively estimate that ~7 million persons in the United
States have been infected with West Nile virus since its
introduction in 1999. Our data support the need for public
health interventions and improved surveillance.

est Nile virus (WNV) is a mosquito-transmitted
flavivirus with human health implications. Since its
emergence in 1999, WNV has become endemic across the
continental United States (/). Seasonal outbreaks occur
annually, and large outbreaks occur throughout the country.
Infection is commonly asymptomatic; a general febrile
illness occurs in =20% of the population, and <1% progress
to West Nile neuroinvasive disease (WNND), which might
include encephalitis, meningitis, and acute flaccid paralysis.
WNV infection can cause permanent sequelae, in-
cluding physical, neurologic, and cognitive disabilities
as well as renal impairment and ocular damage (2). The
average annual cost to treat hospitalized WNV patients is
~US $56 million, and initial and long-term costs can ex-
ceed US $700,000 per patient (3,4). Considering the clini-
cal and economic impact of acute and long-term WNV
outcomes, determining total WNV disease burden in the
United States is imperative. ArboNET data indicate that
~40% of WNND cases occurred during 2011-2016, sug-
gesting a need to update the estimated cumulative WNV
incidence previously determined by Petersen et al. in
2010 (5). The objective of our study was to estimate to-
tal WNV disease burden in the continental US population
during 1999-2016.

The Study

We collected data from the Centers for Disease Control and
Prevention’s ArboNET national surveillance system and
performed a comprehensive literature search in PubMed for
state-specific and national WNV seroestimates. We used the
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2010 US Census database for general population estimates.
ArboNET data indicated that the 5 states with the highest
clinically reported WNV case counts during 1999-2016
were California (6,504 cases), Texas (5,672 cases), Colo-
rado (5,285 cases), Nebraska (3,911 cases), and South Da-
kota (2,470 cases) (Appendix Table 3, https://wwwnc.cdc.
gov/ElD/article/25/2/18-0765-Appl.pdf). When evaluating
only reported WNND cases, the top 5 states were Califor-
nia (3,390 cases), Texas (3,171 cases), [llinois (1,481 cases),
Colorado (1,249 cases), and Louisiana (1,009 cases). The
ArboNET dataset demonstrates a cumulative attack rate
of 16 cases/100,000 persons in the US population during
1999-2016. When categorizing states into 5 sets by region
(Midwest, Northeast, Southeast, Southwest, West), we ob-
served the highest number of cases in the Midwest and West
(Figure), a finding that corresponded with the top 5 states
of total reported WNV and WNND cases. In the Southwest
region, Texas accounts for >55% of the total reported cases.

Next, we estimated cumulative WNV cases for
the continental United States using ArboNET-report-
ed WNND cases by state. To determine case estimates
among persons >16 years of age, we used Carson et
al.’s WNND:infection ratios and 95% Cls stratified by
age and sex (6). For cases among persons <16 years of
age, we applied Mandalakas et al.’s 1:4,200 pediatric
WNND:infection ratio and their age ranges for stratified
estimates (7). We used age groups <15, 15-24, 25-44,
45-64, and >65 years, which is different from the age
groups in the original reports (6,7) because ArboNET re-
ports data by 5-year intervals (e.g., 15-19 years). We used
reported ArboNET data for comparison purposes.

Using Carson et al.’s estimates of seroprevalence in
adults and Mandalakas et al.’s estimates in children (6,7) to
stratify by age and sex, we estimate that =7 (95% CI 5.7—
8.1) million WNYV infections have occurred in the United
States since WNV was introduced (Appendix Tables 1, 2).
This number equates to ~2.2% of the US population, greater
than the estimate for 1999-2010 reported by Petersen et
al. (1.1% of the population, 3 million infections) (5) and
ArboNET (0.16% of the population).

Since Petersen et al.’s previous estimate (5), 40% of
all WNND cases have been reported. Our estimate of in-
fections occurring during 1999-2016 is generally consis-
tent with the incremental infection burden for the last 6
years of our study period. Disease burden estimates might
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Figure. Total West Nile virus cases reported through ArboNET, by year and region, continental United States, 1999-2016.

be affected by the changing epidemiology or disease pene-
tration over the past 17 years. For instance, the ratio of neu-
roinvasive to nonneuroinvasive cases varies by geographic
locality and is likely related to differences in testing, sur-
veillance, and access to care (8,9). Furthermore, infection
trends might vary during each major epidemic. In 2003, the
Midwest states of Nebraska and Colorado had the highest
incidence rates (/0), but in 2012, Texas had the highest (9).
However, a study looking at blood donors indicates that
WNND:infection ratios have not changed over time (/7)
and an additional study has confirmed the accuracy of Car-
son et al.’s estimates (6,/2). This information highlights
the need for national standards for localized surveillance
and reporting for more accurate estimates of disease bur-
den and predictions of future disease severity.

In reality, the number of infections is likely higher than
what was calculated here, as underdiagnosis is evident; a
study by Vanichanan et al. indicated that patients are tested
for WNV infection only one third of the time when viral
encephalitis is clinically diagnosed (8). Increased aware-
ness in the medical community will be needed not only for
proper diagnosis of cases but also for quick implementa-
tion of control measures to prevent further cases and the
improvement of surveillance data.

When evaluating disease burden, we must discuss
how vulnerable, high-risk populations, such as those who
are homeless, affect estimates. Only 1 study explicitly
defines the relationship between WNV and homelessness
(13). In that study, 6.8% of homeless persons in Houston,
Texas, were seropositive for WNV infection after only
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2 transmission seasons, and seroprevalence was even
higher (17%) when specifically evaluating those who slept
outdoors. According to the US Department of Housing and
Urban Development, nearly 550,000 of the US population
were homeless on any given day in 2016; =~32% of these
persons lived in unsheltered conditions, and ~14% were
considered chronically homeless (https://www.hud.gov).
Because the burden of disease among homeless persons is
difficult to delineate without additional studies, this unique
population was not included in our estimate.

Our study has a few other notable limitations. Census
data are not an exact representation of the population but
an estimate of the number of persons at a given time. We
also cannot account for cases in which persons do not seek
treatment. Despite these limitations, our updated estimate
helps to provide data for future economic burden estimates
and cost-effectiveness studies for vaccines and novel thera-
peutics. A WNV vaccine was previously thought to not be
cost-effective (/4), but a study published in 2017 indicated
an age-targeted vaccination program would improve cost-
effectiveness (15). Cost-effectiveness data and our new es-
timates of infection demonstrate that a high proportion of
the population is seronegative and still susceptible to WNV
infection, providing additional support that region-targeted
vaccinations could be beneficial to the US population and
should be further explored.

Conclusions
We estimate that =7 (95% CI 5.7 8.1) million persons in
the continental United States were infected with WNV
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during 1999-2016, more than double the 2010 estimate
of 3 million infections. Our estimate highlights the need
for improved disease surveillance and reporting. As the
cumulative incidence continues to climb, our findings
provide additional support for the economic benefit of
insecticide and vaccine interventions, especially in the
Midwest, Southwest, and West of the United States;
nearly 98% of the US population remains vulnerable to
WNV infection.
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Appendix
Appendix Table 1. Estimated West Nile virus seroprevalence, by state, sex, and age, continental United States, 1999-2016*
Male population, age, y, no. seropositive Female population, age, y, ho. seropositive

State <15 15-24 25-44 45-64 >65 <15 15-24 25-44 45-64 >65 Estimated total (95% CI)
Alabama 4,201 1,440 6,069 11,703 2,244 4,201 - 2,317 7,760 1,922 41,857 (34,958-50,876)
Arizona 54,613 14,400 42,483 27,639 10,098 37,809 16,016 24,163 53,544 7,936 288,701 (247,336-344,338)
Arkansas 16,804 6,480 6,783 10,956 2,703 12,603 4,928 7,613 12,804 2,170 83,844 (71,960-99,103)
California 147,035 61,920 110,670 211,650 34,680 84,020 55,440 55,608 158,692 25,358 945,073 (796,377-1,135,877)
Colorado 46,211 25,920 54,621 58,266 11,475 42,010 43,120 48,326 72,168 9,548 411,665 (340,679-501,771)
Connecticut 4,201 1,440 1,428 5,478 1,020 - 1,232 2,317 3,880 1,116 22,112 (18,118-27,152)
Delaware 4,201 720 - 249 408 - 2,464 - 1,552 186 9,780 (8,439-11,518)
DC - - 1,071 2,490 867 4,201 - 1,655 3,104 496 13,884 (12,034-16,560)
Florida 21,005 6,480 12,852 18,177 2,703 12,603 - 6,951 14,744 1,674 97,189 (84,646-113,625)
Georgia 21,005 5,760 6,069 14,691 2,295 4,201 2,464 4,303 7,760 2,356 70,904 (60,473-83,449)
Idaho 33,608 4,320 6,069 9,711 1,836 12,603 3,696 7,613 13,192 1,674 94,322 (84,589-107,494)
lllinois 54,613 23,760 42,483 59,511 15,555 37,809 34,496 41,706 101,268 15,500 426,701 (358,944-521,001)
Indiana 21,005 8,640 9,996 16,434 3,876 21,005 8,624 12,578 24,444 3,782 130,384 (111,964-155,196)
lowa 12,603 10,080 10,353 11,205 2,499 16,804 4,928 6,289 10,476 1,984 87,221 (738,68-103,366)
Kansas 33,608 2,880 10,710 15,438 3,672 8,402 11,088 7,613 14,356 2,480 110,247 (94,921-129,445)
Kentucky 4,201 - 2,856 2,988 2,040 4,201 1,232 5,296 3,492 1,116 27,422 (22,628-33,223)
Louisiana 67,216 20,160 39,627 45,816 10,710 50,412 38,192 28,797 53,544 9,424 363,898 (308,216-433,888)
Maine - - 357 249 - - - - - - 606 (467—-749)
Maryland 4,201 4,320 4,284 10,956 2,805 - 2,464 3,972 14,744 2,666 50,412 (41,364-63,318)
Massachusetts 8,402 1,440 1,785 5,229 1,020 - - 1,655 7,760 1,488 28,779 (25,162-34,421)
Michigan 50,412 11,520 31,059 49,800 11,475 21,005 17,248 31,114 52,380 9,920 285,933 (239,959-345,932)
Minnesota 21,005 4,320 12,852 12,201 3,723 8,402 9,856 6,289 11,640 1,488 91,776 (77,489-109,223)
Mississippi 63,015 14,400 27,489 31,872 7,803 33,608 23,408 14,564 34,532 7,130 257,821 (221,077-303,858)
Missouri 25,206 6,480 13,566 23,904 5,049 4,201 9,856 11,254 23,280 4,278 127,074 (106,130-154,224)
Montana 12,603 2,880 4,641 6,972 1,683 8,402 2,464 5,958 12,416 1,178 59,197 (52,051-69,553)
Nebraska 54,613 15,120 27,489 29,631 6,375 25,206 18,480 23,832 33,756 3,968 238,470 (203,623-282,255)
Nevada 4,201 720 2,856 5,478 2,091 4,201 2,464 2,317 8,924 1,178 34,430 (29,494-41,707)
New - 720 714 249 51 - - — - - 1,734 (1,273-2,198)
Hampshire

New Jersey - 720 5,712 6,723 2,397 - - 4,303 6,208 1,736 27,799 (21,554-35,782)
New Mexico 25,206 5,040 8,211 14,442 3,978 16,804 11,088 7,944 14,356 2,294 109,363 (94,165-128,385)
New York 25,206 5,760 15,708 28,635 9,231 8,402 7,392 9,930 28,712 6,634 145,610 (121,475-177,515)
North Carolina 4,201 - 2,499 1,992 510 4,201 1,232 1,655 2,716 248 19,254 (17,012-22,224)
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Male population, age, y, no. seropositive

Female population, age, y, no. seropositive

State <15 15-24 25-44 45-64 >65 <15 15-24 25-44 45-64 >65 Estimated total (95% CI)
North Dakota 16,804 11,520 12,138 15,936 4,029 8,402 9,856 8,937 15,132 2,294 105,048 (86,790-127,315)
Ohio 25,206 5,760 25,347 25,896 9,690 33,608 13,552 20,853 27,936 7,750 195,598 (163,128-235,855)
Oklahoma 21,005 7,920 11,781 23,655 6,069 12,603 9,856 9,599 16,296 5,022 123,806 (102,379-149,730)
Oregon - 720 - 1,743 306 - 2,464 1,324 2,328 372 9,257 (7,178-11,936)
Pennsylvania 8,402 7,920 6,426 14,442 3,876 25,206 14,784 9,599 21,728 3,720 116,103 (97,991-139,894)
Rhode Island - 720 357 249 102 - - - 1,940 124 3,492 (3,057-4,413)
South Carolina - 720 1,785 2,490 510 - 1,232 662 3,104 372 10,875 (8,737-13,826)
South Dakota 21,005 12,960 26,775 18,426 4,590 54,613 14,784 17,874 26,772 3,038 200,837 (173,049-235,744)
Tennessee 4,201 4,320 6,426 8,466 2,703 12,603 3,696 3,641 8,148 3,348 57,552 (47,494-69,891)
Texas 201,648 66,240 110,313 163,842 35,241 92,422 76,384 79,440 144,724 25,978 996,232 (839,980-1,191,226)
Utah 16,804 3,600 3,927 8,466 1,071 12,603 9,856 5,627 5,044 992 67,990 (58,388-78,948)
Vermont - - - 498 51 - - - - - 549 (439-660)
Virginia 12,603 - 3,213 6,225 1,836 - - 1,655 4,268 930 30,730 (26,977-35,661)
Washington 4,201 720 2,142 2,739 714 - - 662 2,328 434 13,940 (11,937-16,574)
West Virginia - - 357 996 306 - - - 388 124 2,171 (1,697-2,757)
Wisconsin 12,603 2,160 4,641 8,466 1,785 8,402 3,696 1,986 6,208 1,302 51,249 (44,547-59,628)
Wyoming 25,206 2,160 3,927 10,458 1,377 4,201 11,088 6,289 10,088 1,426 76,220 (65,740-89,346)
Total (95% CI) 1,214,089 395,280 742,917 1,063,728 241,128 751,979 505,120 556,080 1,104,636 190,154 6,765,111 (5,721,953~
) (281,088—  (547,303— (871,488— (146,568— ) (335,380- (391,440- (1,127,412— (55,206— 8,102,630)
506,178) 946,855)  1,255,968)  340,416) 675,270)  722,400) 1,355,172) 334,303)

*Case estimates were calculated by using ArboNET data for number of WNND cases by state and WNND:infection ratios reported in previous studies. For persons >16 years of age, the age- and sex-
stratified WNND:infection estimates and 95% Cls from Carson et al. (1) were used. For persons <16 years of age, the WNND:infection ratio of 1:4,200 (1 case reported for every 4,200 undetected cases)
calculated by Mandalakas et al. (2) was used; 95% Cls were not reported in this study and were not calculated for this age group in this study. All 95% Cls calculated can be found in Appendix Table 2.
WNND, West Nile neuroinvasive disease.
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Appendix Table 2. Estimated 95% Cls of West Nile virus seroprevalence, by state, sex, and age, continental United States, 1999—-2016*

Male population, age, y, 95% CI of seroprevalence

Female population, age, y, 95% CI of seroprevalence

State 15-24 25-44 45-64 >65 15-24 25-44 45-64 >65 Total
Alabama 1,024-1,844 4,471-7,735 9,588-13,818 1,364-3,168 - 1,631-3,010 7,920-9,520 558-3,379 34,958-50,876
Arizona 10,240-18,440 31,297-54,145 22,644-32,634 6,138-14,256 10,634-21,411 17,009-31,390 54,648-65,688 2,304-13,952 247,336-344,338
Arkansas 4,608-8,298 4,997-8,645 8,976-12,936 1,643-3,816 3,272-6,588 5,359-9,890  13,068-15,708 630-3,815 71,960-99,103
California 44,032-79,292 81,530-141,050 173,400— 21,080- 36,810-74,115 39,144-72,240 161,964— 7,362-4,4581 796,377-1,135,877
249,900 48,960 194,684
Colorado 18,432-33,192 40,239-69,615 47,736-68,796 6,975-16,200 28,630-57,645 34,018-62,780 73,656-88,536 2,772-16,786 340,679-501,771
Connecticut 1,024-1,844 1,052-1,820 4,488-6,468 620-1,440 818-1,647 1,631-3,010 3,960-4,760 324-1,962 18,118-27,152
Delaware 512-922 - 204-294 248-576 1,636-3,294 - 1,584-1,904 54-327 8,439-11,518
DC - 789-1,365 2,040-2,940 527-1,224 - 1,165-2,150 3,168-3,808 144-872 12,034-16,560
Florida 4,608-8,298 9,468-16,380  14,892-21,462 1,643-3,816 - 4,893-9,030  15,048-18,088 486-2,943 84,646-113,625
Georgia 4,096-7,376 4,471-7,735 12,036-17,346  1,395-3,240 1,636-3,294 3,029-5,590 7,920-9,520 684-4,142 60,473-83,449
Idaho 3,072-5,532 4,471-7,735 7,956-11,466 1,116-2,592 2,454-4,941 5,359-9,890  13,464-16,184 486-2,943 84,589-107,494
lllinois 16,896-30,426 31,297-54,145 48,756-70,266 9,455-21,960 22,904-46,116  29,358-54,180 103,356— 4,500-27,250  358,944-521,001
124,236
Indiana 6,144-11,064  7,364-12,740  13,464-19,404  2,356-5,472 5,726-11,529 8,854-16,340 24,948-29,988 1,098-6,649  111,964-155,196
lowa 7,168-12,908  7,627-13,195 9,180-13,230 1,519-3,528 3,272-6,588 4,427-8,170  10,692-12,852 576-3,488 73,868-103,366
Kansas 2,048-3,688 7,890-13,650 12,648-18,228  2,232-5,184 7,362-14,823 5,359-9,890  14,652-17,612 720-4,360 94,921-129,445
Kentucky - 2,104-3,640 2,448-3,528 1,240-2,880 818-1,647 3,728-6,880 3,564-4,284 324-1,962 22,628-33,223
Louisiana 14,336-25,816  29,193-50,505 37,536-54,096 6,510-15,120 25,358-51,057 20,271-37,410 54,648-65,688 2,736-16,568 308,216-433,888
Maine - 263-455 204-294 - - - - - 467-749
Maryland 3,072-5,532 3,156-5,460 8,976-12,936 1,705-3,960 1,636-3,294 2,796-5,160  15,048-18,088 774-4,687 41,364-63,318
Massachusetts ~ 1,024-1,844 1,315-2,275 4,284-6,174 620-1,440 - 1,165-2,150 7,920-9,520 432-2,616 25,162-34,421
Michigan 8,192-14,752  22,881-39,585 40,800-58,800 6,975-16,200 11,452-23,058 21,902-40,420 53,460-64,260 2,880-17,440 239,959-345,932
Minnesota 3,072-5,532 9,468-16,380 9,996-14,406 2,263-5,256 6,544-13,176 4,427-8,170  11,880-14,280 432-2,616 77,489-109,223
Mississippi 10,240-18,440 20,251-35,035 26,112-37,632 4,743-11,016 15,542-31,293  10,252-18,920 35,244-42,364 2,070-12,535 221,077-303,858
Missouri 4,608-8,298 9,994-17,290  19,584-28,224  3,069-7,128 6,544-13,176 7,922-14,620 23,760-28,560 1,242-7,521  106,130-154,224
Montana 2,048-3,688 3,419-5,915 5,712-8,232 1,023-2,376 1,636-3,294 4,194-7,740  12,672-15,232 342-2,071 52,051-69,553
Nebraska 10,752-19,362 20,251-35,035 24,276-34,986  3,875-9,000 12,270-24,705 16,776-30,960 34,452-41,412 1,152-6,976  203,623-282,255
Nevada 512-922 2,104-3,640 4,488-6,468 1,271-2,952 1,636-3,294 1,631-3,010 9,108-10,948 342-2,071 29,494-41,707
New 512-922 526-910 204-294 31-72 - - - - 1,273-2,198
Hampshire
New Jersey 512-922 4,208-7,280 5,508-7,938 1,457-3,384 - 3,029-5,590 6,336-7,616 504-3,052 21,554-35,782
New Mexico 3,5684-6,454 6,049-10,465  11,832-17,052 2,418-5,616 7,362-14,823 5,592-10,320 14,652-17,612 666—4,033 94,165-128,385
New York 4,096-7,376 ~ 11,572-20,020 23,460-33,810 5,611-13,032 4,908-9,882 6,990-12,900 29,304-35,224 1,926-11,663 121,475-177,515
North Carolina - 1,841-3,185 1,632-2,352 310-720 818-1,647 1,165-2,150 2,772-3,332 72-436 17,012-22,224
North Dakota 8,192-14,752  8,942-15,470  13,056-18,816  2,449-5,688 6,544-13,176 6,291-11,610  15,444-18,564 666—4,033 86,790-127,315
Ohio 4,096-7,376  18,673-32,305 21,216-30,576 5,890-13,680 8,998-18,117  14,679-27,090 28,512-34,272 2,250-13,625 163,128-235,855
Oklahoma 56,32-10,142  8,679-15,015 19,380-27,930  3,689-8,568 6,544-13,176 6,757-12,470  16,632-19,992  1,458-8,829  102,379-149,730
Oregon 512-922 - 1,428-2,058 186-432 1,636-3,294 932-1,720 2,376-2,856 108-654 7,178-11,936
Pennsylvania 5,632-10,142 4,734-8,190 11,832-17,052  2,356-5,472 9,816-19,764 6,757-12,470  22,176-26,656  1,080-6,540 97,991-139,894
Rhode Island 512-922 263-455 204-294 62-144 - - 1,980-2,380 36-218 3,057-4,413
South Carolina 512-922 1,315-2,275 2,040-2,940 310-720 818-1,647 466-860 3,168-3,808 108-654 8,737-13,826
South Dakota 9,216-16,596  19,725-34,125 15,096-21,756  2,790-6,480 9,816-19,764  12,582-23,220 27,324-32,844 882-5,341 173,049-235,744
Tennessee 3,072-5,532 4,734-8,190 6,936-9,996 1,643-3,816 2,454-4,941 2,563-4,730 8,316-9,996 972-5,886 47,494-69,891
Texas 47,104-84,824 81,267-140,595 134,232— 21,421- 50,716-102,114 55,920-103,200 147,708— 7,542-45,671 839,980-1,191,226
193,452 49,752 177,548
Utah 2,560-4,610 2,893-5,005 6,936-9,996 651-1,512 6,544-13,176 3,961-7,310 5,148-6,188 288-1,744 58,388-78,948
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Male population, age, y, 95% CI of seroprevalence

Female population, age, y, 95% CI of seroprevalence

State 15-24 25-44 >65 15-24 25-44 45-64 >65 Total
Vermont — — 31-72 - - — — 439-660
Virginia - 2,367-4,095 1,116-2,592 - 1,165-2,150 4,356-5,236 270-1,635 26,977-35,661
Washington 512-922 1,578-2,730 434-1,008 - 466-860 2,376-2,856 126-763 11,937-16,574
West Virginia - 263-455 186-432 - - 396-476 36-218 1,697-2,757
Wisconsin 1,536-2,766 3,419-5,915 1,085-2,520 2,454-4,941 1,398-2,580 6,336—7,616 378-2,289 44,547-59,628
Wyoming 1,536-2,766 2,893-5,005 8,568-12,348 837-1,944 7,362-14,823 4,427-8,170 10,296-12,376 414-2,507 65,740-89,346
Total 281,088- 547,303- 146,568— 335,380— 391,440- 1,127,412— 55,206— 572,195-8,102,630
506,178 946,855 340,416 675,270 722,400 1,355,172 334,303

*Calculated by using age- and sex-stratified WNND:infection estimates and 95% Cls from Carson et al. (1). WNND, West Nile neuroinvasive disease.
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Appendix Table 3. National and state cumulative incidence estimates of reported WNV infection, continental United States, 1999-2016*

2010 Census ArboNET data Estimated

state WNND Nonneuroinvasive Presumptive viremic Total no. recorded Cumulative attack rate Estimated total seroprevalence
State Region population  cases cases blood donors WNV infections  per 100,000 population infectionst (95% CI), %
Alabama Southeast 4,779,736 183 83 21 287 6 41,857 0.9 (0.7-1.1)
Arizona Southwest 6,392,017 963 551 214 1,728 27 288,701 4.5(3.9-5.4)
Arkansas Southeast 2,915,918 235 76 12 323 11 83,844 2.9 (2.5-3.4)
California West 37,253,956 3,390 2,446 668 6,504 17 945,073 2.5(2.1-3.0)
Colorado West 5,029,196 1,249 3,834 202 5,285 105 411,665 8.2 (6.8-10.0)
Connecticut Northeast 3,574,097 86 43 10 139 4 22,112 0.6 (0.5-0.8)
Delaware Northeast 897,934 20 21 5 46 5 9,780 1.1 (0.9-1.3)
Florida Southeast 18,801,310 271 90 26 387 2 97,189 0.5 (0.5-0.6)
Georgia Southeast 9,687,653 213 169 60 442 5 70,904 0.7 (0.6-0.9)
Idaho West 1,567,582 201 266 61 528 34 94,322 6.0 (5.4-6.9)
lllinois Midwest 12,830,632 1,481 868 94 2,443 19 426,701 3.3(2.8-4.1)
Indiana Midwest 6,483,802 378 228 65 671 10 130,384 2.0 (1.7-2.4)
lowa Midwest 3,046,355 242 243 72 557 18 87,221 2.9(2.4-3.4)
Kansas Midwest 2,853,118 305 272 343 920 32 110,247 3.9(3.3-4.5)
Kentucky Southeast 4,339,367 111 50 36 197 5 27,422 0.6 (0.5-0.8)
Louisiana Southeast 4,533,372 1,009 586 161 1,756 39 363,898 8.0 (6.8-9.6)
Maine Northeast 1,328,361 2 0 0 2 0 606 0 (0-0.1)
Maryland Northeast 5,773,552 219 76 46 341 6 50,412 0.9 (0.7-1.1)
Massachusetts  Northeast 6,547,629 109 35 11 155 2 28,779 0.4 (0.4-0.5)
Michigan Midwest 9,883,640 990 162 68 1,220 12 285,933 2.9 (2.4-3.5)
Minnesota Midwest 5,303,925 290 393 132 815 15 91,776 1.7 (1.5-2.1)
Mississippi Southeast 2,967,297 700 519 84 1,303 44 257,821 8.7 (7.5-10.2)
Missouri Midwest 5,988,927 429 90 56 575 10 127,074 2.1 (1.8-2.6)
Montana West 989,415 158 380 20 558 56 59,197 6.0 (5.3-7.0)
Nebraska Midwest 1,826,341 639 2,795 477 3,911 214 238,470 13.1 (11.1-15.5)
Nevada West 2,700,551 138 77 49 264 10 34,430 1.3 (1.1-1.5)
New Hampshire Northeast 1,316,470 5 1 0 6 0 1,734 0.1 (0.1-0.2)
New Jersey Northeast 8,791,894 159 74 21 254 3 27,799 0.3 (0.2-0.4)
New Mexico Southwest 2,059,179 289 278 55 622 30 109,363 5.3 (4.6-6.2)
New York Northeast 19,378,102 595 205 67 867 4 145,610 0.8 (0.6-0.9)
North Carolina  Southeast 9,535,483 48 15 6 69 1 19,254 0.2 (0.2-0.2)
North Dakota Midwest 672,591 334 1,184 121 1,639 244 105,048 15.6 (12.9-18.9)
Ohio Midwest 11,536,504 670 262 80 1,012 9 195,598 1.7 (1.4-2.0)
Oklahoma Southwest 3,751,351 447 281 155 883 24 123,806 3.3(2.7-4.0)
Oregon West 381,074 35 74 11 120 31 9,257 2.4 (1.9-3.1)
Pennsylvania Northeast 12,702,379 342 197 24 563 4 116,103 0.9 (0.8-1.1)
Rhode Island Northeast 1,052,567 14 2 0 16 2 3,492 0.3 (0.3-0.4)
South Carolina  Southeast 4,625,364 49 24 22 95 2 10,875 0.2 (0.2-0.3)
South Dakota Midwest 814,180 494 1,790 186 2,470 303 200,837 24.7 (21.3-29.0)
Tennessee Southeast 6,346,105 207 71 12 290 5 57,552 0.9 (0.7-1.1)
Texas Southwest 25,145,561 3,171 1,980 521 5,672 23 996,232 4.0 (3.3-4.7)
Utah West 3,763,885 140 118 44 302 8 67,990 1.8(1.6-2.1)
Vermont Northeast 625,741 5 8 1 14 2 549 0.1 (0.1-0.1)
Virginia Southeast 8,001,024 110 48 29 187 2 30,730 0.4 (0.3-0.4)
Washington West 6,724,540 56 43 26 125 2 13,940 0.2 (0.2-0.2)
West Virginia Southeast 1,852,994 14 13 4 31 2 2,171 0.1 (0.1-0.1)
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Estimated

2010 Census ArboNET data

WNND Nonneuroinvasive Presumptive viremic Total no. recorded Cumulative attack rate

Estimated total seroprevalence

state
State Region population  cases cases blood donors WNV infections  per 100,000 population infectionst (95% CI), %
Wisconsin Midwest 5,686,986 150 87 177 414 7 51,249 0.9 (0.8-1.0)
Wyoming West 563,626 175 515 31 721 128 76,220 13.5 (11.7-15.9)
Total 303,623,283 21,520 21,623 4,586 47,729 16 6,751,227 2.2 (1.9-2.7)

*WNND, West Nile neuroinvasive disease; WNV, West Nile virus.
tTEstimated total from Appendix Table 1.
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