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Introduction to the 2017 Revision 

The 2017 Vermont Arbovirus Surveillance Plan is a revised version of the 2015 plan, which 

was focused on responding to Eastern equine encephalitis virus (EEEV). This 2017 revision 

continues the focus on EEEV, but also includes information on West Nile virus (WNV). This 

plan includes information about education, surveillance and guidance about the state’s 

response to a positive EEEV finding. 

This plan is based upon the most up-to-date scientific information available and incorporates 

guidelines from the Centers for Disease Control and Prevention (CDC) and the 

recommendations of the Vermont Agency of Agriculture, Food and Markets (VAAFM) and 

the Vermont Department of Health (VDH). Knowledge gained from subsequent surveillance 

and research data, both nationally and in Vermont, may result in further revisions to this plan.  

This current version has been reviewed by the State Epidemiologist for Infectious Disease, the 

Vector-borne Epidemiologist, the State Public Health Veterinarian, the State Entomologist 

and the State Veterinarian.  

 

Background Information on Eastern Equine Encephalitis Virus 

Eastern equine encephalitis virus (EEEV) is a member of the genus Alphavirus, family 

Togaviridae.  The virus is maintained in nature through avian hosts and Culiseta melanura 

mosquitos located primarily in freshwater, hardwood swamps. Culiseta melanura mosquitoes 

mostly bite birds, and it is not known if it is an important vector for human infection. 

Mosquito species that bite both birds and mammals are considered “bridge” species and may 

be the source of transmission of EEEV to mammals. Mosquito species from the genera Aedes, 

Ochlerotatus, Coquillettidia and Culex are all potential bridge vectors.  

In humans, an infection with EEEV can vary from asymptomatic to severe illness. People who 

become ill with an EEEV infection either have systemic or encephalitic disease. Symptoms of 

a systemic illness include the abrupt onset of fever, chills, fatigue, arthralgia and myalgia. 

Those with encephalitic disease may have fever, headache, irritability, vomiting, diarrhea, 

convulsions and other symptoms. The mortality rate among encephalitic cases is 

approximately 35%. In addition, about half of people who survive the encephalitic form of the 

disease have some degree of permanent neurologic damage.  

EEEV virus causes a severe neurologic disease in horses and other equids. Mortality in 

unvaccinated horses approaches 90%. Signs and symptoms in horses include fever, 

depression, anorexia, ataxia, limb weakness or paralysis, blindness, irritability, and sudden 

death. EEEV virus can also cause a serious disease in emus and other ratites, however 

symptoms of hemorrhagic gastroenteritis predominate. Alpacas and llamas are also 

susceptible to EEEV. 

The virus is well-established in North America, and outbreaks in horses were recorded as 

early as 1831. Human cases are relatively uncommon, with an average of eight cases reported 

nationally between 2004 and 2013. Most of the EEEV activity has occurred in the Atlantic 

and Gulf Coast states, and most human cases have occurred in Florida, Georgia, New Jersey 

and Massachusetts. 

The first evidence that the virus was present in Vermont was obtained in 2010 from a deer and 
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moose serosurvey. Approximately 10% of the deer and moose sampled had evidence of prior 

exposure to EEEV. These seropositive cervids were distributed widely throughout the state, 

with no evidence of clustering in particular regions.  

In 2011, EEEV was detected through veterinary surveillance for the first time in the state 

when an emu in Rutland County tested positive for the disease.  The following year was the 

most severe year for EEEV activity in Vermont. Ten mosquito pools in Addison and Rutland 

counties tested positive for the virus between July and September of 2012. Two horses from 

these counties also tested positive for EEEV and two residents of Rutland County died of the 

disease.   

2013 again saw increased EEEV activity, with 21 mosquito pools testing positive in Addison 

and Rutland counties. One positive pool was detected in Chittenden County and two horses 

tested positive for EEEV in Franklin county, marking the state’s first positive findings outside 

of the Rutland and Addison County region. Eight mosquito pools tested positive for EEEV in 

2014, followed by just one pool in 2015. No positive pools were detected in 2016. 

The information collected to date indicates that EEEV activity is clustered in Vermont and 

tends to occur near acidic, hardwood swamps. Most of the significant EEEV activity has been 

detected near the swamps in southern Addison and northern Rutland counties. It is anticipated 

that this area will continue to be an area of higher risk for the foreseeable future. Given the 

diagnosis of EEEV in horses in Franklin County in 2013, as well as the positive mosquito 

pools detected in this county in 2014 and 2015, this area is also a considered to be at higher 

risk.  

Results of the 2010 serosurvey indicated that cervids from many different parts of the state are 

being exposed to the virus. While it is not yet understood if this has any significance for the 

risk of human illness, it is possible other high-risk foci will become evident in the future.  

 

Positive Eastern Equine Encephalitis Virus Indicators in 

Vermont 

Year Veterinary Mosquito Pools Humans 

2011 1 0 0 

2012 2 10 2 

2013 2 23 0 

2014 0 8 0 

2015 0 1 0 

2016 0 0 0 

 

Background Information on West Nile Virus 

West Nile virus (WNV) is a Flavivirus from the family Flaviviridae. that can infect a wide 

range of vertebrates. Birds are the natural reservoir hosts for WNV, which is maintained in 

nature in a mosquito-bird transmission cycle primarily involving Culex mosquitoes, 
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particularly Culex pipiens, Culex restuans and Culex quinquefasciatus. Many species of birds 

commonly survive their infections and develop permanent immunity; the amount of virus can 

even become amplified in some of these bird species. However, several other species become 

ill and die, particularly corvids such as crows, blue jays, and ravens. 

The majority (approximately 80%) of humans infected with WNV experience no symptoms. 

Approximately 20% of those infected develop a febrile illness. Less than one percent of those 

infected with WNV develop severe neurologic illness, such as encephalitis or meningitis, 

which can be fatal in a small percentage of cases. People over 50 years of age and those with 

weakened immune systems are at greatest risk for severe illness due to WNV infection. 

Like humans, horses infected with WNV can experience asymptomatic infection or illness 

that can be mild or severe. Approximately one third of horses that develop severe illness die 

or are euthanized. However, the availability of a West Nile virus vaccine for horses has 

greatly reduced the number of cases. 

West Nile virus was first detected in the US in 1999 after being imported into the country 

from overseas. Since then it has become the most commonly reported arboviral disease in the 

country. The virus was first detected in Vermont in 2000 and has since spread into all 14 

counties. It is considered endemic in the state and no part of the state appears to be at greater 

risk than others. Surveillance for West Nile virus through the testing of dead birds ended in 

2011. 

 

 Positive West Nile Virus Indicators in Vermont 

Year Veterinary Birds Mosquito Pools Humans 

2000 0 1 0 0 

2001 0 0 0 0 

2002 5 125 11 1 

2003 4 116 0 3 

2004 0 9 7 0 

2005 2 4 2 0 

2006 0 9 0 0 

2007 0 3 0 0 

2008 0 1 1 0 

2009 0 4 12 0 

2010 0 1 9 0 

2011 0 16 3 2 

2012 2 N/A 1 3 

2013 1 N/A 28 2 
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 Positive West Nile Virus Indicators in Vermont (continued) 

Year Veterinary Birds Mosquito Pools Humans 

2014 0 N/A 8 0 

2015 0 N/A 96 0 

2016 0 N/A 19 2 

 

Plan of Action 

Information gathered from surveillance activities will inform local policy makers about the 

level of virus activity and the potential threat to human health. This plan allows the state and 

local government the flexibility to respond to local situations. The goal of the State of 

Vermont Arbovirus Surveillance and Response Plan is to protect public health from an 

outbreak of WNV or EEEV. To accomplish this goal, emphasis will be placed on public 

education about the transmission of these viruses, elimination of mosquito breeding habitats, 

and personal preventive measures to prevent or reduce the risk of exposure.   

Widespread adult mosquito suppression programs will only be considered as a last resort if 

surveillance data suggest an increasing and significant risk to human health. Decisions for 

public health action will be informed by interpretation of the available surveillance data and 

several additional factors, including: 

A. Current weather; 

B. Season of the year (i.e., how long the transmission risk can be expected to persist until 

mosquito activity decreases); 

C. Feasibility of the planned activities; 

D. Public input on planned activities; 

E. Ecology of the area (e.g., key habitat types); 

F. The human population at risk (urban versus rural, a consideration of the relative risk of 

pesticides versus arbovirus infection); and 

G. Vector species known or believed to be of importance in the area. 

The anticipated benefits of using pesticides versus the risk of harm to people and the 

environment from their use, as well as the factors listed above, will be considered. If the use 

of pesticides to control arboviruses is anticipated, steps will be taken to inform the local 

community and to address community concerns. 

 

Components of the Plan 

A. Education 

Education of healthcare providers, veterinarians and the public about arboviral illnesses is 

a key focus of this plan. Each spring and early summer a core set of educational materials 

will be updated and distributed as appropriate. Education and outreach will consist of 
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press releases, VT-Health Alert Network (HAN) alerts, posted information on the Health 

Department’s website, emails, and other appropriate methods. Additional educational 

efforts will be done in response to positive surveillance indicators. 

1. Maintain educational messages with emphasis on personal protective measures for 

groups at highest risk for serious illness (i.e., individuals over 50 years of age) and on 

the importance of eliminating mosquito breeding sites. (VDH, VAAFM) 

2. Update the Department of Health’s West Nile virus and Eastern equine encephalitis 

web pages as indicated. (VDH) 

a. Communicate information to the public as needed, including: 

1. minimizing exposure to arbovirus vectors,  

2. the importance of public cooperation in reducing mosquito breeding 

sites, 

3. integrated pest management for controlling mosquito populations,  

4. the proper use of insect repellents,  

5. the agencies responsible for suppression project activities,  

6. how to protect susceptible pets and livestock from illness 

b. Respond to public inquiries. (VDH, VAAFM, USDA Wildlife Services) 

c. Educate healthcare providers about testing and reporting of arboviral diseases. 

(VDH) 

d. Educate veterinarians about testing and reporting of arboviral diseases in 

animals. (VDH, VAAFM) 

 

B. Passive Human Surveillance 

Active surveillance for human cases will be considered if surveillance data indicate 

increased risk for human illness, or if a human case is identified. 

1. Disseminate information about arbovirus surveillance to health care providers around 

the state. (VDH) 

2. Maintain surveillance data on reported cases. (VDH) 

3. Provide information on the number of human cases to the public and local officials. 

(VDH) 

4. Report human surveillance data to the CDC through ArboNet. (VDH) 

5. Coordinate the testing of specimens for arboviruses as appropriate. This includes 

obtaining samples from commercial or clinical labs for confirmatory testing by a 

public health laboratory. (VDH) 

a. Hospitalized patients with encephalitis, meningitis of suspected viral origin, or 

Guillain-Barré syndrome should be tested. Patients meeting these criteria can 

be tested through the Vermont Department of Health Laboratory (VDHL). 
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b. VDHL cannot offer testing for persons with milder illness, such as fever or 

headache, but testing is available through commercial laboratories. 

c. All specimens should be accompanied by a completed VDHL Clinical Test 

Request Form. Date of onset must be included. 

d. Serum specimens 

1. Collect 7–10 ml of blood in a red-top or tiger-top collection tube. 

Acute phase serum should be collected on day 10 of illness, as most 

cases have detectable serum IgM antibody by the eighth day of 

illness.  

2. Convalescent serum should be collected on day 21 of illness; most 

infected individuals demonstrate long-lived serum IgG antibody by 

three weeks post infection. Any patient whose acute phase serum 

tests negative for IgM antibody needs to have a convalescent phase 

specimen submitted for testing.  

3. Specimens should be centrifuged and 1–2 ml of serum submitted at 

refrigerated temperature to the Vermont Department of Health 

Laboratory.  

e. Cerebrospinal fluid specimens 

1. Collect 1-2 ml of cerebrospinal fluid (CSF) as early as possible.  

IgM antibody is detectable in CSF in most patients by the onset of 

symptoms, but is relatively short-lived in CSF compared with 

serum.   

2. Detection of IgM in CSF confirms recent infection, although 

infection cannot be definitively ruled out if IgM is not detected.  

IgG antibody in CSF often does not reach detectable levels and is 

therefore not a sensitive indicator of infection.  

3. Specimens should be submitted frozen to the Vermont Department 

of Health Laboratory. 

C. Passive Veterinary Surveillance  

1. Disseminate information on veterinary surveillance activities to veterinarians 

throughout the state. (VDH, VAAFM) 

2. Facilitate testing of suspect veterinary cases. (VDH, VAAFM) 

3. Maintain surveillance data on arbovirus-infected domestic animals in Vermont. 

(VAAFM, VDH) 

4. Provide veterinary surveillance data to the public and local officials. (VDH, VAAFM) 

5. Report veterinary surveillance data to the CDC via ArboNet. (VDH) 

6. Disseminate information about the WNV and EEEV equine vaccines to veterinarians 

and horse owners throughout the state. (VAAFM, VDH) 
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D. Adult Mosquito Surveillance  

Monitoring mosquitoes in a consistent fashion provides information about the various 

species present and any seasonal population trends among different species.  Adult 

mosquito surveillance will start in mid-June before the expected start of arbovirus season 

begins in July. Surveillance will end in mid-October unless extended surveillance is 

indicated due to warm air temperatures or evidence of virus. 

Areas targeted for mosquito surveillance will be selected based upon perceived risk (e.g., 

more densely populated areas, known flooding tendencies), habitat, geographic location 

and convenience. Global positioning system (GPS) units will be used as resources permit 

to map survey areas. 

A combination of carbon dioxide-baited CDC light traps, gravid traps and resting boxes 

will be used to collect mosquitoes. However, there will be an emphasis on the use of 

resting boxes to increase the numbers EEEV-competent species trapped.  

Carbon dioxide-baited CDC light traps primarily collect host-seeking, non-blooded female 

mosquitoes. Traps will be set in the late afternoon or early evening and retrieved the 

following morning. Traps will be set and attended on a regular basis, as resources permit. 

Once productive trapping sites are located, traps will be operated consistently at the same 

sites, as resources permit. 

The gravid trap is specifically designed to collect mosquitoes seeking oviposition sites. 

Following blood feeding, mosquitoes seek sheltered areas in which to rest and digest the 

blood meal into eggs. Once eggs have formed, the gravid female seeks a site to lay 

(oviposit) her eggs. Gravid traps will be set in the late afternoon or early evening and 

retrieved the following morning.  

Resting box traps will be set out in areas conducive to surveying for the primary vector 

species for EEEV, Culiseta melanura. Ground surveys may also be used to detect resting 

populations. Live fresh specimens will be collected from resting areas and used to 

determine population densities. Both natural resting sites (bridges, porches, culverts, 

vegetation) and artificial (red boxes, black boxes, nail-keg shelters) may be used for this 

purpose. 

1. Determine likely sites for mosquito collection depending on target species. (VAAFM) 

2. Identify female mosquitoes to species and separate into pools. A mosquito ‘pool’ is 

defined as a group of one to fifty mosquitoes of the same species that were trapped at 

the same location on the same night. (VAAFM) 

3. Test mosquito pools of appropriate species for WNV and EEEV via polymerase chain 

reaction (PCR). (VAAFM, VDH) 

a. To detect EEEV, Culiseta melanura and other Culiseta sp. will be prioritized 

for testing. Other suspected bridge vectors may also be tested including Aedes 

spp., Ochlerotatus spp. and Coquillettidia perturbans. 

b. When the goal is to detect WNV, trapping and testing will focus on Culex (e.g., 

Cx. pipiens, Cx. restuans, Cx. salinarius), and the suspected secondary vectors 

of the genus Aedes and Ochlerotatus (e.g., japonicus, triseriatus, trivittatus, 
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canadensis and vexans).  

4. Store any untested mosquito pools in case viral testing is later indicated. (VAAFM) 

5. Maintain records of mosquito trap sites, the number and species of mosquitoes 

collected by location and date, and arbovirus test results. (VAAFM) 

6. Provide mosquito surveillance data to the public and local officials. (VDH, VAAFM) 

7. Report mosquito surveillance data to the CDC through ArboNet on a weekly basis. 

(VAAFM) 

8. Conduct enhanced mosquito surveillance in areas where virus has been detected in a 

human or domestic animal. (VAAFM) 

 

E. Larval Mosquito Surveillance  

Surveillance activities for immature (larvae and pupae) mosquitoes involve the mapping 

and characterization of aquatic habitats where mosquitoes breed.  Mosquito breeding can 

occur anywhere where there is standing water available.  Examples include tires, pails, 

garbage cans, plant pots, clogged rain gutters, bird baths, storm drains, unchlorinated 

swimming pools, and swimming pool covers.  Mosquito breeding can also occur in natural 

water-filled areas, such as wetlands, temporarily flooded areas, or stream edges.  

Because of limited staff, larval mosquito surveillance has been limited to areas that are 

part of a Mosquito Control District. 

 

1. Map and characterize aquatic mosquito breeding habitats. (VAAFM) 

2. Sample mosquito larvae utilizing standard dipping techniques. (VAAFM) 

3. Identify larvae to species using larval mosquito identification keys. (VAAFM) 

4. Maintain records of the number and species of larvae sampled by location and date. 

Samples will be recorded as the number of larvae per dip on the Mosquito Breeding 

Site Survey Form (VAAFM) 

F. Response 

The key to reducing the risk of EEEV and WNV infection is educating the public about 

measures they can take to protect themselves against mosquitoes. VDH will continue 

outreach and education efforts to the public.  

Risk Assessment 

The response depends upon an assessment of the risk for human illness. A risk assessment 

and response matrix has been developed to help guide the response to EEEV surveillance 

indicators. (Attachment 1). Since EEEV is relatively new to Vermont, the risk assessment 

should be considered a general guide and cannot be expected to provide any certainty of 

the degree of risk. Predicting the likelihood of human illness has proven to be difficult in 

other states, even those with more surveillance data than Vermont.  

Mosquito surveillance provides the most useful information for risk assessment. 

Therefore, the EEEV Risk Assessment Response Matrix is best applied in areas where 
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active adult mosquito surveillance is occurring. Risk will be assigned to an area based 

upon the prior two years of surveillance data with modifications made as results from the 

current year become available. 

It is difficult to describe with any certainty the area at risk given a positive surveillance 

finding. There is some evidence that most human illness occurs in people who live within 

five miles of an acidic, hardwood swamp. Therefore, an area of approximately five miles 

around positive mosquito pools will be designated as potentially at risk.  

Because it cannot be determined with certainty that people further away than five miles are 

not at risk, an additional five-mile area “of concern” will be added to the area at risk. If 

veterinary or human cases are detected, additional areas may be designated as at risk 

depending on the likely place of exposure. When deciding between risk break points,  

including more of an area rather than less will be the default practice. The risk area may be 

adjusted to account for geographic features, such as the Green Mountains, which could 

affect the potential flight range of infected mosquitoes. The risk areas will be represented 

on a map which will be updated as indicated throughout the arbovirus season and posted 

on the VDH website.  

Areas of the state that do not have any mosquito surveillance should be considered at 

“remote” risk. Residents of those areas should take precautions to prevent mosquito bites 

and reduce mosquito breeding sites in their communities. The risk for WNV infection is 

statewide. The extent of the risk for EEEV infection is not as well-understood. 

In most cases, the response will be educational and include information on preventing 

mosquito bites, reducing peridomestic exposure, seeking appropriate medical care and 

protecting susceptible animals. Increased surveillance may also be recommended. Vector 

management to suppress mosquito populations may be considered if the risk of human 

infection appears to be high.  

In general, response to detection of arboviral activity will include the following: 

1. Notification and communication in response to detection of WNV or EEEV (VDH) 

a. First positive indicator 

1. A statewide press release will be issued in response to the first 

positive indicator of the season.  

b. Positive mosquito 

1. Whenever virus is detected in a mosquito pool in a town, at a 

minimum, the VDH District Office and the Town Health Officer 

will be notified.  

2. Additional press releases will be done if there is an increased risk to 

human and animal health. The risk depends on such factors as the 

species of mosquito found to be positive (i.e. bird biter vs. mammal 

biter), the infection rate and the overall number of positive 

surveillance indicators. 

c. Positive domestic animal finding 

1. The State Veterinarian will be notified, who will in turn notify the 
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attending veterinarian.  

2. After those notifications have been made, the Town Health Officer 

and the local District Office and the Communications Offices of 

both VDH and VAAFM will be notified.  

3. Active surveillance for additional veterinary cases may be 

considered. Enhanced mosquito surveillance in the area of likely 

exposure will also be considered. 

d. Positive human case 

1. The Commissioner of Health will be notified, followed by the 

Communications offices of VDH and VAAFM. The local District 

Office will be notified.  

2. To preserve patient confidentiality, the town of residence of the 

patient may need to be withheld, in which case town officials where 

the patient lives will not be specifically notified. 

3. A press release, enhanced mosquito surveillance and enhanced 

passive or active human surveillance will be considered. In most 

cases, a Health Alert will be sent out reminding physicians to 

consider arboviral illness. 

2. Vector Management 

Larval source reduction in defined areas is the most effective way to prevent 

transmission of WNV. The efficacy of larviciding to prevent EEEV is less clear. 

Adulticiding may be indicated if large numbers of infected adult mosquitoes are 

present. Individual situations will be evaluated, and the appropriate suppression 

method used. If adulticiding is indicated, then the State will follow the Aerial 

Adulticide Application in Response to Mosquito-Borne Disease Threat: Multi-Agency 

Response Flowchart (Attachment 2) and do the following 

a. Consult with local officials regarding a suppression project. (VDH, VAAFM) 

b. Assist local officials in conducting informational meetings on proposed 

mosquito suppression programs. Make public notice at least 24 hours prior to 

any state-ordered ground-level or aerial spraying of adulticides. (VDH, 

VAAFM) 

c. Secure all permits necessary to conduct the appropriate mosquito suppression 

program. (VAAFM)  

d. Notify the State Apiculturist of adulticiding. State Apiculturist will notify 

beekeepers in the area, directly or indirectly and to the extent possible based on 

available contact information for those constituents. (VAAFM) 

e. Notify the Vermont chapter of the Northeast Organic Farming Association of 

Vermont. (VAAFM) 

f. Notify local healthcare providers and the poison control center. (VDH)  

g. Notify the Commissioner of the Vermont Department of Fish and Wildlife 
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(VAAFM) 

h. Notify veterinarians and livestock owners and producers using notification 

channels such as the Vermont Veterinary Medical Association, the Animal 

Agricultural Alert Network and pertinent email distribution lists. (VAAFM) 

i. Secure pesticide(s), aerial applicator, and ground-based ULV machinery and 

enlist certified pesticide applicators to conduct suppression programs. 

(VAAFM) 

j. Assemble a ground monitoring crew to deal with environmental issues (e.g., 

weather, water, wildlife, livestock, non-target and ecosystem effects, organic 

farms and other crop lands). (VAAFM) 

k. Apply mosquito larvicide or adulticide. (VAAFM) 

l. Implement surveillance for possible health effects of exposure to pesticides. 

Data will be collected on reports to the poison control center and local 

emergency departments of possible health effects of pesticide exposure. This 

information will be used to identify: 

1. Serious, unusual, or repeated acute health effects that show a 

pattern of association with local or aerial spraying that might 

warrant further evaluation. More intensive evaluation might include 

collection of detailed case histories for a subset of reports, or review 

of emergency department records. 

2. Unexpected routes of exposure that might warrant investigation. 

3. Frequent problems in responding to concerns and inquiries about 

pesticide health effects, including knowledge gaps. 

 

 

 


