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Vectorborne Disease 

Three components of vectorborne disease 
Pathogen 
Host 
Vector 

 

https://www.sercc.com/climate_health/ 

Presenter
Presentation Notes
In order to have vectorborne disease, you need to have at least three components: a pathogen, a susceptible host and a vector. This triad can range from being straight forward (one host, one vector) to fairly complex (multiple hosts, multiple vectors). A certain level of susceptibility of the host and vector to the pathogen needs to be present in order for pathogen replication, transmission and a disease state to be able to occur. Additionally, there needs to sufficient population densities of hosts and vectors to support continued transmission of the pathogens.The ability of this cycle to continue and become problematic is multifactorial as we will discuss in the coming slides.



Tickborne Disease Program 



NH DHHS Tickborne Disease Activities 
Human case surveillance 
Tick surveillance as funding allows 
Distribution of surveillance data 

Maps, Data Reports, Incidence by County 
Healthcare provider clinical messaging 

Annual health alert message with clinical, diagnosis, 
and treatment information 

Public education and prevention messaging 
NH DHHS website 
Annual Press Release 
Availability of public health staff to respond to public 
inquiries by phone or email 

 

Presenter
Presentation Notes
Some of the tickborne disease surveillance activities that occur in NH include human case surveillance and tick surveillance as funding allows.  Additionally, on the DHHS website you’ll find links to TBD fact sheets, data reports, and our newly published State of NH Tickborne Disease Prevention Plan. In addition, there you can find links to our TBD/VBD HANs and Press Releases



Ticks in NH 

Common human-biting species in NH 
American dog tick: Dermacentor variabilis 
Blacklegged tick (deer tick): Ixodes scapularis 

 
Other ticks 

Winter tick: generally does not bite humans, looks 
similar to dog tick – moose impacted 
Lone star tick: may be moving north to NH 
eventually 

Photo credit: Centers for Disease Control and Prevention (CDC) 

Presenter
Presentation Notes
Blacklegged tick: Lyme, babesiosis, anaplasmosis, powassanAmerican dog tick: Rocky mountain spotted fever, and tularemia, but not in NHWinter tick: Moose are the most commonly impacted host for the winter tickLone star tick: ehrlichiosis, tularemia, and southern tick-associated rash illness (STARI)



Photo credit: CDC 

Presenter
Presentation Notes
This is a diagram of the life cycle of a blacklegged tick. Ticks have four life stages, egg, larva, nymph and adult. Only the nymphs and adults feed on humans. Most ticks feed on a different host at each stage of their life, which is important to be aware of when identifying appropriate control and prevention methods.



Construction 
Landscaping 
Forestry 
Working with brush 
Working with yard 
waste 
Land surveying 
Farming  

Some of the more common occupations that have a higher 
risk of tick bites and becoming infected with tickborne 
diseases include: 
 Railroad work 

Oil field work 
Utility line work 
Park or wildlife 
management 
Hunting 
Hiking  
Other outdoor work 

Occupations and Activities at Risk 



Lyme Disease 



Symptoms of Lyme Disease 
Early localized disease 

Incubation : 3 to 32 days 
Early localized disease 

within 1 month of infection 
Slowly expanding skin lesion (60-80%): erythema migrans (bull’s eye) rash 
Usually accompanied by influenza-like illness: headache, arthralgias, 
myalgias, fever, lymphadenopathy. 

Early disseminated disease 
Weeks to months after initial infection and can involve skin, joints, 
heart, CNS 
Neurologic disease in 15% of untreated patients  - Neuroborreliosis  
Cardiac disease in 5% of untreated patients 

Recent publication on Lyme carditis deaths  
Musculoskeletal involvement in 60% of untreated patients 

Late disseminated disease  
Months to years after initial infection 
Lyme arthritis – 60% (untreated) 
Neuroborreliosis – 5% (untreated) 

Photo credit: CDC 

Presenter
Presentation Notes
LD is an illness that has 3 stages. Early localized Lyme disease is the first stage, and occurs within 1 month of infection.  It is characterized by a slowly expanding bull’s eye rash, which may be accompanied by additional influenza-like symptoms. The bull’s eye rash is seen in about 60-80% of patients and usually develops about a week (range 3–32 days) after being bitten by an infected tick. If left untreated the rash can last for several weeks; however, it will resolve in a few days if treated with antibiotics.Early disseminated Lyme disease is the second stage, and can occur weeks to months after initial infection and may occur without a prior history of the bull’s eye rash.  It is characterized by neurologic, cardiac, or mild musculoskeletal involvement.The third stage is late disseminated Lyme disease. Symptoms at this stage usually develop months to years after initial infection and, again, may occur without a prior bull’s eye rash.  It is characterized by Lyme arthritis, typically involving large weight-bearing joints, or Lyme neuroborreliosis, which is characterized by an altered mental status or personality changes.Image from: http://blog.colloidsforlife.com/health-conditions/lyme-disease-symptoms-chronic/



Presenter
Presentation Notes
This graph is a summary of Lyme disease for the state – a big picture comparison between years of the number of cases we have been seeing.  The increase you can see between 2005 and 2008 could be due to both the spread of ticks or reservoirs carrying Lyme disease and changes in awareness of the disease which can lead to more suspected cases of disease being reported.Notes:In 2015 there were an estimated 1371 confirmed and probable cases of Lyme disease in NH. 



Presenter
Presentation Notes
This graph shows the number of reported Lyme disease cases by month.  There tends to be an increase in reported cases of Lyme disease in the late spring to summer months when the nymph ticks are most active.  This is because the nymphs are very small (about the size of a poppy seed) and often go unnoticed while attached to people. 



Distribution of Lyme Disease - 2016 

Source: CDC 

Presenter
Presentation Notes
This map shows the distribution of Lyme disease cases in the US in 2015.  As you can see, cases of Lyme disease are heavily concentrated in the northeast and upper Midwest.



Presenter
Presentation Notes
Zooming in on NH, you can see that NH’s cases are most heavily concentrated in Rockingham, Strafford and eastern Hillsborough counties; however, we have started to see more cases reported from the western and northern counties as well.



Presence of the 
Borrelia bacteria 
in the NH  
Blacklegged Ticks 
2013- 2014 

Presenter
Presentation Notes
This map shows the proportion of adult blacklegged ticks that were collected from 2013 – 2014 and were found to be infected with the bacterium that causes Lyme disease.  As you can see, infection with the bacterium among ticks is very common, with about 60% of ticks across NH being infected.



Anaplasmosis and Babesiosis 



Anaplasmosis and Babesiosis 

Transmitted by the blacklegged tick 
Main reservoir is the white footed mouse 
Flu-like symptoms (most common presentation) 

Fever, headache, muscle pain, malaise, chills, 
nausea/abdominal pain, cough, confusion, sweats, 
headache, body aches, loss of appetite, nausea, 
fatigue 

Image from 
http://www.fcps.edu/islandcreekes/ec
ology/white-footed_mouse.htm 

Presenter
Presentation Notes
Like Lyme disease, anaplasmosis and babesiosis are diseases that are transmitted by the bite of an infected blacklegged tick, and the white footed mouse serves as the main reservoir.  Symptoms of anaplasmosis generally occur within 5-21 days following the bite of an infected tick and often resemble flu-like illness. Symptoms of babesiosis are similar, however, babesiosis can also cause hemolytic anemia since it is a parasite.  Some individuals who are infected with anaplasmosis or babesiosis may not have any symptoms, however, some people, particularly elderly persons, the very young or those with weakened immune systems, may have a more severe illness.Notes:Hemolytic anemia: a condition in which red blood cells are destroyed and removed from the bloodstream before their normal lifespan is over or faster than the bone marrow can produce them.



Presenter
Presentation Notes
From 2013 – 2014 reported cases of anaplasmosis increased by 32% and reported cases of babesiosis increased by 45%



Source: CDC 

Number of U.S. Anaplasmosis Cases 

Presenter
Presentation Notes
The graph displays the number of human cases of anaplasmosis reported to CDC annually from 1994 through 2010. Cases of anaplasmosis have generally increased from 350 cases in 2000, when the disease became nationally notifiable, to 1163 cases in 2009. The number of reported cases increased 52% between 2009 and 2010.



Source: CDC 

Distribution of Anaplasmosis, 2010 

Presenter
Presentation Notes
This is a map showing the incidence of anaplasmosis cases in the U.S. As you can see, most cases are reported from the upper midwestern and northeastern states, which is similar to the distribution of Lyme disease cases that has been observed



Source: CDC 

Number of U.S. Babesiosis Cases 

Presenter
Presentation Notes
For 2013, among the 27 states in which babesiosis was a reportable condition, CDC was notified of 1,762 cases of babesiosis



Source: CDC 

Distribution of Babesia, 2013 

Presenter
Presentation Notes
And here is a map showing the distribution of reported cases of babesiosis in the U.S. in 2013. 95% of cases were reported in the upper midwestern and northeastern states



Powassan Virus 



Powassan Virus 
Viral encephalitis 
Incubation from 1 week to 1 month 
Two strains associated with human disease 

Powassan Virus (POW) – Lineage 1 
Deer Tick Virus (DTV) – Lineage 2 

Ixodes scapularis – white-footed mice (DTV) 

Possible symptoms: Drowsiness, headache, confusion, fever, 
vomiting, weakness, speech difficulties 
Illness could progress to encephalitis (brain), meningitis 
(membranes), or meningoencephalitis 
Severe, long lasting sequelae in ≥ 50% 
Case fatality ~ 10% (encephalitis) 

Presenter
Presentation Notes
Powassan virus is maintained in an enzootic cycle between ticks and small to medium sized rodents such as the white-footed mouse. There are two types of Powassan virus in the U.S. Lineage 2, which is sometimes called deer tick virus is associated with Ixodes scapularis ticks, the primary vector of Lyme disease, but both types of Powassan virus are capable of causing disease in humans.Symptoms of Powassan Virus can appear any time from one week to one month after being bitten by an infected tick, however, not everyone who becomes infected with Powassan Virus will have symptoms. Symptoms may include fever, headache, vomiting, weakness, confusion, loss of coordination, difficulty speaking, and seizures, or could become more severe and progress to encephalitis or meningitis. Cases that progress to encephalitis have a 10% case fatality rateNotes:Lineage 1 Powassan virus is associated with Ixodes cookei (enzootic cycle: woodchucks) or Ixodes marxi (enzootic cycle: squirrels) ticks



Powassan Virus – US 2007-2016 

Source: cdc.gov and ArboNET 

Presenter
Presentation Notes
Here is a map showing the distribution of Powassan Virus in the U.S. As you can see, NH had it’s first reported case in 2013.  Similarly, the majority of cases have been reported from states in the upper midwest and northeast.



Distribution of Powassan Virus 2006-2016 

Source: cdc.gov and ArboNET 

Presenter
Presentation Notes
Here is a map showing the distribution of Powassan Virus in the U.S. As you can see, NH had it’s first and only reported case in 2013.  Similarly, the majority of cases have been reported from states in the upper midwest and northeast.



Mosquitoborne Diseases in NH 
West Nile Virus 
Eastern Equine Encephalitis 
Jamestown Canyon Virus 



NH DHHS Arboviral Surveillance Activities 
Surveillance and control 

Mosquito 
Town-based program decisions and financing 

Human and veterinary 
Outreach and coordination with healthcare providers 
(Health Alert Network messaging) 

Public education and prevention messaging 
Distribution of surveillance data  
Test results and risk map updated weekly July-Sept 
Press releases 

NH Public Health Laboratories testing 
Mosquito, human, veterinary samples 

 



West Nile Virus 



West Nile Virus 
Most commonly transmitted through the bite of 
an infected mosquito 

Culex spp 
Rarely transmitted by: 

Blood transfusions 
Organ transplants 
Exposure in a lab 
From mother to baby during pregnancy, delivery or 
nursing 

Birds are the main reservoir host 

Presenter
Presentation Notes
Incubation period: 3-12 days



 
3-14 days after bite from infected mosquito 
“West Nile Fever” 

About 20% of those people infected will have mild 
illness 
Fever, headache, body aches, swollen lymph nodes 

WNV Neuroinvasive Disease 
About 1 in every 150 people infected  
High fever, headache, neck stiffness, muscle 
weakness, disorientation, meningitis, encephalitis 

People over 50 years of age are at higher risk of 
developing serious symptoms 

 

Symptoms of West Nile Virus 



2017 WNV Activity - National 

Data: CDC ArboNET 
Current as of 1/09/2018 

121 of 2,002 
cases were 
fatal 

Presenter
Presentation Notes
This map shows the distribution of non human activity (shaded in light green) and human infections including PVDs (dark green) occurring during 2015 by state. If West Nile virus infection is reported from any area of a state, that entire state is shaded.



NH WNV Activity: 2001-2017 

Presenter
Presentation Notes
WNV had been detected periodically between 2001 and 2009.  Since then, we have detected it rather consistently. 



Presenter
Presentation Notes
This is a summary of all positive WNV locations and which species were positive.No new towns with detections added to this map in 2017.



Eastern Equine Encephalitis 



Eastern Equine Encephalitis 
Most commonly transmitted through the bite of 
an infected mosquito 

Aedes, Coquillettidia, Culex spp, Culesita melanura  
Rarely transmitted by: 

Lab exposure 
Bird to bird (emu, pheasants) 

Birds are the main reservoir host 

Presenter
Presentation Notes
Incubation period: 4-10 days



Rare but serious disease 
4-10 days after bite from infected mosquito 
Severe EEE: Encephalitis 

Sudden high fever, severe headache, stiff neck, can 
be followed by seizures, coma 
Approximately 33% mortality 
Survivors often suffer long-term to permanent brain 
damage 

May also appear as milder, flu-like illness 
Persons < 15 and >50 are most at risk for severe 
disease 

Symptoms of EEE 



2017 EEE Activity - National 

Data: CDC ArboNET 
Current as of 1/09/2018 

1 of 3 cases 
was fatal 

Presenter
Presentation Notes
This map shows the distribution of non human activity (shaded in light orange) and human infections (dark orange) occurring during 2015 by state. If EEE infection is reported from any area of a state, that entire state is shaded.



NH EEE Activity 2004 - 2017 
 

Mosquito Testing initiated in 2004 

(2) 
(1) 

(2) 

Presenter
Presentation Notes
7 human cases with 2 fatalities 2005.  3 human cases in 2007 with one fatality. 1 human case in 2009.2014 – 3 human cases with 2 fatalities and 3 veterinary cases with 18 mosquito positives.



Presenter
Presentation Notes
This is a summary of all positive EEE locations and No new towns with detections added to this map in 2017.



Jamestown Canyon Virus 



Jamestown Canyon Virus 
Most commonly transmitted through the bite of 
an infected mosquito 

Aedes, Coquillettidia, Culex, and Culiseta 
mosquitoes 

Circulates primarily between deer and 
mosquitoes  

Presenter
Presentation Notes
bunyavirus



Incubation period is unknown 
Symptoms may include: fever, muscle aches, 
fatigue, dizziness, and headache 
Severe JCV: Encephalitis and meningitis 

Sudden high fever, severe headache, stiff neck, can 
be followed by seizures, coma 

Symptoms of JCV 



NH JCV Activity 2013-2017  
2013: 1 human case  

Co-infected with Powassan Virus 
2015: 1 human case 
2017: 3 human cases  

 
 



Prevention and Control 
Measures 



Personal Protective Measures: 
EPA Registered Repellents   

DEET 
Mosquitoes and Ticks 

 
Oil of Lemon Eucalyptus 

Mosquitoes and Ticks 
 

Picaridin 
Mosquitoes only! 

 
 

 
Permethrin  

Mosquitoes and Ticks 
Applied to clothing 
Permethrin 
impregnated clothing 

Source: CDC 

Presenter
Presentation Notes
Here is a list of EPA registered repellents, meaning that efficacy of the repellents has been validated by the EPA and proven to uphold manufacturers claims. Products containing DEET, oil of lemon eucalyptus and permethrin (which should only be applied to clothing) have been proven to protect against tick and mosquito bites.  Products containing picaridin have also been proven effective in preventing mosquito bites



Mosquito and Tick Repellent 

Always use according to the product label 
For information on EPA registered repellents and 
their active ingredients: 

 
https://www.epa.gov/insect-repellents/find-
insect-repellent-right-you 

Presenter
Presentation Notes
It is important to always use insect repellents according to the product label.  You can find more information on EPA registered repellents, including their active ingredients at the website listed on this slide.



EVERYONE should be doing/advocating for these 
Use an EPA registered repellent 
Stay on cleared trails and out of tall grass when 
possible 
Wear long pants, long sleeves, hat, closed-toe shoes 

Tuck shirts into pants and pants into socks 
Light colors may make ticks on clothing easier to spot 

Daily tick checks for you and your pets, remove 
promptly 
Shower after returning indoors 
Dry clothes in hot dryer 

Protect Yourself Against Tick Bites 

Presenter
Presentation Notes
It is recommended that everyone practice and advocate for preventative measures and actions to prevent tickborne diseases.  These actions include using an EPA registered repellent when spending time outdoors; staying on cleared trails when possible and avoiding tick-infested areas such as overgrown grass, brush, and leaf litter; wearing protective clothing such as long pants and long sleeves; doing daily tick checks on yourself, family members, and pets, especially after being outdoors (make sure you are removing any attached ticks as soon as possible); showering soon after returning indoors to wash or rinse off any unattached ticks; and drying your clothes in a hot dryer



Tick Habitat 

Connecticut Agricultural Experiment Station  

Ticks prefer sheltered, humid 
areas away from direct sunlight 

Tall grass 
Brush 
Leaf litter 

All make great tick habitat 

Presenter
Presentation Notes
Ticks thrive in humid, wooded areas.  They lie in leaf litter (especially the nymphs and larvae), waiting for hosts, or climb blades of grass to “quest”, which is when ticks hold out their first pair of legs, waiting to grab onto an animal or person walking by.  They use their senses to detect nearby vibrations, body heat and carbon dioxide, which tells them that an animal or person is close by.  It is important if you’re going to be spending time outdoors, to avoid walking through this habitat if possible and take appropriate precautions.



Create a “Tick-Safe Zone” 

Source: CDC 

Presenter
Presentation Notes
You can also take steps to modify your landscape by creating a tick-safe zone to reduce ticks in your yard.  This image shows various landscaping techniques that can be done to help reduce tick populations.  Some of these techniques include using rocks or wood chips to create a 3 foot barrier to separate tick zones from your lawn; keeping wood piles away from your home; keeping playsets, gardens, and patios within the tick safe zone; and planting deer resistant crops or installing an 8 foot fence to keep deer out of the yardIt’s also important to remove birdfeeders after the snow melts because ticks feeding on birds can drop off in your yard.Notes:Deer resistant plants/crops include: bleeding heart, lamb’s ear, lily-of-the-valley, snapdragons, Rose of Sharon, garlic, rhubarb



Connecticut 
Agricultural 
Experiment Station  

Presenter
Presentation Notes
Additional images showing what a yard looks like before a landscape intervention and after



Prevention Methods and Priorities 

Management of landscaping for schools and 
communal use areas 
Treatment and/or exclusion of deer 

An option, but requires extensive maintenance and 
other considerations 

Treatment and exclusion of mice 
Owner based decisions 

What about host elimination? 
Area wide acaricide treatment 

Presenter
Presentation Notes
Lastly, there are other prevention recommendations such as landscaping techniques for schools and community use areas. Many of the same methods that were mentioned in the previous slides that talked about residential landscaping modifications can be applied to these properties as well.  Treatment and/or exclusion of deer may be an option for communities, but it requires extensive maintenance and other considerations including high startup and maintenance costs. Exclusion of rodents is another prevention method, since they are a major host for nymph ticks, therefore it is advisable for home owners and property owners to ensure that their properties are rodent-proofed. Host elimination, such as the elimination of deer and rodents is not recommended due to NH Fish and Game’s investment in maintaining an appropriate deer density herd, and the negative consequences that can result from widespread use of rodenticides which can be poisonous.  Lastly, is an area wide acaricide treatment for chemical control, that can be applied by either a homeowner or a professional pest control company. However, there are advantages and disadvantages to using chemical treatment including other non-pest species being affected by the pesticide, although since they’re very effective against ticks, a one well timed application of pesticide per year can nearly eliminate the nymph ticks



Tick Removal 
Grasp tick’s mouth parts close 
to the skin with tweezers 
Pull the tick slowly upwards 
using a gentle, straight-up 
motion 
Cleanse your hands and the 
area around the tick 
Apply an antiseptic to the site 

Presenter
Presentation Notes
If you find a tick on you (or your family member), it’s important to remove the tick as soon as possible. Here are the steps for proper tick removal…Once the tick has been removed, you can dispose of it by either submersing it in alcohol, placing it in a sealed bag or container, wrapping in tape, or flushing it down the toilet



Tick Removal 

Do NOT: 
Twist or jerk the tick 
Squeeze the tick 
Rub petroleum jelly on the tick 
Pour kerosene or nail polish on the tick 
Use a hot match or cigarette 
Use dish soap 
Use peanut butter 

Presenter
Presentation Notes
When removing a tick, it is important not to….Doing so may increase your risk of infection or injuring yourself.  Additionally, Ticks in distress may empty their stomach contents, dumping organisms.  



No standing, stagnant 
containers of water 
Treat standing water 
Dump small containers  
and put away if possible 
Turn over wheelbarrows, 
kiddie pools, portable 
containers 
Clean gutters 
Change water in bird-
baths/fountains weekly 
Fold and store tarps 
Drill holes in tires 

Mosquito-proofing 
Don’t give mosquitoes a place to breed! 



Additional Information 
The CDC has more national surveillance information and disease 
specific information 

www.cdc.gov 
The State of New Hampshire Arboviral Illness Surveillance, 
Prevention and Response Plan can be found here: 

www.dhhs.nh.gov/dphs/cdcs/arboviral/documents/arboviralresponse.p
df 
This document has additional information about arboviruses, vectors, 
and control 
Updated annually 

The State of New Hampshire Tickborne Disease Prevention Plan 
https://www.dhhs.nh.gov/dphs/cdcs/lyme/documents/tbdpreventionpl
an.pdf  
 

http://www.cdc.gov/
http://www.dhhs.nh.gov/dphs/cdcs/arboviral/documents/arboviralresponse.pdf
http://www.dhhs.nh.gov/dphs/cdcs/arboviral/documents/arboviralresponse.pdf
https://www.dhhs.nh.gov/dphs/cdcs/lyme/documents/tbdpreventionplan.pdf
https://www.dhhs.nh.gov/dphs/cdcs/lyme/documents/tbdpreventionplan.pdf
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Helpful resources 
http://www.dhhs.nh.gov/dphs/cdcs/index.htm 
http://www.cdc.gov/ncezid/dvbd/ 
http://www.ct.gov/caes/site/default.asp 

 
Contact information: 

 carolyn.fredette@dhhs.nh.gov 
 (603) 271-0273 or 
 (603) 271-4496 
 
  

Questions? 
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