Zoonotic Disease Incidence and Risk Assessment of Bat Populations in Grand Teton National Park, Wyoming

Abstract:
Buildings and structures within the Grand Teton National Park, Wyoming provide homes several species of bats, as was determined by previous research performed by park personnel.  As these bats reside in buildings that are occupied by park employees, there is a principle question that must be answered; what are the incidence, prevalence, and types of potential zoonotic pathogens carried by these bat species?  This study centers around the detection of three zoonotic viruses, Vesicular Stomatitis (Rhabdavirus), Western Equine Encephalitis (Arbovirus) and Rabies.  Presence of the viruses will be detected through serum sampling in conjunction with guano (fecal) samples to evaluate the presence of possible zoonotic intestinal parasites.  In addition to the human concerns associated with disease transmission, overall evaluation of bat health will be assessed.  Identification of these potential viral threats will provide information regarding public, wildlife, and livestock health in this region of North America.  Information derived from this study will help provide awareness of as well as estimate the risks these bats may present to the park staff occupying buildings throughout the park. 

Justification and Scope:

Grand Teton National Park Senior Biologist, Steven Cain, helped to develop this study as a summer veterinary student project.  Park Naturalist Tom Haradeen, through previous research, identified a substantial population of bats from multiple species residing in many of the buildings of Grand Teton National Park, Wyoming, including abandon structures, offices and living quarters.  Following this study, park personnel have identified important information needs concerning the bat populations, including: 

1. An estimate of the number of bats residing in park structures

2. The presence and/or frequency of zoonotic pathogens carried by bats in Grand Teton National Park, and

3. An assessment of the risk bats present to the park staff and wildlife.

A survey of the park structures, capturing a sample population of bats and collecting blood samples for evaluation of zoonotic viral pathogens, Vesicular Stomatitis, Western Equine Encephalitis and Rabies, and guano samples for evaluation of parasites, will help assess these issues.  The information provided through this study will assist the Grand Teton National Park staff in better understanding the potential dangers bats may present to the human, wildlife and livestock populations in and around the park. 

Background/Significance:
Public sentiment concerning bats in the United States has too often been one of fear and avoidance.  The representation of bats as horrific creatures have expounded these feelings, and resulted in further trepidation concerning these animals.  Paramount in the public’s opinion of bats is the depiction of bats through the media as extremely dangerous, disease-infested animals.  This belief has often prompted unfounded apprehension, resulting in frequent mistreatment or destruction of localized bat populations.  An awareness of the diseases potentially transmitted from bats to other species, human and non-human, may reduce the public hysteria commonly associated with bats.  Knowledge of the actual risks will provide information that will hopefully support the conservation effort for bat populations.

Previous studies on the bat population of Grand Teton National Park have established which bat species are present and their general location within the park. As the potential public health risk that bats pose to humans is unknown, we will evaluate the presence of several important zoonotic viruses, including Vesicular Stomatitis, Western Equine Encephalitis and Rabies.  

We expect that bats of Grand Teton National Park are potential carriers of three viruses that are of particular interest to the domain of public health.
  These viruses are Vesicular Stomatitis (VS), Western Equine Encephalitis (WEE), and Rabies Virus (RV). Previous studies have shown bats can carry each of these viruses.
,
,
  This study will seek to establish the prevalence of VS and WEE in blood serum samples and the prevalence of parasites in roost fecal samples collected from a subsample of the park bat population.  

Vesicular Stomatitis (VS) is a Rhodaviral disease that has been shown to be carried by bats, possibly acquired from biting insects, most likely from sand flies.ii,
  VS typically affects cattle, horses, and pigs with occasional infection seen in sheep and goats.
  VS has also been shown to clinically affect human primates.ii  Outbreaks of VS have been reported in several North American regions, including Wyoming.
  In affected animals, excessive salivation is often seen, followed by fever and lesion formation in the mouth.  Occasionally, lesions may develop on the feet of horses and cattle or on the teats of dairy cows, leading to mastitis.  Pigs frequently present with foot lesions causing lameness.vi,vii  In humans, VS infection has resulted in flu-like symptoms.  Although it is clear that bats are potential carriers for VS, the effects of the virus on their health is poorly understood.ii   

Western Equine Encephalitis (WEE) is an Arboviral disease that affects both horses and humans, and can be fatal to both species.ii,v  WEE is predominantly found in the Western United States and Canada and is normally transmitted via mosquito vectors.v  Insects receive the virus though ingestion of a blood meal from infected birds or bats.  Post-infection, the virus invades the brain and spinal cord; symptoms may range from mild illness to weakness, fever, even death.v  Horses recovering from WEE often exhibit altered disposition due to virally induced brain damage. Due to geographical location of Grand Teton National Park, Western Equine Encephalitis is a potential concern.

Rabies is an acute viral encephalomyelitis that principally affects insectivorous bats and carnivores, although all mammals, including humans, are susceptible to the disease.vi  The disease is fatal to all untreated, infected animals, causing inflammation of the brain and spinal cord.  Infection causes pain and numbness at the site of infection.  Eating and drinking stimulates muscle spasms of the throat, resulting in salivary accumulation in the buccal cavity.  Convulsions and death ensue generally within ten days of infection. iv,
  Although bats are known carriers and susceptible species, the prevalence of rabies in Grand Teton National Park may be very low, as the prevalence of rabies in general is relatively low.  According to Bat Conservation International, bat transmission of rabies has been statistically shown to account for only one human death per year in the United States.  

Methods:
Field data collection will be conducted by a Tufts University veterinary student, with mentoring and assistance provided by the principle investigator.  There are four study goals for the student to focus on:

1. Identification of structures containing bat populations from previous research and through a current canvassing of park employees

2. Bat capture and species identification

3. Blood and guano sampling for viral pathogens and parasites, and

4. Evaluation of samples collected through diagnostic laboratory analysis and microscopic inspection by the veterinary student under the supervision of Dr. Colin Gillin.

Bats will be captured from buildings located in Grand Teton National Park by searching attics of the buildings for bat roosts during daylight hours.
  Previous unpublished research has mapped and documented many of the roosts located within the park.  Current park employees will be utilized via email and other media contact for identification of other possible bat roost locations.

Roosting bats are least active in late morning hours, leaving this to be primary collection time.
 Under these conditions, capture can be performed with the aid of long tissue forceps.x  A hand held net may also be utilized if tissue forceps prove unsuitable in certain situations.  The study will be conducted in a manner to minimize stress to the animal.  Only suitable, healthy adult bats will be used for blood sampling, as others (pregnant females and juveniles) will be released immediately; sick and dead bats will be submitted for Rabies evaluation.  Bats will be placed in an isoflurane induction chamber, evaluated for overall condition and health, sampled, allowed to fully recover, then released, as soon as possible.  Doctors Colin Gillin and Brian Miller as well as the senior park biologist, Steven Cain, will supervise capture and sampling of bats, which will be conducted in a manner to minimize stress on the animal.  The study anticipates 100 to 400 bats will be sampled from selected roost sites throughout the park; each roost site population will be counted.  This information will offer an estimate of the number of bats located in park buildings.  

Blood samples will be drawn from one of three locations: the cranial vena cava, the cardiac vein located in the propatagium (wings), or the vein of the interfemoral membrane (between the leg and the tail).  Venipuncture will be performed with a 25-guage needle and three capillary tubes will be filled, sealed and refrigerated.  

Samples will be shipped via overnight express mail to a diagnostic laboratory to determine the presence of Vesicular Stomatitis or Western Equine Encephalitis.  VS will be evaluated by the Wyoming State Veterinary Laboratory, where serum neutralization, complement fixation, C-ELISA tests will be employed.  WEE samples will be sent to the Center for Disease Control diagnostic laboratory in Fort Collins, Colorado and evaluated using plaque reduction neutralization tests.  Blood smears on glass slides will be made for the evaluation of blood parasites.  Sick or dead bats will be sent to the Wyoming State Health Laboratory in Laramie, Wyoming for evaluation of Rabies virus.  Guano samples will be evaluated from each site by direct smear and fecal flotation.  These samples will be screened for the presence of adult parasites and their eggs; parasites in fecal samples have not been documented previously in the intermountain region.  

A final report will be presented to the park staff as part of the research station agreement.  We also plan to submit results to the Journal of Wildlife Diseases and present our findings during their annual conference.  Final conclusions will contain an accounting of structures sampled, number of species of bats included in the sample, incidence of Vesicular Stomatitis, Western Equine Encephalitis, Rabies and parasites observed in the sampled bat populations, and an assessment of risk to humans using park buildings inhabited by bats.

Safety equipment, including eye shields, facemasks, respirator, disposable isolation clothing, etc. will be provided by Grand Teton National Park.  Research and collecting permits for Grand Teton National Park will be submitted by the co-investigators (Cain and Gillin) and access to park buildings will be arranged through Steven Cain.  
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