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ABSTRACT
The causative agents of zoonotic diseases are maintained in nature in an ongoing enzootic cycle between wildlife reservoirs and vectors. Over the past decade, zoonotic diseases in the U.S. have become a significant public health threat and a financial burden indicating that the current preventive measures against zoonotic diseases are not sufficient, therefore; further measures must be considered to reduce human risk. Recently, vaccines, acaricides, antibiotics, and contraceptives distributed in the landscape targeting wildlife reservoirs have been proven to be safe and effective in controlling rabies and Lyme disease in wildlife reservoirs. Furthermore, similar efforts are under research to control West Nile Virus in birds. This review is intended to explore the recent efforts to control the three major zoonotic diseases in the U.S., Rabies, Lyme disease and West Nile Virus, and present past, present and future reservoir-targeted strategies to control zoonotic diseases in the United States.
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1.0 INTRODUCTION

Nearly 75% of recently emerging infectious diseases affecting humans are diseases of animal origin, and almost 60% of all human pathogens are zoonotic [1]. In the United States, zoonotic diseases have become a major public health issue and a significant financial burden over the past decade. Preventive measures to control zoonotic diseases represent a collaborative effort between sectors responsible for public health, animal health, and environmental safety. The current efforts to control zoonotic diseases mostly rely on public education, pet vaccination, and vector control. While effective, theses preventive measures are insufficient, therefore; an additional strategy seems imperative to reduce public health risks from zoonoses. Although human prophylaxis and treatment for zoonotic diseases are effective in some cases, they are costly and often overprescribed.  Furthermore, human vaccines have no effect on preventing potential spread of zoonotic disease into new geographical locations.

Reservoir-targeted strategies, on the other hand, are designed to target main reservoirs of zoonoses in wildlife animals and break the enzonotic cycle of such disease. Furthermore, reservoir-targeted strategies halt potential spread of infectious diseases into new locations and spillover into newer species. 
Over the past 20 years, a growing interest in targeting wildlife reservoirs had led to the development of new strategies that could compliment the current preventive measures to control zoonotic diseases. Most of these strategies rely on the use oral baits that contain vaccines, antibiotics, acaricides or contraceptives that target specific pathogens in specific species. Furthermore, reservoir-targeted strategies have been considered more effective and practical than lethal control of wildlife reservoirs [2]. Since rabies, Lyme disease, and West Nile Virus represent the major zoonotic diseases in the U.S., reservoir-targeted strategies in the U.S. have focused primarily on developing medicinal baits that could be distributed in the landscape and reduce the population of infected reservoirs for such diseases. 
Oral rabies vaccination (ORV) programs represent the most well established reservoir-targeted strategies to control zoonotic diseases in the United States. Since the late 1990s, ORV programs have expanded from few states in the U.S. to cover 16 states in 2015. Reservoir-targeted strategies to control Lyme disease and West Nile Virus, on the other hand, are still in their early phase of research and development and do not rely primarily on oral vaccines.
2.0 RABIES

2.1 EPIDEMIOLOGY OF RABIES 

Human rabies is caused by lyssaviruses, usually as a result of an infected animal bite, and is associated with a high case fatality rate. However, rabies is 100% preventable when rabies post-exposure prophylaxis (PEP) is administered soon after exposure. Initial symptoms include fever, fatigue, and hydrophobia. Late complications range from neurological symptoms to death.

Globally, it is estimated that 50,000 to 70, 000 deaths per year are attributed to rabies infection. Because of an extensive surveillance system, pet vaccination programs, and PEPs in the U.S., human rabies is extremely rare, 2-3 cases per year, where most cases are due to overseas exposure. Although there has been a slight decline in the annual numbers of rabid animals reported to the Centers for Disease Control and Prevention (CDC), the current numbers being reported are still significant and represent a public health risk (Figure 1). This indicates that the virus is maintained in nature and the current preventive measures are insufficient in eliminating rabies in wildlife animals.
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Figure (1) CDC annual reports of rabid animals and human rabies in the U.S. (2010-2013)
           In the U.S., raccoons represent the most reported rabid animal (36.5%), followed by skunks (23.5%), bats (23.2%), and foxes (7%) [3]. Rabies variant’s geographical distribution is a key element in targeting reservoirs. Raccoon rabies variant exists in eastern United States, while the fox variant is confined in Texas, Arizona, and Alaska. Skunk rabies is distributed over a larger geographical area in central United States and California, which makes efforts to control skunks rabies challenging (figure 2).
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Figure (2) Map of terrestrial rabies reservoirs in the U.S  (adapted from CDC website)
PEP represents the last line of defense in preventing human rabies, and with more rabid animals being reported; more PEPs are being prescribed, especially during epizotics. Furthermore, PEPs are considered to be overprescribed and costly, therefore; represent a major financial burden on the public health sector. The annual costs of rabies PEPs are estimated to range from $25 million to $65 million per year.
As long as the rabies virus is maintained in wildlife animals, it will remain a threat to the public, therefore; reservoir-targeted strategies to control rabies represent the ultimate method to reduce human risks and lower financial burdens caused by rabies prophylaxis.
2.2 ORAL RABIES VACCINATION

Over the past 30 years, wildlife vaccination campaigns to control rabies have gained more acceptance by the public health sector, and proven to be more practical and cost effective than lethal control strategies [4]. The goal of wildlife vaccination is to generate herd immunity among wildlife animals in an effort to reduce the population of infected animals, halt the spread of infection to new geographical locations, and prevent spillover to other competent species. 

Efforts to develop an oral rabies vaccine for wildlife vaccinations began as early as in 1971, when researchers examined the effectiveness and safety of using a live attenuated virus vaccine in foxes [5]. Subsequently, researchers examined the feasibility of incorporating such vaccines into sausage baits to develop an edible vaccine for field distribution [6]. 

In 1978, researchers in Switzerland conducted the first field study using live attenuated rabies vaccines by catching and vaccinating red foxes [7]. Although the study was time consuming, laborious, and unsuccessful, the Switzerland rabies program is considered a milestone in the history of wide-scale vaccination of wildlife against rabies.

Following the Switzerland field study, researchers began to develop edible vaccines that could be deployed on a larger scale without having to catch, vaccinate, and release animals. However, live rabies vaccines were proven to be pathogenic to skunks [8] and ineffective in some raccoon species such as the Procyon lotor, most commonly found in North America [8]. Therefore, safety and efficacy concerns urged researchers to develop recombinant vaccines instead of live rabies vaccines.

 In 1986, Rupprecht et al. demonstrated the safety and efficacy of oral immunization of raccoons using a vaccinia-rabies glycoprotein (V-RG) recombinant virus vaccine [9]. In laboratory settings, the team demonstrated that the oral recombinant vaccine produced a long-term protection against rabies virus challenge tests, and they suggested that further field-testing could demonstrate the cost-benefits of wide-scale distribution of such vaccine.

During 1989-1990 in Belgium, Brocheir et al. conducted the first field study to evaluate the effectiveness of oral recombinant vaccines against rabies in foxes [10]. The vaccine used was a recombinant vaccinia virus expressing rabies glycoprotein (G), the same vaccine that is used in the U.S. today (RaboralTM ). The results from this study indicated complete eradication of rabies in southern Belgium after 2 years of vaccine distribution. 
Even though the concept of wildlife vaccination was introduced to the CDC during the 1960s, the first field trial in the U.S., using a recombinant vaccine, was carried out in 1990 on Parramore Island, Virginia, USA [11]. The raccoon population were exposed to a high density (10 baits/ha) of vaccine-laden baits distributed on a 300 ha vaccination area. The results reinforced safety data from previous laboratory studies and facilitated the licensing of V-RG, the only licensed oral vaccine for use in wildlife in the U.S. 
2.3 NATONAL RABIES MANAGEMANT PROGRAM

Commercial availability of an oral vaccine in the mid-1990s, and safety results from initial field trails had lead to more oral rabies vaccination initiatives by local health departments and universities to control the raccoon variant of rabies in Ohio, New York, Vermont, Maryland, Massachusetts, Florida, and Texas [12], however; resources were limited at that time mainly from the CDC. 

Wildlife Services initial involvement in (ORV) programs began in 1995 in south Texas to prevent canine rabies in coyotes. However, over the subsequent 2 years the WS became more involved with several other states. To ensure effectiveness and long term planning, the WS formed a multidisciplinary National Rabies Management Program in 1997. The program consisted of WS research personnel (National Wildlife Research Center), expertise from CDC, cooperating states, and universities. In 1998, WS’s national rabies management program (NRMP) received its first federal funds designated for rabies control [13, 14].

In 1999, three index cases of raccoon rabies were confirmed in Ontario, Canada [15], an issue that urged the WS to seek increased federal funding as well as additional funding from other resources such as the Commodity Credit Corporation (CCC) and the APHIS Contingency Fund to extend ORV zones and stop raccoon rabies from moving south into Ohio.

In 2000, the WS proposed the following; an expansion of vaccination zones along the Canadian border, an extension of the current Ohio vaccination zone south into West Virginia to tie the Appalachian Mountains and prevent raccoon variant form spreading west, and provide additional federal funding to assist Texas with its ORV gray fox project.

The ultimate goal of the ORV zone expansion was to create a barrier from lake Erie south to the high mountains of eastern Tennessee that will prevent raccoon-variant rabies from spreading westward, also known as the Appalachian Ridge project. Additionally, the national ORV program was set to include eastern Pennsylvania, where raccoon-variant rabies was considered enzootic, and for the first time to operate in a major U.S. metropolitan city, the city of Pittsburgh.

While the initial funds received by the WS for rabies control were estimated at 1.3 million dollars to cover New York, Ohio, Texas, and Vermont, the 2014 funds reached 28 million and the WS’s National Rabies Management Program is currently operating in 16 states (Fig 3). Although the costs of rabies control in the U.S. are variable, CDC estimates suggest that over 300 million dollars annually are spent on rabies control. These costs include pet vaccination, animal control, rabies laboratories maintenance, and medical costs. Furthermore, CDC estimates suggest that about 40,000 PEPs are administered annually in the U.S. resulting in over 150 million dollars spent on health care costs [16] [17]. Recent cost benefit studies by WS suggest that stopping the westward spread of raccoon rabies alone could reduce PEP costs by as much as $50 million dollars each year [17].
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Figure (3) States involved in the ORV national program, adapted from Wildlife Services
2.4 ORAL RABIES VACCINES

2.4.1 Raboral
SAG2 and VR-G vaccines are currently the only rabies vaccines that fulfill the World Health Organization’s requirements for anti-rabies guidelines. While SAG2, a live rabies vaccine, is used in countries other than the U.S., Raboral V-RG is the only licensed oral rabies vaccine for field distribution.  The vaccine, which is a recombinant vaccinia virus derived from the Copenhagen strain of vaccinia virus, expresses the genetic sequence of rabies glycoprotein (VVTGgRAB). The rabies glycoprotein (G) is an envelope protein, which is the major antigen responsible for eliciting humoral response [18]. Raboral V-RG is distributed in the form of a fishmeal sachet containing a vaccine and a tetracycline biomarker that is used to trace uptake.
2.4.2 Ontario Rabies Vaccine Bait (ORNAB)
Although skunks represent a major host for rabies virus in the U.S., the current efforts are mostly intended for raccoons, coyotes, and foxes. The National Rabies Management Program only uses Raboral V-RG, which although effective in raccoons, coyotes, and foxes, it has been proven to be ineffective in skunks [19]. ONRAB on the other hand, an oral live human adenovirus-rabies glycoprotein recombinant vaccine, which has been used extensively in Canada, is equally effective against rabies in raccoons and skunks.
In 2014, Brown et al. demonstrated that ONRAB is safe and effective in captive striped skunks (Mephitis mephitis). Furthermore, some studies suggest that ONRAB is even more effective than Raboral V-RG in controlling raccoon rabies [20].
The WS has recently conducted its first field trial using ONRAB in West Virginia to evaluate the safety and efficacy of ONRAB. Although the results affirmed safety of ONRAB, the results were inconclusive, which has led to second field trials in Vermont, New Hampshire, New York, and Ohio. To date, no current data have been published.
3. LYME DISEASE

3.1 EPIDEMIOLOGY OF LYME DISEASE IN THE U.S. 

Lyme disease is caused by Borrelia burgdorferi, a spirochete that is transmitted among rodents via ticks such as Ixodes scapularis. Humans are an accidental and dead end host, acquiring infection as a result of an infected tick bite. Since the identification of the causative agent of Lyme disease by W. Burgdorferi in 1982 [21], the number of Lyme disease cases has increased dramatically in the U.S., mostly in the northeastern states (Figures 4 and 5). In 1991, Lyme disease was listed as a nationally reportable disease by the CDC. Lyme disease represents more than 90% of the reportable vector-borne diseases and is the fifth most reportable diseases with approximately 30,000 confirmed cases per year [22]. However, the CDC recently updated its estimated yearly Lyme disease incidences to 300,000 probable cases to account for underreporting and misdiagnosis. 
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         Figure (4) Distribution of Lyme disease in the U.S, adapted from CDC website
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     Figure (5) Reported cases of Lyme disease in the U.S 1995-2013 (adapted from CDC website)
            Lyme disease commonly presents with fatigue and headache with or without a febrile illness. A characteristic sign is a skin rash referred to as erythema migrans. The most common demographic are male children. A history of a tick bite in an endemic area is highly significant during diagnosis. If untreated, Lyme disease could lead to serious complications involving the joints, heart, and central nervous system (facial palsy or cranial neuritis). On the other hand, Lyme disease could be successfully treated with the proper course of antibiotics soon after exposure.
            Human risk for acquiring B. burgdorferi infection in any given geographic location is directly proportional to the infected tick density [23, 24, 25]. Meanwhile, the current measures to control Lyme disease such as public education, tick avoidance, pest control, and implementation of surveillance systems have proven to be insufficient since Lyme disease incidences have dramatically increased over the past decade and spread into new geographical locations in the U.S. such as Minnesota, Pennsylvania, and Wisconsin [26]. Such data underscore the importance of reservoir-targeted stratigies to reduce human risk from Lyme disease. 
            Although human vaccines for Lyme disease have been developed, none are available for distribution today, mostly due to commercial reasons. Furthermore, a human vaccine would not reduce infected tick density in endemic areas, therefore; a human vaccine cannot stop the spread of B. burgdorferi into new geographic locations.

             In order to reduce the financial burden and human risk that Lyme disease poses, and to stop the spread of infected ticks and reservoirs into new geographical locations, reservoir-targeted strategies represent the ultimate strategy to break the enzootic cycle and reduce Lyme disease in the U.S..

Over the past decade, public health officials and researchers have explored new and effective strategies to quell the current rise in Lyme disease incidence in the U.S. The success of oral rabies vaccination campaigns have influenced researchers to approach Lyme disease using similar strategies, targeting the main reservoir through a wide comprehensive campaign.
In northeastern U.S., white-footed mice, Peromyscus leucopus, are considered the critical reservoir of B. burgdorferi [27, 28, 29], and other less significant hosts, such as deer, squirrels and raccoons are considered not competent [30]. Therefore white-footed mice have been the main targets for research and field studies to reduce infected tick density in the U.S..
3.2 ACARICIDES 
3.2.1 Four-poster delivery systems (Deer self treatment devices)

In Maryland, New Jersey, Connecticut, and New York [31-34] several field studies, supported by the CDC, examined the efficacy and feasibility of a passive topical treatment of white-tallied deer using an acaricide 2% (amitraz). Four-poster feeders, harboring acaricides, were used to attract white-tailed deer while topical amitraz was passively applied to deer. The results were promising as most studies presented data that suggest a dramatic reduction in tick population compared to control areas. However, all studies seemed to have insufficient data in terms of follow up.
3.2.2 Bait Box Study

Bait boxes have been used as a remote method of reservoir-targeted acaricide delivery to reduce tick infestation on white-footed mice. Such boxes contain an acaricide, fipronil, that has been proven to be effective in reducing tick infestation on white-footed mice and reduce B. burgdorferi [35].
Dolan et al. conducted a 3-yr community-based study on Mason's Island, Mystic, CT, to evaluate the effectiveness of fipronil bait boxes in controling immature Ixodes scapularis on Peromyscus leucopus. Results showed that bait boxes were effective in reducing nymphal and larval tick infestations on white-footed mice by 68 and 84%, respectively. The study also indicated that B. Burgdorferi infection among white-footed mice were decreased significantly [36].
In 2013, the Center for Disease Control and Prevention conducted a similar Bait Box study on a larger scale in Connecticut by collaborating with local health departments and universities. The aim of the study was to evaluate the effectives of rodent-targeted tick control using the commercially available SELECT TCS™ TICK CONTROL SYSTEM bait boxes. Two types of boxes were being used; bait boxes with an acaricide fipronil and placebo bait boxes. The bait boxes were randomly distributed to 500 households. No official results have been published yet, however; the study is expected to be concluded in 2015.
3.3 ANTIBIOTICS
The use of antibiotics to target wildlife reservoirs is a highly debatable issue, mostly due to resistance and efficacy concerns. However, in the laboratory setting Donlan et al. demonstrated 100% prevention in tick-transmitted infection among C3H/HeJ mice by feeding mice doxycycline hyclate baits. Furthermore, doxycycline baits were effective in achieving clearance of spirochete infection in infected mice [37]. Because of these promising laboratory results, the same group conducted a field trial in New Jersey using a novel reservoir-targeted method that involves the distribution of doxycycline-laden baits. The aim was to reproduce the laboratory results in a field setting. After 2 years, results indicated a reduction in B. burgdorferi infection rates in reservoir rodents by approximately 87% and a reduction in B. burgdorferi infection rates in ticks by approximately 94%.  
3.4 ORAL LYME DISEASE VACCINE 
Although there are no licensed reservoir-targeted vaccines for Lyme disease, there are several studies testing the efficacy and safety of reservoir-targeted Lyme disease vaccines. The goal of these studies is to develop oral vaccines that can be distributed remotely in Lyme endemic areas and generate herd immunity among reservoirs against B. burgdorferi.

Reservoir-targeted Lyme disease vaccines are under extensive research; these vaccines are based on B. burgdorferi outer surface antigen (OspA), which has been proven to be an efficient immunogen in eliciting immunity against B. burgdorferi [38, 39].
In laboratory setting, either vaccinia based or E. coli based vaccines expressing the OspA have been tested in mice to evaluate their efficacy in producing immunity. Results indicate that vaccines expressing OpsA could provide complete protection against B. burgdorferi infection in mice, and reduce carriage in infected ticks that fed on vaccinated mice [40, 41]. 

 Although laboratory results were promising, the use of vaccinia based vaccines has not been field tested due to safety concerns. In 1998, Tsao et al. carried out the first field trial in the U.S. using a recombinant B. burgdorferi OspA vaccine. The vaccine was administered to trapped mice, which were evaluated two years later to test the efficacy of OspA vaccines in providing immunity in white-footed mice, and whether or not OspA vaccines can reduce B. burgdorferi infection in ticks. The results indicated that immunizing whited-footed with OspA vaccines reduced B. burgdorferi infection among nymphal ticks by approximately 24% [42]. 
Direct vaccination of reservoirs remains impractical, especially for large-scale vaccination campaigns. Oral baits, on the other hand, serve as a better alternative for mass distribution and achieving a wider range of Lyme disease control. To overcome such limitations, an OspA-based, oral vaccines have been developed and field-tested over the last 5 years. To test the hypothesis that transmission of B. burgdorferi to humans can be disrupted by targeting 2 key elements in its enzootic cycle: the reservoir host and the tick vector, Richer et al. conducted a prospective 5-year field trial in New York, using an oral reservoir-targeted bait. The bait consisted of an E.coli expressing OspA, water, and an oatmeal bait. Their results showed an OpsA specific seropositivity, which has lead to a significant reduction in nypmphal infection prevalence [43].
4.0 WEST NILE VIRUS
4.1 EPIDEMIOLOGY OF WEST NILE VIRUS IN THE U.S.
West Nile virus (WNV) is an arbovirus that belongs to the family Flaviviridae. Like all arboviruses, WNV cause fever, headaches and malaise. If untreated, the virus can lead to neurological complications (neuro-invasive disease) 
             The virus is maintained in nature by mosquito-bird-mosquito transmission. There are more than 60 mosquito species and 350 bird species that have been identified as vectors and competent hosts respectively for WNV. Horses and humans are considered accidental and dead end hosts.

             The virus first appeared in the U.S in 1999 in New York City [44] and spread to the East coast in 2003 [45, 46]. In 2014, WNV cases have been reported to the CDC by 47 states and the District of Columbia. Currently, WNV infections are the most arboviral diseases reported to CDC and the main causes of neuroinvasive arboviral disease in the U.S. [47, 48]. Although the number of WNV cases has declined slightly over the last three years, more than 2100 cases and 80 deaths occurred annually since 2012 (Figure 5). Such data highlight the importance of reservoir-targeted strategies to control WNV in the U.S.
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  Figure (6) West Nile Virus cases and deaths reported to CDC (2010-2014)

4.2 WEST NILE VIRUS RESERVIOR TARGETED VACCINES  
A human or horse vaccine would limit the number of West Nile Virus infection in humans and horses only since they are dead end hosts. In other words, horse or human vaccines cannot control WNV cycle in nature. A reservoir-targeted strategy, on the other hand, could reduce the amount of infected reservoirs and reduce human risk. Birds are the main reservoir for WNV, and are also considered an amplifying reservoir. There are no evidences that animals other than birds can develop enough virus load to transmit infection to mosquitos.

Even though birds are considered the main reservoir in maintaining the life cycle of WNV, to date there is no WNV vaccine approved for avian use. Currently, there are few studies evaluating the efficacy of vaccines approved for horses in birds, however; these efforts are intended to protect certain species from extinction, not to control the risk of human infection with WNV.

Wheeler et al. evaluated the efficacy of several vaccines in Western Scrub-Jays (Aphelocoma californica). They used the commercially available WNV vaccine for horses West Nile-Innovator (killed virus), an experimental DNA plasmid vaccine pCBWN, and a recombinant WNV vaccine Merial Recombitek WNV equine vaccine, which has been recently approved by USDA for horse use. Overall, results suggested a significant reduction in viremia in vaccinated birds following a WNV challenge [49]
To date, the only laboratory study that has been conducted to test the efficacy of WNV vaccine in birds to protect extinction and consider the possible effect on human risk was carried out by Young et al (50). They tested a recombinant WNV vaccine consisting of a non-replicating recombinant adenoviruse expressing WNV envelope genes in Japanese Quail (Coturnix japonica). Results suggested that vaccination of Japanese quail increased humoral and cellular immune responses against WNV, and vaccination of birds may protect against extinction of an endangered avian species and minimizes the amount of reservoirs that pose a threat to humans.

Such strategies will not only reduce the risk of WNV infections among humans, but will enhance our preparedness for all vector-born pathogens.
5.0 DISSCUSION  

Reservoir-targeted strategies to control zoonotic diseases in the U.S. are expensive, however; they have been considered an effective strategy to stop spread of infected reservoirs into new locations, reduce human risk, and reduce costs for treatments and prophylaxis.

For example, because of the national ORV program a potential westward spread of raccoon rabies from eastern states was prevented, grey fox rabies is only reported in west central Texas, and no rabid coyotes have been reported since 2004 [51]. Furthermore, most economic assessments and modeling studies indicate that ORV programs can yield cost savings mostly as a result of fewer PEPs during epizotics  [52, 53, 54]. A recent benefit-cost analysis of the results of the domestic dog and coyote oral rabies vaccine (ORV) program in Texas from 1995 through 2006 was carried out to determine potential savings (avoided costs) yielded by the program. Data indicate that the total estimated benefits of the program ranged from $89 million to $346 million, with total program costs of $26,358,221 for the study period [55].
To date, data for cost benefits of reservoir-targeted strategies to control Lyme disease or WNV infection are unavailable, partly because such strategies are still in their trial phase. However, the CDC is currently conducting a Cost of Lyme Disease study (COLD study) to estimate the cost of Lyme disease and is expected to be concluded in 2016. 

6.0 FUTURE RESEARCH 
6. 1 GonaCon
The National Wildlife Research Center has been investigating the use of contraceptives similar to GonaCon as means for wildlife population control. Currently, efforts are intended to develop an oral contraceptive that could help control wildlife reservoirs of zoonotic diseases. GonaCon is registered with the Environmental Protection Agency (EPA) for restricted use in white-tailed deer in urban/suburban areas and is considered to have no significant ecological impact since it is only licensed for parental administration (56). An oral GonaCon would have to be designed to be target specific because of the potential ecological effects on non-target species.
6.2 Bait Distribution.

Most baits that have been used in ORV are distributed aerially. Such methods of distribution are not suitable in suburban areas and could be replaced with less costly and more effective methods. In 2015, Smyser et al. developed an automated fishmeal bait dispensers designed to target raccoon’s dexterity and limit non-target species. The team monitored dispensers placed in three different forest patches in northwest Indiana. Results showed that more than 70% of the baits were removed by raccoons, and 11% were removed by white-footed mice (52). These results favor the use of automated dispensers in suburban areas rather than aerial distribution. Furthermore, dispensers could be modified and used to distribute Lyme disease vaccines to target white-footed mice. Telford et al. have investigated another method for bait distribution. They concluded that wooden nest boxes could effectively deliver peanut butter scented baits to white-footed mice as a mean for an oral Lyme disease vaccine (57)
7.0 SUMMARY
In conclusion, zoonotic diseases are a significant public health and a financial burden in the U.S. The current preventive measures to control zoonotic diseases are not sufficient and reservoir-targeted strategies represent an additional effective mean to control zoonotic disease and reduce human risk. 

Although effective and cost beneficial, reservoir-targeted strategies require further research and improvement. For example, ORV programs should consider adding another type of vaccines such as ORNAB to target skunks or add contraceptives to their campaigns to further reduce human risk. ORV programs should also consider incorporating Lyme disease vaccines or acaricides baits into their programs that operates in areas where both diseases poses public health risks. Nest boxes can be used for ORV and Lyme disease vaccines in suburban areas where aerial distribution is not feasible. Additionally, Reservoir-targeted strategies to control Lyme disease should consider other important hosts such as chipmunks, squirrels, and birds. Furthermore, Lyme disease vaccines would be more effective if they include outer surface antigens other than OspA such as OspC to cover a wider range of B. burgdorferi serotypes. Although WNV incidences do not represent a significant threat to the public as rabies and Lyme disease do, establishing a well-developed WNV vaccination programs for birds could become useful in controlling other arboviruses diseases. The infrastructure of reservoir-targeted strategies could involve more than one type of baits and provide an effective platform to control major zoonotic diseases in the U.S 
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