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Vaccinating the Mucosal Surfaces of Commercially Important Fish Species 

1. Why: The vaccination of fish is well established for many aquaculture, ornamental and endangered species1 

that are raised under controlled conditions. Typically, these animals are vaccinated either by injection of the 

vaccine into the peritoneal cavity (IP), directly into muscle tissue (IM) or by dipping the fish in a solution of the 

vaccine. The first two methods tend to give a very high antibody response in the serum, which can lead to long-

term protection (often for the life of the animal) of the vaccinated fish1-3. Dip vaccination, on the other hand, 

tends to give a short-term, low-level antibody response in the serum and a higher response at the mucosal surfaces. 

However, protection through this method typically lasts less than a year and often requires regular boosters. This 

is unfortunate, as many pathogens and parasites invade the host via the skin and other mucosal surfaces, such as 

the mouth or intestine4-11. Lacking an effective method to trigger a long-term immune response in the skin and 

mucosa make it particularly hard to develop vaccines against bacterial and viral pathogens, as well as 

ectoparasites that infect the skin and mucosal membranes. Developing an effective method to deliver vaccines to 

the epidermal surface of fish would revolutionize disease control in all commercial fish species.  It will be more 

effective against diseases like white spot (Ichthyophthirius multifilis & Cryptocaryon irritans), sea lice 

(Lepeophtheirus salmonis) vibriosis (including Vibrio anguillarum and Vibrio ordalii) and collumnaris 

(Flavobacterium columnare), all of which utilize the skin as a primary infection site. 

This mini grant is a proof of concept project that will revolutionize the delivery of vaccines to the skin of fish 

and improve the performance of vaccines against diseases that enter the fish through their mucosal membrane. 

The proposed type of vaccination has the potential to significantly reduce a farmer’s expenditures on anti-

microbial medication and loss of biomass to disease. The end result of this project is an accessible vaccine high 

pressure spray delivery system that aquaculturists can use to vaccinate their stock swiftly and efficiently. 

2. What: Objective 1, Develop a mucosa vaccination system for fish using a model species (Zebrafish Danio 

rerio (F. Hamilton, 1822)) 

Objective 2 Optimize the delivery of mucosal vaccine to fish either by dermal injectors or hypoinjectors, 

Objective 3 Assess the mucosal and serosal immune responses in these fish,  

Objective 4 Evaluate another fish species’ immune response using this method (a “typical” salmonid; e.g. 

Atlantic salmon, Salmo salar L with a view to developing a future proposal that is relevant to the marine Salmonid 

industry of New Hampshire (king rainbow trout and Atlantic salmon in Maine), where sea lice and Vibrio 

infections remain problematic.  

3. Where: This project will impact the Gulf of Maine nearshore and onshore salmonid industry in New 

Hampshire and Maine, as well as the emerging eel aquaculture industry in Maine. It will also benefit (hybrid) 

striped bass aquaculture, especially in regard to the dermal mycobacteriosis disease issues that the bass industry 

has. Additionally, it will benefit rainbow trout aquaculture in the NRAC region with pathogens like white spot 

and strawberry disease. Out of the NRAC region these novel vaccines will have a benefit in preventing 

ectoparasite infections (especially sea lice and white spot), winter ulcer (Vibrio ordalii) and one of the biggest 

diseases in catfish aquaculture; Flavobacterium columnare.  

4. Who: Dr. Ian Bricknell will coordinate and monitor the activities and progress of the overall project. He will 

ensure communication among researchers and participants, fiscal 

oversight, and reporting to NRAC. Mr. Joshua Cook will oversee the day 

to day experimental activities, sample collection and processing. Dr. 

Bricknell and Mr. Cook will jointly be responsible for experimental design, 

data collection, and analysis. As part of this project, Mr. Bartlett will 

produce an up to date pamphlet on fish vaccination, using his experience 

in outreach and education.  

5. How? 

Most infections enter fish through the mucosal surfaces, which are far more 

exposed to the environment than the mucosal surfaces of mammals because 

the skin of a fish is considered to be a mucosal surface12,13. Traditionally, 
Intradermal, subcutaneonus and intramuscular 

(IM) vaccination (www.WHO.org)                    

Figure 1 

http://www.who.org/
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the skin of fish has been vaccinated by the use of short epidermal needles that are angled to deliver the vaccine 

intradermally (into the skin; Figure 1). This method requires highly skilled personnel as it is very easy to go too 

deep and deliver a subcutaneous or intramuscular vaccine. In the latter case, the mucosal immune system would 

be sub-optimally vaccinated if at all and offer no more protection to the mucosal surfaces than traditional 

methods. Due to this error, the major immune response against the antigens would occur in the blood and internal 

tissues and not protect the susceptible animal against the early stages of the infection at the mucosal surfaces1. 

An improved method for vaccinating the mucosal surface of fish that is both effective and easy to perform is 

urgently needed.  

Earlier work has shown that major components of the immune system are present in the skin of fish, such as 

dendritic macrophages14,15 and a unique secreted immunoglobulin (IgT, the T standing for Teleost16-20). Unlike 

the IgM response induced by IP or IM vaccination, IgT has evolved to be secreted out of the tissues onto the 

mucosal surface and into breaches of the skin15,17,19,20. It can be considered to be homologous with IgA in higher 

vertebrates. IgT is dimeric and has a much lower molecular weight than IgM as well as possessing a “S” domain 

that permits excretion into mucus. Here the IgT functions as a first line of defense for the host by neutralizing the 

agressins produced by the parasite or pathogen, which permit adhesion and penetration into the host (Fig 2). 

Immune responses are highly conserved between species and the activation of zebrafish immune genes in this 

model will be investigated in salmonids to demonstrate the vaccine works in a similar way in both species. 

Unfortunately, vaccination and the subsequent immune responses in fish mucosa is not well studied1,21,22. 

Improving the understanding of the role that the mucosal surface plays in defending the fish against infections 

will be key to developing a new generation of vaccines. These vaccines will be at the forefront of preventing 

bacterial and parasitic diseases that impact or encounter the mucosal layer (Figure 2).  

There is evidence that simply immersing a fish in a solution of vaccine will produce an immune response in the 

skin 16,18, though the immune response’s duration and magnitude is highly variable. Some vaccines provide up to 

9 months protection, while others last for just a few weeks3,21. Vaccinations into the skin of fish have also given 

Figure 2, Schematic of a bacterial pathogen invading the epidermis of a fish. Left hand side of the figure represents the role of 

IgT on preventing the infection becoming established and the right-hand side what happens during a successful pathogen 

invasion. 
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inconsistent results3,16,21,22. One reason for these 

results is the difficulty of actually immunizing the 

mucosal surface. The current method of delivery 

can unintentionally penetrate through the mucosal 

surface and deliver the vaccine to the underlying 

muscle tissue, which fails to vaccinate the 

mucosal immune system. This is partly due to the 

equipment available (such as dermal injectors and 

hypoinjectors23). These injection systems are 

designed for mammalian structures, and as such 

they either penetrate through the skin of the fish 

or are so powerful they blast the vaccine into the 

underlying structures, causing tissue damage24. It is proposed that in a follow up application to NRAC, or another 

USDA Aquaculture call, that the information gathered from this pilot study will be used for aquaculture diseases 

that are regionally important, an example being Moritella viscosa, a major pathogen of marine salmonids. 

One structure that hasn’t been considered as a target tissue for vaccination is the epidermal tissue of a fish’s fin. 

The fin tissue of almost all teleost fish consists of a series of rays with epithelial tissue strung between. This 

structure is over 80% epithelial tissue and offers an excellent target for mucosal vaccination (Figure 3). Therefore, 

the fin is the target tissue proposed to be used in the model species for this project. The model fish (zebrafish) 

can be used as a proxy for salmonids in the development of mucosal vaccines for aquaculture. Using zebrafish 

offers several advantages over other fish. Not only are zebrafish inexpensive and small, they also have an 

extensive molecular toolkit available to investigate the immune response. This part of the project will investigate 

the mucosal immune response in the fins of teleost fish, with an overall aim of developing more appropriate 

vaccines for mucosal surfaces, by using a jet injector to deliver a vaccine concoction designed to upregulate IgT 

at the appropriate pressure to eliminate the possibility of overpenetration. This will in turn more effectively 

protect fish against pathogens which enter across the mucosal surface. By introducing fluorescence into target 

areas of a zebrafish, as well as using real-time PCR and in-situ hybridization, this aspect of the project will look 

at the antigen presentation within the skin of fish, as well as how IgT responses are developed in the mucosa. It 

will also show how novel adjuvants can help improve this immune response.  

As this is the first immunoglobulin to encounter any potential pathogens or parasites that enter through the 

mucosal layer, achieving an immunity against these disease-causing agents by using IgT is the most efficient and 

logical thing is to do. An effective vaccine developed using these principals has the potential to prevent sub-

clinical disease. This can be of significant benefit to aquaculture by preventing small lesions from developing 

that may degrade carcass value or cause mortality. Additionally, it can be a benefit to aquaculture by vaccinating 

against diseases that are specific to the mucosa, thus opening up a new class of vaccines.  

6. When: Project milestones and timelines are presented in the following table: 
 

Work Plan 

Year 1 

Quarter 

Year Quarter 1 2 3 4 

Obj. 1: Develop a mucosa vaccination system using a model 

species 

    

Obj. 2: Optimize the delivery of mucosal vaccines 

 

    

Obj.3: Assess the mucosal and serosal immune responses 

 

   

Obj.4: Evaluate another fish species’ immune response to 

epidermal vaccination 

    

Final Report 

 

    

 

Figure 3. LS fish fin. Epithelia tissue is labelled A, a Fin ray is 

labeled at B. The idea vaccine delivery site is between a and b  

(www.researchgate.net/publication/280077131_The_origin_of_a_

new_fin_skeleton_through_tinkering/figures?lo=1 ) 

B 

A Scale bar 5mm 
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  7. Budget Summary; Not required 

 

  

NRAC PROPOSAL BUDGET JUSTIFICATION 

Vaccinating the mucosal surfaces of commercially important fish species 

 
University of Maine 
 

SALARY AND WAGES: $5,000 

PD: I Bricknell has a 9-month faculty appointment at the University of Maine, School of Marine Sciences, and 

Aquaculture Research Institute. Dr. Bricknell is requesting funds for approximately two days of summer salary 

($1,000) for his oversight and report writing for this project. 

 

PI: Chris Bartlett has a 12-month appointment at the University of Maine, Sea Grant. It is anticipated 

that his will co-ordinate the production of an information pamphlet on mucosa vaccination for distribution at the 

Northeast Aquaculture Conference and Expo (NACE) in January 2022. No salary is requested. 

 

Named Graduate Research Associate: Mr. Joshua Cook is a 24-month funded MAFES (USDA) Research 

assistant graduate student and will work with the PI’s on carrying out the experiment protocols, fish husbandry 

and Data collection and analysis. No salary is requested. 

 

Undergraduate Student Research Assistant: The undergraduate research assistant is a 12-month 25% (10 

hours per week) appointment. The appointee will work closely with the PIs and will be responsible for 

aquarium maintenance and assisting the PI’s in experiments. The undergraduate(s) will be paid $12/hr. for 

approximately 334 hours of time on the project ($4,000).   

 

FRINGE BENIFITS: $80 

Fringe benefits for the project are 8% for faculty summer salary. These rates are based on the University of 

Maine’s current federal rate agreement. 

 

MATERIAL/SUPPLIES: $10,584 

Expendable supplies for RT PCR and In-situ hybridization, $5,084: Fish and fish feed $3,061, heparin, syringes, 

needles, scalpels, microfuge and centrifuge tubes, pipette tips, pipets, freezer sample storage boxes etc. $2,439 

 

TRAVEL: $2,430 

Instate: $429 mileage Travel to allow Mr. Bartlett to attend project update meetings quarterly (4 round trips of 

244 milers @ .44 cents per mile) 

Out of State: $2,000 One interstate trip is planned to allow the Mr. Bartlett and Mr. Cook to attend and present 

the research findings at NACE 2022. Funds requested are for hotel, Car mileage ($432), per diem, Hotel costs 

(av. cost/room $150 for 4 nights 1,200), travel, and meals $46 per diem for 4 days ($368).  

 

INDIRECT COST: $0 

The University of Maine’s federally negotiated indirect cost rate is 46% MTDC.  No indirect cost has been 

charged to this project per sponsor guidelines. 

 

TOTAL AMOUNT OF THIS REQUEST: $18,094 

 

 

8. Budget Justification 
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Ian Robert Bricknell, BSc, PhD, AIMLS, FRES. 

Libra Professor of Aquaculture Biology 
Business Address: Aquaculture Institute, School of Marine Science, U of ME, 5735 Hitchner Hall, Orono, ME 

04469tel (207) 356 4119/581 4380; ORCID ID 0000-0001-6042-7143; e-mail: ian.bricknell@umit.maine.edu 

Educational History  
1986-1989 University of Lancaster PhD Supervised by Prof. W.T.W. Potts awarded August 1990.  

1983-1986 University of Reading B.Sc. (First Class Honors) Pure Zoology & Geology  

Employment History  

September 2007 to date Libra Professor of Aquaculture Biology School of Marine Sciences 

September 2007-Nov 2013 Director of the Aquaculture Institute, School of Marine Science, University of Maine,  

2000-Aug 2007 Fisheries Research Services (FRS) Marine Laboratory, Aberdeen (the FRS Marine Laboratory is 

an executive agency of the Scottish Executive), Principal Scientist, Aquaculture & Aquatic Animal Health. 

1992-2000 Fisheries Research Services (FRS) Marine Laboratory, Aberdeen (the FRS Marine Laboratory is an 

agency of the Scottish Executive), Senior Scientist, Aquaculture & Aquatic Animal Health.  

ICES Responsibilities  
2005 Chair ICES Mariculture Committee (Term of Office 1 January 2006-31 December 2010)  

ICES Science Advisory Committee Member 2007-2010, Member of the ICES Marine Fish Culture Working 

group 1999-2003 

Membership of Professional and Academic Bodies.  
Fellow of the Royal Entomological Society (by invitation), Associate of the Institute of Medical Laboratory 

Sciences, Member of the European Association of Fish Pathologists, Member of the Paleontology Association.  

Membership of other organizations.  

Scientific Committee Sea Lice 2021, Faeroe’s Islands September 2021, Scientific Committee The 14th ICOC, 

Kruger National Park, South Africa June 2021, AHJWG committee 1999-to date 

Publications: Currently 133 peer reviewed papers & 3 Books (selected references follow) 

iesz, J. L., S. E. Barker, and I. R. Bricknell. 2020. Anti-chemotactic activity in the secretory/excretory products 

of Lepeophtheirus salmonis. Fish & Shellfish Immunology 98:296-300. 

Magnadottir B, Bragason BT, Bricknell IR, Bowden T, Nicholas AP, Hristova M, et al. Peptidylarginine 

deiminase and deiminated proteins are detected throughout early halibut ontogeny - Complement components C3 

and C4 are post-translationally deiminated in halibut (Hippoglossus hippoglossus L.). Developmental and 

Comparative Immunology. 2019;92:1-19. doi: 10.1016/j.dci.2018.10.016.  

Barker SE, Bricknell IR, Covello J, Purcell S, Fast MD, Wolters W, et al. Sea lice, Lepeophtheirus salmonis 

(Kroyer 1837), infected Atlantic salmon (Salmo salar L.) are more susceptible to infectious salmon anemia virus. 

Plos One. 2019;14(1). doi: 10.1371/journal.pone.0209178. PubMed PMID: WOS:000455813300009. 

Bowden TJ, Bricknell IR, Preziosi BM. Comparative pathogenicity of Vibrio spp., Photobacterium damselae 

ssp damselae and five isolates of Aeromonas salmonicida ssp achromogenes in juvenile Atlantic halibut 

(Hippoglossus hippoglossus). Journal of Fish Diseases. 2018;41(1):79-86.  

Bowden TJ, Bricknell IR. Management of finfish and shellfish larval health in aquaculture hatcheries. In: Allan 

G, Burnell G, editors. Advances in Aquaculture Hatchery Technology. Woodhead Publishing in Food Science 

Technology and Nutrition2013. p. 223-45. 

McCarthy UM, Bron JE, Brown L, Pourahmad F, Bricknell IR, Thompson KD, et al. Survival and replication 

of Piscirickettsia salmonis in rainbow trout head kidney macrophages. Fish Shellfish Immunol. 2008;25(5):477-

84. doi: 10.1016/j.fsi.2008.07.005. PubMed PMID: WOS:000261564400003. 

Bricknell I, Dalmo RA. The use of immunostimulants in fish larval aquaculture. Fish Shellfish Immunol. 

2006;19(5):457-72. doi: 10.1016/j.fsi.2005.03.008. PubMed PMID: WOS:000229684200006. 

9.0 VITAS 
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Christopher A. Bartlett 
Maine Sea Grant/University of Maine Cooperative Extension 

16 Deep Cove Road, Eastport, Maine 04631 

207 853-2518 

cbartlett@maine.edu 

 

EDUCATION  

 

Bachelor of Science, Microbiology, 1990, University of Maine 

 

EXPERIENCE 

 

Marine Extension Associate, February, 1995 - Present 

Maine Sea Grant/ University of Maine Cooperative Extension, Eastport, Maine 

 

Finfish Aquaculture Specialist, September, 1992 - February, 1995 

Maine Aquaculture Innovation Center, Eastport, Maine 

 

Fish Culturist, June, 1990 - September, 1992 

Northern Southeast Regional Aquaculture Association, Sitka Alaska 

 

PROFESSIONAL SERVICE AND AFFILIATIONS 

 

USDA/APHIS ISA Technical Board, 2004-Present 

Downeast Institute for Marine Research and Education Board of Directors, 1999-Present 

Maine Marine Technology Center Advisory Committee, 2007-Present 

State of Maine Scallop Advisory Council, 2004-2007 

State of Maine Fish Health Technical Committee, 1999-2003 

 

RECENT OUTREACH  

 

Publications: 

Athearn, K, Bartlett, C.: Saltwater fishing in Cobscook Bay, Angler Profile and economic impact. 

Maine Sea Grant Marine Research in Focus, November 2008, Vol. 6 

 

Presentations: 

A Collaborative Effort to Examine New Strategies for Managing Closed Bottom Habitats for Sea 

Scallops; Maine Fishermen's Forum, March 1, 2008, Rockport, Maine 

 

Conferences and Workshops: 

Aquaculture Research and Economic Development- Foresight Planning 

 February 21-22, 2008, Portland, Maine, and July 16, 2008, Orono, Maine 

 Planning committee, staff, and facilitator 

 

15th Annual Northeast Farmed Fish Health Management Workshop,  

March 27, 2007, Calais, Maine  

Conference organizer and planning committee chair 

 

mailto:cbartlett@maine.edu
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Joshua Ryan Cook 

Contact Information:  

 Aquaculture Research Institute & School of Marine Sciences, University of Maine, 5735 Hitchner Hall, 

Orono, ME 04469 (voice) (802)-989-2889 (e-mail) joshua.cook@maine.edu, ORCID ID 0000-0002-

5403-3372 

Education: 

 B.S. in Marine Science (conc. in Marine Biology), 3.8 GPA, University of Maine, 2018 

Final year research project “Medicinal Applications of Secondary Metabolites Extracted from Soft Corals 

and Limitations of Production” 

Academic Positions: 

 Sept 2019 - Present: MAFES Graduate Research Assistant to Dr. Ian Bricknell at the University of Maine. 

Graduate Thesis “Mucosal Immunology in Teleost Fish” 

 June 2019-Sept 2019: EPSCoR Graduate Research Assistant to Dr. Ian Bricknell, University of Maine: 

Project “Micro-parasites of the Invasive Crab, Carcinus maenas L.” 

Other Positions: 

 December 2014-May 2019: Store Clerk at Jiffy Mart in Ferrisburgh.  

 Summer 2012-Summer 2018: Lifeguard at the Vergennes Pool.  

 Summer 2012-Summer 2018: Swim lesson instructor at Vergennes Pool.  

 Summer 2015 and 2016: Vergennes Swim Team Coach.  

 

Scientific and Professional Affiliations: 

 

 University of Maine 2016-2018 

 James Cook University (Australia) 2017 

 International Society of Fish and Shellfish Immunology 

 European Association of Fish Pathologists 

 International Society of Developmental and Comparative Immunology 

 

Awards: 

 

 MAFES Research Graduate Fellowship 

 EPSCoR Research Graduate Fellowship 

 

Publications: 

 

 Posters: 

1. Waller, R. and Cook, J. 2018. Medicinal Applications of Secondary Metabolites Extracted from 

Soft Corals and Limitations of Production. School of Marine Sciences Senior Capstone 

Conferences, University of Maine 

2. Rice, O., Cook, J., and Bricknell, I. 2019. Eliciting the Hatching Response in Profilicollis botulus. 

State of Maine 14th Annual Upward Bound Symposium 

3. Kenny, M., Cook, J., and Bricknell, I. 2019. Eliciting the Hatching Response in Profilicollis 

botulus. Annual EPSCoR Internship Program Symposium 2019. 

mailto:joshua.cook@maine.edu
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Re: Vaccinating the mucosal surfaces of commercially important fish species 

Grant proposal by Dr Ian Bricknell and Joshua Cook University of Maine 

Letter of Support 
29 May 2020 

To Whom it may concern,

The vaccination work proposal put for by Dr. Ian Bricknell and Joshua Cook to develop a

mucosal vaccination system for fish would be highly valuable for the aquaculture industry. Fish 

are subjected to many unique challenges from being immersed in an aquatic environment. Their

mucosal surface is the first barrier against potential pathogens. In all aquaculture settings fish are 

subjected to stress and potential mechanical damage from handling. Strengthening the armor of

the fish against would be pathogens would provide a significant advantage for any farmer.  

Sea lice often create genuine management problems for the net pen industry. Nordic 

Aquafarms operates land based recirculating systems and is able to exclude would be parasites

from its facilities through filtration and treatment of its incoming water. Currently most salmon 

are still grown in net pens where they are subject to parasite loads. Sea lice have a unique life 

stage where they physically tether themselves to the host fish with a filament anchored in the 

skin of the salmon. Sea lice can suppress the hosts normal immune response to a foreign body.

This work has the potential to advance the effort to combat sea lice should it be able to restart the 

immune systems ability to recognize the sea lice as a parasite and illicit a response.  

With land based aquafarming operations fish are often subjected to more handling and

grading than net pen grown salmon and are potentially subject to more frequent removal of the

protective mucosal coating. Each time the fish are handled the stress and mechanical damage 

from handling create opportunities for pathogens for a brief period. These would be invaders will

be far less likely to succeed with a stronger more responsive mucosal system.  

Having worked with many different aquaculture species to include arctic char, black sea 

bass, catfish, eel, rainbow trout, salmon, and yellowtail in both commercial and research settings

I am certain this work would have direct and potentially significant positive impacts for the 

aquaculture industry. I fully support Dr. Ian Bricknell and Josh Cooks efforts to improve fish 

health and hope they continue to investigate this very important aspect further with success.  

Sincerely 

David Noyes 

Vice President of Technology 

Nordic Aquafarms Inc.  

159 high street  

Belfast Maine 04915 

1-207-949-2242 

10. Other Funding: None

Letters of Support 
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Logic Model of: Vaccinating the Mucosal Surfaces of Commercially Important Fish Species 
 
Situation Statement:  The requirement for an epithelial vaccination that is effective between fish species without causing any adverse 
reactions while retaining high levels of disease protection 
Outcome Summary: Produce a porotype vaccine formulation that provides good protection against diseases that invade the skin and mucosa 
of fish important to aquaculture in North America 

Inputs 
 Outputs 

  Activities                    Participation 
                                 

 Outcomes – Impact  
Short Term                Medium Term                      Long Term 

What we invest: 
2 Research Scientists 
with wide range of 
knowledge and 
expertise in fish 
culture, fish 
vaccinology, fish 
immunology and 
pathobiology 
 
1 Graduate Student 
 
1 Undergraduate 
Research associate 
 
Laboratory and 
Aquarium Facilities 
 
Time 
 
Equipment 
 
Experimental fish 
(Zebrafish, salmonid 
and perciforms) 
 
Expertise and 
knowledge 
 

 What we do: 
Evaluate 
Epithelial 
immune response 
in zebra fish 
 
Investigate 
uptake and 
distribution of 
vaccine and 
adjuvant and 
immune cells in 
fish 
 
Determine the 
efficacy of 
vaccines 
formulated for 
epithelial 
vaccination and 
compare IP and 
IM methods 
 
Reporting and 
data analysis 
 
Transfer 
vaccination 
technology fish 
health Industry 
 
Extension 
workshops 
 
Scientific meeting 
presentations. 
 

Who we reach: 
Scientific 
researchers 
 
Outreach 
 
Vaccine 
industry 
 
Research 
Associates 
 
Graduate and 
undergraduate 
students 
 
State, national 
and 
international 
collaborators 
 
Scientific 
community 
 
General public 
 
Animal health 
companies 

 What the short-
term results are: 
Develop a new 
method of fish 
vaccination 
 
Vaccines can be 
formulated for 
challenge trials  
 
Knowledge of 
immune effect and 
contra indications 
of epithelial 
vaccination are 
determined 
 
Graduate & under 
graduate student 
research & 
education 
experience  
 
Fish farmers gain 
knowledge and 
understanding of 
epithelial vaccines 
 
Communication 
between 
researchers and 
Vaccine industry 
are increased 
 
 

What the 
medium-term 
results are: 
New Vaccine 
formulations are 
provided to the 
fish Heath industry 
 
Vaccine 
formulation 
provides cross 
species protection  
 
Production costs 
for fish farming is 
decreased 
 
Animal welfare is 
improved 
 
Scientific 
publications 
 
The working 
relationship 
between UMaine 
and the fish health 
industry is 
enhanced and 
increased 
 
Fact sheet and 
Web site presence 
of research 
 
Educate students 

That the ultimate 
results are: 
Mitigation of important 
infectious diseases in 
Zebrafish, salmonid and 
perciforms fishes that 
primarily affect the skin 
and mucosa 
 
Significant expansion of 
the Fish aquaculture 
industry in the US 
 
Improved food security 
 
Increased sustainability 
and competitiveness of 
US agriculture 
[aquaculture] 
 

 
Assumptions 

The use of mucosal vaccines gives a performance that is at least 
well as conventional vaccines, This would allow for a single 
vaccine formulation to be developed for numerous commercially 
importantly species against common pathogens that use the skin 
as a primary site of infection. 
 
 

  
External Factors 

Regulations for new vaccine formulations  
Environmental conditions of use, time, temperature and health 
status of the vaccinated fish. 
Fish health/vaccine company production involvement. 
Education of veterinarians, farmers and best management practices 
to optimizing the production environment 

11. Logic Model 
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Evaluation - How will you measure and report your outcomes?  
This project will investigate the potential physiologically of a new generation of mucosal vaccines adjuvants in multiple fish species. Improving 
fish health welfare and production levels by reducing disease incidents. Disease outbreaks are one of the major limiting factors in fish 
aquaculture growth both nationally and internationally. Experiments will determine the performance of these vaccine in representative fish 
species that are representative for the fish farming industry in the USA; It will investigate vaccine performance and any adverse effects and 
compare the protection and side effects to control fish and a commercially available vaccines. Data will be collected, analyzed, interpreted and 
shared for each objective (milestone) outlined. Regular meetings will occur between investigators and collaborators to share results and assess 
objectives completed. There will be a continual feedback loop with objectives completed and information gained. Outcomes will be reported 
via extension workshops, publications in peer reviewed journals, a fact sheet, NIFA required reports, The ARI web site and via scientific 
conferences and trade shows. 

 


