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F

ish medicine has been a relatively small discipline
of veterinary attention in the past because of many
factors, the most important of which is the perceived
value of pet and ornamental fish. As more people invest
in expensive species, such as koi and various reef species, the demand to provide a higher level of care for
these animals is increasing. This trend is also evident
in the commercial food and bait fish industry, where
aquaculture producers are expecting improved standards of care for populations of fish that are worth millions of dollars. With increasing numbers of pet and
production fish operations, veterinarians will be expected to have the abilities and knowledge to diagnose
and treat aquatic species and provide a standard of care
commensurate with other commonly treated animal
species. As their caseloads of aquatic species increase,
veterinarians will come into contact with zoonotic diseases specific to aquatic species that have been of little
concern when dealing with terrestrial animals. Certain
pathogens pose a specific potential threat to veterinarians, pet owners, and producers working with finfish
species. Although there is an extensive list of pathogens
that are communicable to humans from aquatic species
via consumption, pathogens can also be encountered
during examination, handling, and treatment of aquatic
species. It is important for veterinarians to be aware of
the clinical signs that are associated with these specific
zoonoses and ways to minimize risk of exposure to the
causative organisms.
Transmission of Pathogens
The interaction of pathogens between humans and
aquatic species is complex because of the various routes
of transmission coupled with the fact that many of the
zoonotic pathogens do not cause disease in aquatic
organisms. Thus, as unaffected carriers, seemingly
healthy fish have the potential to transmit pathogens
to humans. It is also possible for commensal organisms
that typically cause few problems for aquatic species to
become a zoonotic pathogen of humans. As a further
complication associated with pathogen diagnosis in
fish, many clinical signs of the disease in aquatic species have little relevance to the clinical signs that develop in affected humans.
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With regard to infections acquired through handling of aquatic organisms, there are no reported parasitic, viral, or fungal zoonoses that are derived from
aquatic species exclusively through a contact route.
Bacteria are the primary causative agents for zoonotic
infections that develop from such contacts. The diversity of bacterial species associated with aquatic organisms
is vast and is largely attributable to the aquatic environment. Although most fish pathogens are gram-negative
bacteria, both gram-positive and gram-negative bacteria are among the potential zoonotic pathogens that can
be found in association with aquatic animals. Aquatic
animals live in a wide range of conditions, thereby influencing the particular bacterial species that are associated with certain species. Aeromonas spp, for example,
are more commonly associated with freshwater species,
whereas Vibrio spp are generally associated with marine species of aquatic organisms. The bacteria that a
veterinarian may encounter are generally considered to
infect humans opportunistically, and diseases caused by
these bacteria develop sporadically or in immunocompromised individuals.
Specific Bacterial Disease Agents
Aeromonas spp compose a large portion of the bacterial flora among freshwater aquatic organisms that
are maintained in a wide range of water temperatures.
Aeromonas organisms are gram-negative, motile, facultative anaerobic rods that are ubiquitous in the aquatic
and terrestrial environments. Aeromonas hydrophila,
Aeromonas caviae, Aeromonas sobria, and Aeromonas
schubertii have all been implicated in human disease
and are found in association with aquatic finfish and
crustaceans.1 These aeromonads frequently cause disease in cultured and pet fish. Clinical signs of Aeromonas infections in fish are seldom specific and include
ulcerative lesions of the skin around the base of the
fins and anus, raised scales, abdominal distension, and
exophthalmia, all of which are signs that commonly
develop with other bacterial infections. Depending on
the severity of infection, anemia, hepatomegaly, and
ascites may develop in affected fish. Aeromonad infections in fish are often secondary to other stressors such
as a suboptimal environment, poor water quality, parasitism, and nutritional deficiencies. The primary route
for transmission to a clinician or persons handling fish
is contact with mucus and tissues from infected or carrier fish. Cuts and abrasions that are already present on
the hands of the handler, as well as wounds caused by
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handling fish directly, are possible routes of infection.
Human infections with Aeromonas spp often develop
in immunocompromised persons for whom the bacteremia can prove life threatening.2,3 In healthy individuals, the most common signs of an Aeromonas spp
infection include localized wound swelling and gastroenteritis.4,5 Aeromonas salmonicida is another important member of this group and is responsible for large
economic losses in cultured salmonid populations
through what is commonly called furunculosis. An
atypical strain of A salmonicida can also cause so-called
goldfish ulcer disease in goldfish and erythrodermatitis in carp. However, to our knowledge, there are no
reported cases of human infection with A salmonicida
despite the prevalence and severity of disease among
salmonids and cyprinids.
Vibrio spp are gram-negative, facultative anaerobic
rods of the family Vibrionaceae. The species most commonly identified in aquatic environments and species
are Vibrio vulnificus, Vibrio parahemolyticus, and Vibrio
cholera. These bacteria are often associated with marine
and brackish environments because of the bacteria’s
preference for waters of high salinity. Vibrio spp can
also be occasionally isolated from freshwater fish despite being more prevalent in saltwater environments.
Vibrio spp typically proliferate in warm water and are
often more abundant during the warmer months.6 Vibrio spp can also be cultured from the skin and gastrointestinal tracts of fish that appear clinically normal;
however, in fish hosts under stressful conditions, these
bacteria can cause disease.7 Clinical signs in fish infected with Vibrio spp are similar to those of other bacterial infections and cannot be relied on for diagnostic
purposes. These clinical signs include anorexia, lethargy, skin ulcers, exophthalmia, and erythema around
the anus and bases of fins. In humans, Vibrio vulnificus
infection is the most common fish-derived Vibrio infection, and the major route of exposure has been reported
to be through puncture wounds and ingestion.8 Clinical signs of such infections in humans are necrotizing
fasciitis, edema, and swelling in the immediate area
of the puncture wound.9 Septicemia after ingestion of
V vulnificus (typically in shellfish) results in death in
50% to 60% of clinically affected humans.10
The Enterobacteriaceae family includes several
genera of bacteria that have zoonotic potential. These
bacteria include Edwardsiella, Escherichia, Salmonella,
and Klebsiella spp.4 This group of bacteria contain
gram-negative, facultative anaerobic rods that are directly associated with fish species or freshwater aquatic
environments. Of these bacteria, Edwardsiella ictaluri
and Edwardsiella tarda are the only important primary
pathogens to fish, and both cause major losses in the
commercial food-fish industry. Edwardsiella ictaluri is
the etiologic agent of enteric septicemia of catfish11;
clinical signs associated with E ictaluri infection include circular areas of hyperemic skin, blood at the fin
bases, raised reddish lesions on the top of the head that
are often ulcerated, exophthalmia, abdominal distention, anorexia, and swirling behavior.12 The highest potential for infection to a human is through a puncture
wound received during handling or examination of fish,
followed by contamination of existing cuts and abraJAVMA, Vol 231, No. 6, September 15, 2007

sions. Edwardsiella tarda infection in catfish has been
termed emphysematous putrefactive disease.13 In fish,
this infection induces nonspecific clinical signs that
may include petechiae and ulcerations of the skin and
excessive mucus production. The disease can progress,
and fish may develop large gas-filled abscesses that appear as raised areas of skin. As a result of lesions that
destroy muscle tissue, catfish in advanced stages of disease are often unable to swim. Humans infected with
E tarda via a wound or ingestion may develop necrotic
skin lesions and gastroenteritis.14,15 Infections with any
of these bacteria can remain localized at the point of
entry or can become systemic and result in severe cases
of meningitis.16,17
There are also important gram-positive species of
bacteria of aquatic organisms that are associated with
zoonotic infections in humans. Mycobacterium spp are
gram-positive, nonmotile, acid-fast rods and are considered part of the nontubercular group of mycobacterial pathogens. As a group, these bacteria are generally
slow growing and often difficult to culture. Three major
species are commonly cultured from a diverse variety of
freshwater, brackish, and marine species of fish: Mycobacterium marinum, Mycobacterium fortuitum, and Mycobacterium chelonei. In addition, Mycobacterium ulcerans, Mycobacterium chesapaeki, Mycobacterium shottsii,
and Mycobacterium pseudoshottsii have also been isolated from various fish species.18–23 All of these aquatic
Mycobacterium spp can cause acute to chronic disease in
fish, which may be associated with multiple and varied
clinical signs. The most common clinical signs of the
chronic form of infection are exophthalmia, lethargy,
scale loss, abdominal distention, pigment changes, poor
body condition, and skin ulcers.22 To complicate determination of the diagnosis, many fish are long-time carriers of the disease before any clinical signs of illness are
detected grossly.21,24 Infected fish may act as reservoirs
and transmit the infection to other fish in an aquarium,
tank, or pond. The most likely route of transmission
among fish is generally regarded as oral, largely via ingestion of infected feces or tissues.22 However, release
of infectious organisms from infected gill tissue or ulcerated skin lesions may also be a route through which
Mycobacterium spp spread within water.22 In humans,
Mycobacterium spp often affect people who handle or
work with fish, and the resultant infections have been
called fish handlers’ disease or fish tank granuloma. In
affected humans, lesions typically develop on the extremities and are either ulcerative or raised granulomatous nodules.25–27 Most infections in humans are limited
to the extremities because of the preference of aquatic
Mycobacterium spp for lower temperatures (< 30°C
[< 86°F]). However, a few rare cases of systemic mycobacteriosis in humans have been reported28,29; these
generally develop in immunocompromised individuals
and result in symptoms of respiratory tract disease.
Streptococcus iniae is another bacterium of major
concern because of the serious clinical signs that develop in infected humans. These organisms are grampositive, nonmotile cocci that cause multiple clinical
signs in freshwater and marine fish including abdominal distention, petechial hemorrhage of the dermis, exophthalmia, and death.30–32 Tilapia (Oreochromis spp,
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Sarotherodon spp, and Tilapia spp), striped bass (Morone saxatilis), and their respective hybrids are reported
to be predisposed to infection with S iniae and may be
chronic carriers of the bacterium, although many other
food and tropical species can also harbor the pathogen.31,33,34 Humans infected with S inae develop cellulitis, systemic arthritis, endocarditis, and meningitis and
may die as a result.33 Most humans have been infected
via an existing wound or a fresh puncture wound during handling of live or dead fish.
Erysipelothrix rhusiopathiae is a gram-positive rod
that is ubiquitous in its distribution in soil and fresh
and marine water. Although the bacterium has no apparent pathologic effect in fish, it is often associated
with fish skin and mucus.35 Human infections with
E rhusiopathiae are typically obtained during contact or
handling of animal tissues; an existing wound or injury
sustained during animal handling is the point of entry.36,37 The disease in humans has 3 forms, 1 of which
is a localized skin infection that is generally associated
with a wound, cut, or abrasion. This localized form is
typically associated with the extremities, primarily the
hands and fingers. The disease also has a diffuse cutaneous form, which is a progression of a localized infection
to surrounding tissues. The third form is systemic infection in which the heart and heart valves are targeted,
resulting in endocarditis. The disease in humans is rare;
however, on the basis of available data, 22% of infected
humans contract the disease from fish or shellfish, and
38% are likely to die.4
Of the bacteria that may be encountered when handling fish during an examination, several species are
not generally considered transmissible through contact
but rather through ingestion. These bacteria would be
less likely to cause infection via the oral route of transmission in a clinical setting, but are included to provide more complete information regarding fish-borne
bacteria. They are almost all ubiquitous in the environment, can be cultured from numerous sources, and
are not considered specific to aquatic environments or
fish. Staphylococcus spp are gram-positive cocci that
cause disease in many species of animals. However, in
fish, this bacterium is rarely a primary cause of disease,
but can be cultured from samples of aquarium and
pond water. The greatest source for illness associated
with Staphylococcus spp is ingestion of enterotoxin
produced by the bacteria during improper food handling and preparation.38 Clostridium spp (gram-positive rods) contribute to the resident intestinal bacteria
in many fish species and rarely cause disease in fish.39
For humans, the primary risk of illness associated with
Clostridium organisms from fish species is through ingestion of preformed toxin produced by vegetative cells
in improperly handled fish products. Following ingestion, Clostridium perfringens toxins can cause gastroenteritis and often result in diarrhea of ≥ 24 hours’ duration.40 Compared with the effects of toxins from other
Clostridium spp, Clostridium botulinum toxins can have
effects that are much more severe, including generalized muscle paralysis that may result in death from respiratory system collapse. Plesiomonas shigelloides is a
gram-negative bacterium that is not specific for aquatic
species but is widely distributed in water and soil in
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temperate and tropical regions. This organism causes
disease in humans generally through ingestion of improperly cooked seafoods. Human disease caused by
P shigelloides is characterized by 3 forms of gastroenteritis: secretory, invasive, and cholera-like. Occupations that are reported to be at high risk for this infection are fish handlers, aquaculturists, veterinarians, zoo
keepers, and water sports performers.41 Campylobacter
spp are gram-negative rods that are associated with
water contaminated with fecal material. Low numbers
of infections in relation to shellfish consumption have
been reported.42 Salmonella spp (also gram-negative
rods) have commonly been isolated from contaminated
aquarium and tanks and polluted ponds and salt water.
Salmonella spp are not known to be pathogenic to fish
but can be associated with human disease.43,44
Pathogen Detection
Samples that are obtained from fish for diagnostic
purposes are frequently sent to laboratories outside of
veterinary clinics and need to be collected and shipped
properly. Techniques for collection of samples from
aquatic animals are the same as techniques for collection of samples from mammals—aseptic collection
procedures are required to ensure appropriate and representative results of diagnostic testing. Most bacterial
pathogens can be cultured from samples of the caudal
kidney of a fish, and this is the most common sample
submitted. However, some bacterial pathogens may be
better isolated from other tissues; S inae, for example, is
cultured most successfully from specimens of brain tissue. The veterinary clinician and diagnostic laboratory
should also be aware that most fish pathogens should
be cultured from specimens at room temperature (20°
to 22°C [68.0° to 71.6°F]) rather than at the typical bacterial culture temperature for mammalian specimens of
37°C (98.6°F).
Preventative Measures
Aquatic medicine is similar to other areas of veterinary medicine in that prevention is a much more economical and effective way of avoiding zoonotic diseases
than response to existing infections. Thus, discussion
of biosecurity principles with clients and implementation of an appropriate biosecurity plan for aquaculture
facilities are paramount to diminishing the introduction and minimizing the spread of a pathogen in an
animal population. There are several measures that can
be recommended by veterinarians to clients for reduction of the risk of zoonotic pathogen introduction into
established aquatic animal populations. One is to establish a quarantine area or tanks that are separate from
existing populations in which new fish can be held.
This is helpful in preventing zoonotic pathogens and
also other disease agents (ie, viral, bacterial, parasitic,
and fungal) from entering the clients’ fish populations.
Typically, new fish should be held in quarantine for 30
to 45 days to allow observation of behavior, feeding
response, and development of any clinical signs. This
period is generally sufficient to detect the presence of
most active pathogens in newly acquired fish, although
chronic infections with pathogens such as MycobacteJAVMA, Vol 231, No. 6, September 15, 2007

rium spp may not be evident. The quarantine area or facility should be treated as a separate area and should be
equipped with nets, feed, water supply, and tank-cleaning supplies designated for use solely in that area to
prevent contamination of existing populations of fish.
It is also advisable to have clients seek veterinary
guidance prior to purchasing fish and arrange prepurchase examinations by a veterinarian when large numbers or expensive fish are involved. Unfortunately, it
can be difficult to impossible to determine whether a
fish is persistently infected or a carrier of disease. This
is especially true with diseases such as mycobacteriosis.
In addition, inspection of facilities and assessment of
the health status of existing fish populations can both
provide indications of zoonotic risk. To further reduce
the potential transmission of zoonotic pathogens, clients should be advised to deal with fish and feed suppliers that have a reputable history and provide veterinary
certificates of health for purchased fish.
In production facilities that accommodate large
populations of food, bait, or ornamental fish, large
numbers of fish will be entering and leaving a facility
throughout a production cycle. Any one of the incoming fish has the potential to introduce a new disease
that may or may not have zoonotic potential. Recommendations to clients to implement an all in–all out
production cycle can decrease the quarantine requirements and help prevent the spread of some infections
within a facility. The period between production cycles
should be sufficiently long to allow thorough disinfection of the facilities, thereby removing viable bacterial
and viral pathogens and interrupting the life cycles of
parasites.
A veterinarian-client-patient relationship is also
important for identification of control points for disease. By advising clients to have regularly scheduled
appointments for fish examinations or site visits,
clinicians may identify and prevent many problems
that contribute to introduction of pathogens in a fish
population.
As for veterinarians who work with mammals, clinicians who work with finfish also need to be aware of
possible zoonotic diseases and use standard safety practices. Gloves should be worn at all times during handling and examination to protect the clinician as well
as the fish. Abrasive skin and oils on bare hands can remove the delicate external mucus layer and predispose
the fish to opportunistic bacterial infections. Similar
to mammalian practice, gloves should be changed between examinations of fish in different tanks or populations to prevent the spread of pathogens.
The list of pathogens that can infect humans as a
result of eating undercooked fish and other aquatic species is quite extensive. Review of food-borne pathogens
is beyond the scope of this article, which has focused
on diseases that a clinician or client could encounter
during routine handling, care, or diagnostic assessment of aquatic animals. Information regarding foodborne illnesses in relation to handling and processing of
fish and seafood is widely available.45–47 It is important
for veterinarians to be able to not only diagnose and
treat diseases in fish but also inform clients of health
risks associated with handling and caring for those
JAVMA, Vol 231, No. 6, September 15, 2007

animals. This is not unlike the veterinarians’ responsibilities when dealing with public health issues in pet
animals and domesticated livestock; however, this area
of client information is often overlooked when dealing
with aquatic species. The most important information
that clinicians can give clients is reassurance that with
proper husbandry and care, fish are safe to keep and
maintain as pets or aquatic livestock. Avoidance of contact with the fish and water would be the single most
effective way to prevent infection; however, to provide
proper care for fish in home aquariums or aquaculture
tanks, some contact with the water, fish, or both will
occur. Basic hygiene and thorough hand washing after
contact with fish or water that contains fish are good
preventative protocols. The extent of this contact can be
decreased by use of gloves when working with the fish
or tank, thereby reducing exposure via cuts obtained
from equipment, ornaments, coral, or fins. Also, whenever possible, use of a brush, tubing, or other means of
cleaning a tank instead of hands is recommended. Open
sores, cuts, or scrapes are easy routes of entry for many
of the pathogens found in aquariums or tanks. Contact
of open wounds with aquarium water during cleaning
or water changes should be prevented. Clients should
be cautioned that immunocompromised individuals are
at greater risk for infection with a zoonotic pathogen,
and their contact with aquarium water and fish should
be more strictly limited. Clients seeking advice regarding zoonotic diseases should also be advised to talk
with their personal physicians and should inform those
physicians that they have contact with aquariums and
fish because certain infections can become severe if not
diagnosed and treated properly.
References
1.

Palumbo SA, Bencivengo MM, Del Corral F, et al. Characterization of the Aeromonas hydrophila group isolated from retail
foods of animal origin. J Clin Microbiol 1989;27:854–859.
2. Tsai MS, Kuo CY, Wang MC, et al. Clinical features and risk
factors for mortality in Aeromonas bacteremic adults with malignancies. J Microbiol Immunol Infect 2006;39:150–154.
3. Joseph SW, Daily OP, Hunt WS, et al. Aeromonas primary
wound infection of a diver in polluted waters. J Clin Microbiol
1979;10:46–49.
4. Nemetz T, Shotts E. Zoonotic diseases. In: Stoskopf M, ed. Fish
medicine. Philadelphia: WB Saunders Co, 1993;214–220.
5. Moyer NP. Clinical significance of Aeromonas species isolated
from patients with diarrhea. J Clin Microbiol 1987;25:2044–
2048.
6. Eastaugh J, Shepard S. Infectious and toxic syndromes for
fish and shellfish consumption: a review. Arch Intern Med
1989;149:1735–1740.
7. Bisharat N, Agmon V, Finkelstein R, et al. Clinical epidemiological, and microbiological features of Vibrio vulnificus biogroup 3
causing outbreaks of wound infection and bacteriaemia in Israel. Israel Vibrio study group. Lancet 1999;354:1421–1424.
8. Lehane L, Rawlin GT. Topically acquired bacterial zoonoses
from fish: a review. Med J Aust 2000;173:256–259.
9. Tang WM, Fung KK, Cheng VC, et al. Rapidly progressive
necrotising fasciitis following a stonefish sting: a report of two
cases. J Orthop Surg 2006;14:67–70.
10. Oliver JD. Wound infections caused by Vibrio vulnificus and
other marine bacteria. Epidemiol Infect 2005;133:383–391.
11. Hawke JP, McWhoster AC, Steigerwal AG, et al. Edwardsiella
ictaluri sp. nov., the causative agent of enteric septicemia of catfish. Int J Syst Bacteriol 1981;31:396–400.
12. Hawke JP, Durborow RM, Thune RL, et al. ESC—enteric septiVet Med Today: Zoonosis Update

879

13.
14.
15.
16.
17.
18.
19.
20.

21.
22.
23.

24.

25.
26.
27.
28.
29.
30.

880

cemia of catfish. Publication No. 477. Stoneville, Miss: Southern
Regional Aquaculture Center, 1998;1–6.
Meyer FP, Bullock GL. Edwardsiella tarda, a new pathogen of
channel catfish (Ictalurus punctatus). Appl Microbiol 1973;
25:155–156.
Jordon GW, Hadley WK. Human infection with Edwardsiella
tarda. Ann Int Med 1969;70:283–288.
Vandepitte J, Lemmens P, de Swert L. Human edwardsiellosis
traced to ornamental fish. J Clin Microbiol 1983;17:165–167.
Matsushima S, Yajima S, Taguchi T, et al. A fulminating case of
Edwardsiella tarda septicemia with necrotizing fasciitis [in Japanese]. Kansenshogaku Zasshi 1996;70:631–636.
Wilson J, Waterer R, Wofford J, et al. Serious infections with
Edwardsiella tarda: a case report and review of the literature.
Arch Intern Med 1989;149:208–210.
Kaattari IM, Rhodes MW, Kaattari SL, et al. The evolving story
of Mycobacterium tuberculosis clade members detected in fish.
J Fish Dis 2006;29:509–520.
Decostere A, Hermans K, Haesebrouck F. Piscine mycobacteriosis: a literature review covering the agents and the disease it
causes in fish and humans. Vet Microbiol 2004;99:159–166.
Chinabut S. Mycobacteriosis and nocardiosis. In: Woo PTK,
Bruno DW, eds. Fish diseases and disorders. Volume 2: viral,
bacterial and fungal infections. New York: CAB International,
1999;319–340.
Falkinham JO. Epidemiology of infection by nontuberculous
Mycobacteria. Clin Micriobiol Rev 1996;9:177–215.
Smith SA. Mycobacterial infections in pet fish. Semin Avian Exotic Pet Med 1997;6:40–45.
Nigrelli RF, Vogel H. Spontaneous tuberculosis in fishes and other cold-blooded vertebrates with special reference to Mycobacterium fortuitum Cruz from fish and human lesions. Zoologica
1963;48:131–144.
Ross BC, Johnson PDR, Oppedisano F, et al. Detection of
Mycobacterium ulcerans in environmental samples during
and outbreak of ulcerative disease. Appl Environ Microbiol
1962;63:4135–4138.
Ho MH, Ho CK, Chong LY. Atypical mycobacterial cutaneous
infections in Hong Kong: 10-year retrospective study. Hong
Kong Med J 2006;12:21–26.
Kiesch N. Aquariums and mycobacteriosis. Rev Med Brux
2000;21:A255–A256.
Huminer D, Pitlik SD, Block C, et al. Aquarium-borne Mycobacterium marinum skin infection. Report of a case and review of
the literature. Arch Dermatol 1986;122:698–703.
Lacaille F, Blanche S, Bodemer C, et al. Persistent Mycobacterium
marinum infection in a child with probable visceral involvement. Pediatr Infect Dis 1990;9:58–60.
Tchornobay AM, Claudy AL, Perrot JL, et al. Fatal disseminated
Mycobacterium abscessus from Japanese medaka. J Aquat Health
1992;9:234–238.
Perl A, Frelier PF, Bercovier H. Red drum Sciaenops ocellatus
mortalities associated with Streptococcus iniae infections. Dis
Aquat Organ 1999;36:121–127.

Vet Med Today: Zoonosis Update

31. Eldar A, Bejerano Y, Livoff A, et al. Experimental streptococcal
meningo-encephalitis in cultured fish. Vet Microbiol 1995;43:33–
40.
32. Perera R, Johnson S, Collins M. Streptococcus iniae associated
with mortality of Tilapia nilotica and T. aurea hybrids. J Aquat
Anim Health 1994;6:335–340.
33. Weinstein MR, Litt M, Kertesz DA, et al. Invasive infections
due to a fish pathogen, Streptococcus iniae. S. iniae study group.
N Engl J Med 1997;337:589–594.
34. Kitao T. Streptococcal infections. In: Inglis V, Roberts RJ, Bromage NR, eds. Bacterial diseases of fish. New York: Halsted Press,
John Wiley & Sons, 1993;196–197.
35. Stenstrom IM, Norrung V, Ternstrom A, et al. Occurrence of different serotypes of Erysipelothrix rhusiopathiae in retail pork and
fish. Acta Vet Scand 1992;33:169–173.
36. Gorby G, Peacock J. Erysipelothrix rhusiopathiae endocarditis:
microbiologic, epidemiologic, and clinical features of an occupational disease. Rev Infect Dis 1988;10:317–325.
37. Rocha MP, Fontoura PR, Azevedo SN, et al. Erysipelothrix endocarditis with previous cutaneous lesions: report of a case and review of the literature. Rev Inst Med Trop Sao Paulo 1989;31:286–
289.
38. Wieneke AA, Roberts D, Gilbert RJ. Staphylococcal food poisoning in the United Kingdom, 1969–90. Epidemiol Infect
1993;110:519–531.
39. Frerichs G, Roberts R. The bacteriology of teleosts. In: Roberts R, ed. Fish pathology. 2nd ed. London: Balliere Tindall,
1989;297–331.
40. Birkhead G, Vogt RL, Heun EM, et al. Characterization of an
outbreak of Clostridium perfringens food poisoning by quantitative fecal culture and fecal enterotoxin measurement. J Clin
Micriobiol 1988;26:471–474.
41. Brenden R, Miller M, Janda J. Clinical disease spectrum and
pathogenic factors associated with Plesiomonas shigelloides infection in humans. Rev Infect Dis 1988;10:303–316.
42. Hackney CR, Kilgen MB, Kator H. Public health aspects of
transferring mollusks. J Shellfish Res 1992;11:521–533.
43. Gaulin C, Vincent C, Alain L, et al. Outbreak of Salmonella paratyphi B linked to aquariums in the province of Quebec, 2000.
Can Commun Dis Rep 2002;28:89–93.
44. Senanayake SN, Ferson MJ, Botham SJ, et al. A child with Salmonella enterica serotype Paratyphi B infection acquired from a
fish tank. Med J Aust 2004;180:250.
45. Jahncke ML, Schwarz MH. Public, animal and environmental
aquaculture health issues in industrial countries. In: Jahncke
M, Garrett ES, Reilly A, et al, eds. Public, animal, and environmental aquaculture health issues. New York: John Wiley & Sons,
2002;67–102.
46. Wolf JC, Smith SA. Human pathogens in shellfish and finfish.
In: Martin RE, Carter EP, Flick GJ, et al, eds. Marine and freshwater products handbook. Weimar, Tex: Culinary and Hospitality
Industry Publications Services, 2000;697–716.
47. Schantz PM, McAuley J. Current status of food-borne parasitic
zoonoses in the United States. Southeast Asian J Trop Med Public
Health 1991;22:65–71.

JAVMA, Vol 231, No. 6, September 15, 2007

