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A wide range of aquatic animal species are cultured for

human consumption, the fashion industry, research pur-

poses or re-stocking natural populations. Each host species

may be colonised by bacterial saprophytes or infected with

pathogens that have specific growth requirements encom-

passing temperature, salinity, trace elements or ions. To

ensure successful culture and identification of potential

pathogens, the microbiologist must have in-depth knowl-

edge of these growth requirements and access to the

appropriate resources. Identification techniques include

traditional culture and biochemical identification methods

modified to take into account any growth requirements,

identification usingmass spectrometry, detection of nucleic

acids, sequencing 16S rRNA or specific genes, and whole

genome sequencing.

More than 70 aquatic host species ranging from finfish, crustaceans,

bivalves, amphibians, algae and corals are grown throughout the

world for either human consumption, the fashion industry, food for

aquacultured hosts, research or re-stocking of natural populations.

Each host species has saprophytic and pathogenic bacteria thatmay

have specific growth requirements, and the microbiologist must

have the appropriate knowledge and access to resources to enable

their successful culture and identification.

Standard bacteriological procedures similar to those performed for

the isolation of bacterial pathogens from human and terrestrial

animals are used with modifications that take into account growth

requirements for temperature, salinity, seawater salts/ions, nutri-

ents or growth factors. As a general rule samples from freshwater are

cultured to blood agar plates, whereas those from marine sources

are cultured to blood agar containing 2% NaCl final concentration1.

The majority of bacterial pathogens from aquaculture samples are

incubated at 23–258C.

Many bacteria have specific growth requirements. For example,

Tenacibaculum (Flavobacterium) maritimum2, has an absolute

requirement for ions present in seawater together with low nutri-

ents and must be cultured on a minimal nutrient agar such as

Anacker-Ordal3 containing seawater salts (Sigma). Flavobacterium

psychrophilum has an optimum temperature range of 15�208C,

variable growth at 258C and no growth at 308C4
. Samples from

brackish waterways such as coastal rivers and estuaries may contain

a mix of freshwater and marine bacteria, and therefore, should be

cultured to media with and without NaCl. Likewise, samples from

marinemammalsmay also require the use of culturemediawith and

without NaCl, as these animals typically harbour members of the

Enterobacteriaceae as well as bacteria of marine origin. It may be

prudent to incubate duplicate sets of media at 258C and 378C.

Microbiologists must be aware of pathogens exotic to Australia and

New Zealand, as some of these such as Renibacterium salmoni-

narum5, a slow growing Gram-positive rod that has an absolute

requirement for cysteine and a temperature range of 15–178C, will

not be detected using ‘general culture’ conditions.

Phenotypic identification of a majority of bacteria from aquatic

animals is achieved using conventional biochemical test methods

that include carbohydrate fermentation, enzyme hydrolysis or car-

bon utilisation6, and comparing the results to designated Type

strains and well-characterised strains1,7. A number of bacteria from

the marine environment generally will grow in physiological con-

ditions, produce virulence factors and cause disease, however may

not fully express all enzymes or biochemical reactions normally

associated with their identification profile. These bacteria must

be grown in biochemical identification media at their optimal

conditions for temperature and salinity1,7. A number of bacteria

including Vibrio species, Photobacterium damselae and Yersinia

ruckeriproducedifferent biochemical reactions, especially enzyme
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reactions at 258C compared to 378C and at 0.85% NaCl compared

to 2% NaCl8,9.

Some bacteria infecting aquacultured species are also zoonotic and

both medical and veterinary laboratories must be aware of these

bacteria that can infect wounds in people handling aquatic animals

or cause food poisoning by their consumption10. Misidentification

can result if these bacteria are not grown at their optimal salinity and

temperature8,9.

Many laboratories do not have their own media preparation labo-

ratories, but rely on commercially availablemedia and identification

systems such as the API kits (Biomerieux). The kits are designed for

bacteria from medical sources and their interpretation for bacteria

from aquatic animals must be used with caution and results inter-

preted using a reliable database1.Other bacteria such as someof the

genera within the Flavobacteriaceae family are difficult to identify

by phenotypic means and the specialised media required for many

bacteria means that some laboratories may lack the resources to

culture such organisms.

Advances in phenotypic identification have seen the advent of

matrix-assisted laser desorption time of flight (MALDI-TOF) mass

spectrometry (Figure 1) and to some extent this technology over-

comes the constraints of the traditional methods of identifying

bacteria based on the biochemical pathways of the cell. Mass

spectrometry still requires the organism to be cultured, however,

the identification can be performed on individual colonies growing

on the primary plate. A bacterial colony is smearedwithin awell on a

target plate and the cellular proteins are released using formic acid

and a matrix solution of saturated alpha-cyano-4-hydroxycinnamic

acid containing acetonitrile and trifluoroacetic acid. The high abun-

dance ribosomal proteins between 2–20 kiloDaltons are analysed

within 1–2 minutes. Identification is achieved by pattern matching

of the generated protein peaks against a stored library containing

spectra for 6000 species. The intensity is correlated and used for

ranking results. Thus, an assigned score of >2.0 identifies the

bacterium to species level, whereas a score of 1.7–2.0 identifies to

genus level only (Bruker MALDI biotyper instrument, Bruker Dal-

tonics). Although mass spectrometry has been available for protein

analysis for over 50 years, it is the bioinformatics that has enabled

the technology to be applied to the identification of bacteria, yeast

and fungi. Only true fungi are present in the database. Oomycete

fungi such as Aphanomyces and Saprolegnia that are pathogens or

saprophytes in aquatic animals are not in the commercial databases

at present.MALDI-TOF technology has beenused for the separation

of species and subspecies, strain typing, and the detection of

antibiotic resistant genotypes11,12.

The MALDI-TOF database contains 51 of the 121 described Vibrio

species, 21 of the 45 described Aeromonas species, andmany other

genera and species in the family Enterobacteriaceae including

the exotic fish pathogen Edwardsiella ictaluri. The database

also contains aquatic species from the genera Flavobacterium and

Tenacibaculum (T. discolor and T. ovolyticum) but not the path-

ogenic species T. maritiumum, Flavobacterium columnare or

F. psychrophilum. Carnobacterium maltaromaticum, a cause

of pseudokidney disease in salmonids. Vagococcus fluvialis and

V. lutrae are present but not the pathogens V. salmoninarum

or Renibacterium salmoninarum. The database of 69 Streptococ-

cus species does not include the human and fish pathogen Strep-

tococcus iniae. Although MALDI-TOF identification of some

bacteria is very robust, it can be unreliable for certain genera such

as Vibrio and Aeromonas, and like all aspects of microbiology, the

microbiologist must be aware of the limitations. The recommen-

dation is for all unknown isolates to be tested in duplicate on the

target plate. For many of the Vibrio and Aeromonas species, the

same score can be obtained for duplicate spots (unpublished data)

and biochemical testing or specific PCRmust be done. The database

tends to be more robust for human pathogens or where there are

multiple strains in the database13; however, this will improve as

more strains are added.

Molecular identification of many aquatic pathogens can be prob-

lematic with published PCRs for specific pathogens often cross

reacting with closely related species (unpublished data). In the case

of Vibrio and Aeromonas species, clonal groups or clades within

these genera are so similar that at least seven housekeeping genes

must be sequenced and concatenated to determine phylogenetic

differences14,15. The advent of next generation sequencing tech-

nology is likely to overcome some identification problems, but at

present costs are high, data storage is problematic, and the volume

Figure 1. MALDI-TOF (Bruker Daltonics).
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of data generated requires significant time to process and analyse;

however, like all technology, these drawbacks will be minimised as

the technology advances.
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