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The value o  bacterial cultures to 
modern sh diseases microbiology
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Abstract
Although there is discussion over the value and need o  cultures in the era o  culture-independent 
techniques, it is apparent that viable bacterial cells are valuable to culture collections, and or a 
wide range o  biotechnological procedures, including vaccine production, and as probiotics. Yet, 
the value o  stock cultures, which may be years old, may be questioned as there is o ten li le rela-
tionship to reshly isolated cells, which are o ten smaller and have greater bioactive potential than 
their stored counterparts.
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Introduction
As microbiology moves into the twenty rst 
century, there is an argument simmering about 
the need or pure bacterial cultures; speci cally 
the discussion is ocusing on culture-independ-
ent versus culture-dependent approaches in 
microbiology. Clearly since the last decades o  
the twentieth century, there has been a move 
towards culture-independent techniques, par-
ticularly or disease diagnosis, as typi ed by 
the widespread use o  serology and molecular 
methods, which do not need intact, viable bacte-
rial cells. The advantage to these culture-inde-
pendent techniques is that the bacteria may be 
studied regardless o  whether or not they may 
be grown in the laboratory. Thus, pathogens 
may be identi ed directly in pathological mate-
rial without the need or time-consuming and 
o ten unsuccess ul culturing e orts. However 
in the case o  serology and molecular biology, 
it may be unclear whether the antigens and 
DNA, respectively, orm part o  an intact, viable 

(or non viable) cell or have the molecules been 
released into the environment, such as by cell 
autolysis. Could positive results indicate the 
presence o  active or non-active, dormant or 
senescent cells the relevance o  some o  these 
orms to sh pathology is questionable  Moreo-

ver, there may be con usion rom the molecular 
data about the precise location o  the cells and 
their role in the host. With the numerous publi-
cations appearing that describe the presence and 
even naming o  organisms as a result o  culture-
independent techniques, it is surely appropriate 
to question whether or not the bacterial culture 
is approaching a situation where it could be 
regarded as redundant super uous. Yet, cul-
tures still orm an integral part o  public and 
private culture collections, and are necessary or 
many biotechnological applications including 
their use in vaccines and probiotics (Table 1). 
Nevertheless as a bene t, culture-independent 
techniques generally enable rapid and accurate 
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disease diagnoses to occur. There ore rom the 
wide range o  serological and molecular tech-
niques that are currently available, the end 
user may be greeted with reliable in ormation, 
although the relevance o  an accurate diagnosis 
or the purposes o  disease control is not always 

straight orward. For example, is it necessary to 
distinguish between species o  motile aeromon-
ads when the disease is a haemorrhagic septi-
caemia  Does the knowledge that the pathogen 
was Aeromonas hydrophila makes disease control 
any di erent or easier than i  the diagnosis was 
o  A. sobria?

Historical perspectives
Since the late nineteenth century, microbiology 

has relied on the acquisition o  pure bacterial 
cultures, which have been central to the study o  
related areas, including taxonomy, ecology and 
pathology. The developments, which persist to 
the present day, include the development in 
the late nineteenth century o  the petri dish (by 
Julius Richard Petri, a German bacteriologist, 
who was an assistant o  the German micro-
biologist Robert Koch), agar as a gelling agar 
(a ributed to Angelina Hesse, who was the wi e 
o  Walther Hesse  another assistant o  Koch; 
she used agar in her jellies and puddings, and 
gave the idea to her husband during a picnic one 
summer when her desserts did not melt in the 
hot sun), and the pressure cooker = autoclave 
(invented in 1879 by the French microbiologist 

Table 1. The advantages and disadvantages o  culture-independent and culture-dependent ap-
proaches in bacterial sh pathology.

Technique Advantages Disadvantages
Culture-
independent

Permit rapid diagnosis

Usually extremely speci c

Usually very sensitive

Uncertain i  cells are intact or ragmented

Unclear i  cells are viable or non-viable

Unclear i  cells are active, dormant or 
senescent

Role in the host may be di cult to 
determine

Precise location o  the cells is unclear

Di cult to discern actual pathogen rom 
contaminant or secondary invader

Culture-
dependent

Use ul or re erence purposes

Use or biotechnology

Not all cells produce colonies on media

Relevance to cells in pathological material 
may be questioned

Cells may lose interesting traits on storage

Not all stored cultures may be success ully 
Resurrected
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Charles Chamberland, who worked with Louis 
Pasteur). The autoclave enabled bacteriological 
media to be sterilized, and there ore reed rom 
possible contamination. Agar, which is derived 
rom seaweed, replaced the use o  gelatin, which 

melted in warm temperatures and could be 
rapidly degraded by a wide range o  gelatinase-
producing micro-organisms. Previously, bacte-
rial cultures had been grown on potato slices, 
which had their own problems, including the 
observation that not all bacteria would grow 
on potato, and when they did grow there were 
major issues o  puri cation with the bacteria 
growing and developing an amorphous mess 
on the moist sur ace. So much or purity.

Non culturability
The conventional a itude has been that i  an 
organism does not grow in the laboratory 
then it is not viable or important, or does not 
exist. Moreover, the dogma is that the culture 
is representative o  the organism in its natural 
environment, and is somehow stable during its 
period (maybe measured in years) in the labo-
ratory. The rst assumption that culturability 
was akin to viability was challenged by Xu et al. 
(1982), who observed intact, viable cells o  the 
human pathogen, Vibrio cholerae, in the absence 
o  culturability on media normally used or the 
isolation and maintenance o  the pathogen. 
The concept o  viable but non-culturable cells 
(VBNC) was established (eg Wol  and Oliver, 
1992). However, this work was not immediately 
accepted, although there is a widespread view 
that not all viable bacterial cells will produce 
colonies on appropriate media normally used 
or their culture. The rst example o  the VBNC 

state or a sh pathogen was described or Ae-
romonas salmonicida (Allen-Austin et al., 1984; 
E endi and Austin, 1991). 

Culturing bacteria
Any respectable microbiology laboratory 
should have access to a range o  agar plates 
and/or broth media. The inoculum is introduced 
onto/into the medium usually by means o  an 
inoculating loop or by a co on-tipped swab, and 
spread over the sur ace o  the solid medium, 
with incubation at a speci ed temperature or 
one or more days. Essentially, the procedure is 
not so dissimilar to that developed in Robert 
Koch’s laboratory in the nineteenth century, 

It should be borne in mind that it has been 
reported that pre-incubation in broth leads to 
be er recovery than direct plating onto agar-
containing medium (Olson, 1978). An explana-
tion is that damaged/dormant cells are allowed 
to recover, and become active during incubation 
in the broth. So, it has been recognized that not 
all cells will readily grow on solid media. Cer-
tainly, the aim o  culturing on solid medium is 
to achieve well-isolated bacterial cells that will 
multiply by binary ssion to develop clearly 
visible colonies. The assumption is that a single 
bacterial cell multiplies to produce a single 
colony, which contains a homogeneous popu-
lation, i.e. clones o  the original cell whereby 
every one is identical. This may be challenged 
by the notion that cells may mutate, swap and/or 
share genes (eg Pennisi, 2002). To demonstrate 
this, a single colony with a speci c demon-
strable trait, eg elastin degradation, may be 
suspended in diluent (such as 0.9% w/v saline), 
diluted, and inocula spread over the sur ace 
o  an appropriate selective medium (elastin 
agar in this example). With incubation, it is 
o ten revealing to observe what proportion o  
the subsequent growth has the demonstrable 
trait  there are likely to be negatives as well as 
positives observed, indicating a lack o  homo-
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geneity among the cells in the original colony. 
The other issue is the relationship o  cultured 
cells to those in the environment rom which 
isolation occurred. For example, cells may be 
noticeably bigger in the laboratory than their 
counterparts in the natural (especially marine) 
environment (Torrella and Morita, 1981). All too 
o ten traits are lost on subculture, e.g. the ability 
to erment sugars, such as lactose (Zamenho  
and Eichhorn, 1967; Koskiniemi et al., 2012) 
although whether this re ects the loss o  DNA 
by gene deletion or rom plasmids and bacte-
riophages, or the switching o  o  speci c genes 
is unclear. Another possibility is that cells that 
are be er suited or growth on the laboratory 
medium outgrow/outcompete those with the 
original demonstrable characteristics there ore 
e ectively diluting out the original cells, i.e. 
establishing what are e ectively laboratory 
cultures that have li le resemblance to those 
o  the original habitat.

I  an average bacterial cell growing on labora-
tory medium is 3 μm in length and a typical 
colony is 3 mm in diameter (this would be 
1:1000 size di erential) then there must be a 
realistic possibility that more than one bacte-
rium could be in the vicinity occupied by the 
visible colony. Then, this begs the question 
about what happens to any other cells in the 
area that is now occupied by the colony, i.e. 
there has to be a possibility that a single colony 
could have the progeny rom more than one 
cell  Maybe the resultant colony would appear 
to be mixed, but equally i  the original cells are 
closely related then the outcome could be a pure 
looking colony, which i  subbed and re-subbed 
could still contain a mixed population o  cells. It 
may well be that o  the original cells, some could 
be dormant or produce only limited growth, 

and there ore contribute li le to the population 
in the developing colony. Furthermore, it may 
be anticipated that not all the cells inoculated 
onto a medium will grow. These cells could 
remain inactive whereas others may undergo 
limited growth, developing micro-colonies that 
would not be readily seen with the naked eye. 
It is unclear i  these cells are slower growing 
or whether they are incapable o  producing 
the more conventional bigger colonies. (it is 
pertinent to ask why should cells multiply, and 
pile up on each other to orm visible colonies 
so convenient to the work o  the microbiolo-
gist  colonies on laboratory media are surely 
unnatural and do not represent the true nature 
o  the bacteria). Consequently, i  the microbiolo-
gist is seeking colonies to be puri ed to orm 
a pure culture then a bias would occur inso ar 
as micro-colonies would be missed. Another 
bias concerns which macro-colonies become 
the ocus o  a ention during the puri cation 
process. Does one take an inoculum rom a 
group o  colonies or select one representative  
colony or puri cation  This begs the question 
about what constitutes a representative colony. 
Maybe a random system would remove bias 
but depending on the amount o  the growth on 
the agar plate this might be di cult to achieve 
meaning ully. It is personal experience that the 
microbiologist may well select colonies  pos-
sibility unintentionally  according to a personal 
pre erence, e.g. texture, shape and colour; the 
decision o  which may have implications in 
subsequent studies. Once the pure culture is 
obtained, it is necessary to arrange long-term 
storage using a variety o  techniques, including 
lyophilization and cryopreservation at -70 or 
-80oC in cryopreservant, e.g. 15-20% v/v glyc-
erol. Maintenance on agar slopes at room tem-
perature is not tantamount to the retention o  the 
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culture in its original state, and bioactivity may 
be quickly lost. Long-term storage should be 
arranged as soon as possible a ter isolation and 
puri cation to have a be er chance o  maintain-
ing the culture in an original orm as possible. 
This is especially important i  the culture has 
an interesting eature, such as pathogenicity or 
antibiotic production. Maintaining the culture 
in a situation likely to maintain the interesting 
trait is essential. A topical example would be 
keeping a cellulose-degrader in the presence 
o  cellulose. However, it is personal experi-
ence that all too o ten long-term cultures have 
lost the bio-activity with which they were rst 
credited (eg pathogenicity), maybe re ecting 
the resuscitation o  cells that avour the growth 
conditions rather than the environment and trait 
with which they were rst recovered.

Culturing  sh pathology
Fish pathology is no exception inso ar as one o  
the goals o  disease diagnostics and research is 
the acquisition o  pure cultures o  the pathogen. 
The basic premise is that pathological material 
may be inoculated onto a solid or into a liquid 
medium with incubation at some speci ed tem-
perature or a pre-determined interval when 
individual cells o  the pathogen will be cloned 
into dense culture growth, which will then 
be subjected to urther study. However, the 
range o  media used by sh bacteriologists is 
restricted and generally lack imagination, o ten 
centering on protein, carbohydrate and mineral 
salts - tryptone soya agar (TSA)/broth, brain 
heart in usion agar/broth and/or marine equiva-
lents (Austin and Austin, 2012). True, some 
rich media have been designed or astidious 
pathogens, such or Renibacterium salmoninarum 
and Mycobacterium, with the ormer containing 
oetal cal  serum and cysteine (Evelyn, 1977), 

and the la er resh egg, potato starch, glycerol 
and asparagine in the case o  L wenstein-Jensen 
medium (Austin and Austin, 2012). Other media 
may be supplemented with blood (typically 
5-7.5% v/v horse or sheep; Austin and Austin, 
2012). Also, there are dilute media  in terms 
o  ingredient concentration, which are suitable 
or avobacteria, e.g. cytophaga agar (Anacker 

and Ordal, 1959). Moreover, the incubation 
regimes that are o ten adopted may have li le 
relevance to the growth conditions o  the sh in 
aquaculture. It is surprising how many labora-
tories rely on 37oC incubators regardless o  the 
temperature at which the aquatic animal was 
reared. As a sweeping generalization, culturing 
methods bare li le relationship to the conditions 
in the environment rom which the cells were 
recovered. However, the desired outcome is 
the presence o  dense virtually pure growth, 
which is taken as indicative o  recovery o  the 
pathogen. Un ortunately at best, a snap shot 
o  the disease is obtained, and it may not be 
possible to decide i  only one organism insti-
gated the in ection, and then contributed to 
the development o  overt disease signs. Is the 
culture representative o  the actual pathogen 
or could it be a contaminant or a saprophyte 
growing on already damaged tissue  Moreover, 
it is unlikely that culturing on a single occasion 
would identi y microbial population succession 
within a disease cycle. Also, conventional tech-
niques are unlikely to recognize when two or 
more discrete organisms work synergistically 
or sequentially to produce a single pathology. 
This situation has been observed with ulcera-
tive conditions in cyprinids when A. salmonicida 
and A. hydrophila/A. sobria/A. bestiarum may be 
involved together, with the ormer instigating 
in ection, and the la er leading to the develop-
ing o  large ulcers (eg Robertson et al., 2005). 



Bull. Eur. Ass. Fish Pathol., 36(1) 2016, 7

Recovery o  comparatively ast growing organ-
isms may well mask astidious (eg R. salmoninar-

or Chlamydia), slow growing 
(eg Mycobacterium) or other organisms that or 
whatever reason are incapable o  growing in 
laboratory conditions. Examples o  organisms 
which have never been cultured include ‘Candi-
datus’, o  which many ‘species’ have now been 
described, with the studies ocused on histology 
and molecular methods, principally sequenc-
ing o  the partial 16S rRNA gene, which has 
suggested relationships with the Chlamydiaceae 
(Austin and Austin, 2012). There are descrip-
tion o  multiple species, including ‘Candidatus 
Arthromitus’, ‘Candidatus Clavochlamydia Sal-
monicola’, ‘Candidatus Syngnamydia Venezia’, 
Candidatus Similichlamydia latridicola’ and 
‘Candidatus Piscichlamydia salmonis’, which are 
associated with epitheliocystis/gastro-enteritis 
in salmonids in Europe and North America (eg 
Austin and Austin, 2012; Stride et al., 2014). How 
many more examples are awaiting recognition  
(how many times have other organisms, eg 
saprophytes/secondary invaders, been blamed 
or a pathological condition ). It is speculative i  

part o  the answer or the lack o  culturability o  
some marine pathogenic bacteria could re ect 
lack o  suitable osmotic support, i.e. could cells 
be more osmotically ragile than realized

Osmotically fragile cells
Some work has indicated that osmotically 
ragile cells (= sphaeroplasts; L orms) o  sh 

pathogens may exist in pathological material, 
and require special media, such as contain-
ing serum and sucrose, or osmotic support 
and growth. Thus, A. salmonicida and Yersinia 
ruckeri (McIntosh and Austin, 1990), Lactococ-
cus garvieae (Schmidtke and Carson, 1999) and 
possibly R. salmoninarum (Hirvelä-Koski et al., 

2006) L- orms have been recognized. Clearly, 
such ragile organisms would be missed by 
conventional culturing methods.

How pure are pure cultures?
Although it is generally assumed that streak-
ing and re-streaking on resh media will puri y 
any culture, there is evidence or microbial 
consortia interacting to orm what appear to 
be single pure cultures. Thus, seemingly pure 
cultures o  purple-pigmented aquatic bacteria 
were isolated rom a reshwater lake sediment, 
and later recognized to contain cells o  A. sal-
monicida (Austin et al., 1998). With this case, 
the purple pigmented bacteria were stored on 
slopes o  TSA at 4oC, senesced and became non-
viable when 4-weeks later, colonies producing 
brown di usible pigment were observed to 
be extending into the agar sur ace, and con-

rmed to be a non pathogenic, smooth isolate 
o  A. salmonicida (Austin et al, 1998). Was this 
a simple case o  contamination or was it akin 
to the notion o  a co-culture whereby the two 
organisms were existing side by side in the sedi-
ment. There is anecdotal evidence that a similar 
relationship between A. salmicida and purple-
pigmented bacteria has been seen elsewhere. 
This begs the question about how many other 
cases o  supposedly pure bacterial cultures are 
co-cultures, which harbour other organisms  
(contaminants ).

Anaerobes and microaerophiles
Another issue re ects the dominance o  aerobic 
incubation regimes, and the comparative lack 
o  interest in the possibility o  anaerobic or 
microaerophilic pathogens. Certainly, two 
anaerobic bacterial sh pathogens have been 
recognized, namely Clostridium botulinum and 
Eubacterium tarantellae (Austin and Austin, 2012). 
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The ormer has been associated with botulism 
in rainbow trout (Huss and Eskilden; 1974; 
Cann and Taylor, 1982; 1984) and coho salmon 
(Eklund et al., 1982), and a condition re erred 
to as visceral toxicosis in cat sh (Gaunt et al., 
2007; Khoo et al., 2011). How many other an-
aerobic or microaerophilic bacterial pathogens 
await discovery, and could such organisms 
be masked by aerobic saprophytes/secondary 
invaders/contaminants

The relevance of stock cultures
It is questionable whether stock cultures, i.e. 
those that have been maintained or a number 
o  years, provide use ul in ormation about the 
biology o  the bacterial species, inso ar as there 
may be a mismatch between the properties o  
the stored culture compared with resh isolates. 
With 100 cultures o  V. harveyi, which were ini-
tially regarded as pathogenic to sh or shell sh 
on primary isolation, only two isolates were 
markedly virulent a ter several years (Zhang 
and Austin, 2000). Here, virulence was associ-
ated with possession o  double haemolysin 
genes (Zhang et al., 2001). In addition, virulence 
has been linked to bacteriophage (Oakey and 
Owens, 2000; Austin et al., 2003) and bacteriocin-
like substances (BLIS; Prasad et al., 2005). V. 
harveyi myovirus like (VHML) bacteriophage 
enhanced virulence o  the pathogen to Atlan-
tic salmon and enhanced haemolytic activity 
(Austin et al., 2003). Also, there was evidence 
that in ection o  V. harveyi with VHML led to 
a return to virulence o  sh and invertebrates 
(Austin et al., 2003). There ore, caution is needed 
be ore drawing any conclusions rom the use 
o  stored cultures.

Conclusions
It is argued that culturing has an important role 

in modern microbiology. However:
 Methods select those bacterial cells best 

suited or li e in the laboratory (and this 
leads to laboratory cultures)

 With time, the relevance o  laboratory cul-
tures to their counterparts in diseased sh/
the natural environment is questionable.

 Cells that are more suited to laboratory 
media may well outcompete those with the 
ability to cause disease in aquatic animals.

 More needs to be done to preserve the 
eatures o  the original bacterial cells. This 

could involve maintaining the cells in a 
condition as close to the micro-habitat rom 
which the cells were obtained as possible.

 It is certainly necessary to question the rel-
evance o  laboratory cultures to the biology 
o  the bacterial species. For example, what 
do the data rom laboratory-based patho-
genicity or ecology experiments actually 
mean in terms o  explaining the role o  a 
given bacterial species  
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