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INTRODUCTION

Streptococcal diseases have been reported world-
wide in wild and farmed populations of diverse fresh-
water and marine fish (Austin & Austin 1993, Kusuda &
Salati 1993). In 1993, there was an important epizootic
outbreak of streptococcosis in turbot Scophthalmus
maximus cultured in Galicia (NW Spain) that was ini-
tially thought to be caused by an Enterococcus species-
like bacterium (Toranzo et al. 1994). From 1993 to
1996, the disease was the main limiting factor of the
turbot culture in Spain (Toranzo et al. 1995, Romalde et
al. 1996). Characterization studies, including pheno-
typic, serological and genetical aspects, have been car-

ried out showing a great homogeneity of the isolates
regardless of their farm and year of isolation (Toranzo
et al. 1994, 1995, Romalde et al. 1999a). Further studies
of the 16S rRNA genes demonstrated that these fish
isolates belonged to the species Streptococcus parau-
beris, a recognized pathogen of mammals (Domenech
et al. 1996). Preventive measures, based on the
employment of a bacterin developed in our laboratory
(Romalde et al. 1999b), allow the control of the disease.
However, streptococcosis seems to be endemic in some
turbot farms, posing a putative danger of new out-
breaks. Although some studies have been performed
regarding the possible routes of infection in cultured
turbot (Toranzo et al. 1994, Romalde et al. 1996), little
is known about the behavior of the strains in the
aquatic environment or the possible role of water or
sediments as reservoirs of the disease.
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ABSTRACT: The fate of Streptococcus parauberis in seawater and sediment microcosms at different
temperatures (6 and 22°C) was investigated by comparing the survival dynamics of 2 strains of this
bacterial species, isolated respectively from diseased turbot and cattle. The turbot and the bovine iso-
late showed similar survival kinetics, remaining culturable for approximately 1 mo in water and 6 mo
in sediment. A slight influence of temperature on the stability of the cells was observed, in that the
number of culturable cells was about 1 log10 unit higher at 6 than at 22°C. During the starvation
period, the metabolic activity of the cells, after suffering a strong reduction during the first 12 d, sta-
bilized at levels ranging from 20 to 40% of the initial values. However, in all the microcosms, the acri-
dine orange (AO) and 4’,6-diamidino-2-phenilindole (DAPI) counts remained at about 105 cells ml–1

throughout the experimental period, even when cells became undetectable by standard plate count
methods. The addition of fresh medium to microcosms containing nonculturable cells induced the
return to culturability of S. parauberis strains. On the basis of these results, it seems that S. parauberis
has the ability to enter into a viable but nonculturable (VBNC) state. Dormant cells of the turbot
isolate maintained their infectivity and pathogenic potential for fish.
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Many bacteria, including a number of fish patho-
gens, are able to survive for a long time under condi-
tions of starvation in the aquatic environment (Oliver
et al. 1991, Magariños et al. 1994, 1997, Romalde et al.
1994). During this time, they may enter a ‘dormant’ or
viable but nonculturable (VBNC) state, in which nei-
ther plating onto solid media nor inoculation into liquid
media reveals the presence of viable cells (Roszak &
Colwell 1987, Oliver et al. 1991, 1995). It has been
shown that some environmental parameters, like tem-
perature, pH or aeration, can induce bacteria to enter
into the VBNC state (Oliver et al. 1991, 1995, Colwell
2000). Among the cell changes reported for VBNC
state are reduction in size, altered surface hydropho-
bicity, differences in protein and plasmid profiles, and
variations in random amplified polymorphic DNA
(RAPD) patterns (Nyström et al. 1992, Magariños et al.
1994, Warner & Oliver 1998).

Although VBNC bacterial cells do not form colonies
when plated on culture medium, their direct micro-
scopic counts are constant and they maintain viability.
This means that it is necessary to work with other
methods to test the presence of these bacteria in
aquatic environments (Morgan & Winstanley 1996,
Colwell 2000). Epifluorescence microscopy, using fluo-
rescent labeled antibodies, combined use of propidium
iodide and molecular probes, and amplification of bac-
terial mRNA by reverse transcription polymerase chain
reaction (RT-PCR) procedures (Warner & Oliver 1998,
Williams et al. 1998, Lleó et al. 2000) are some of the
methods recently employed to detect VBNC cells in
the environment. The ability of VBNC bacteria to
resume their growth capacity when returning to opti-
mal conditions seems to be variable among species
(Roszak & Colwell 1987), although some recent studies
indicate that there is a threshold beyond which recu-
peration is no longer possible (Lleó et al. 1998, Colwell
2000). The VBNC state is now considered a survival
strategy common to numerous bacterial species (Col-
well & Grimes 2000).

Another crucial point regarding the VBNC state,
especially important in the case of bacterial fish
pathogens, is the maintenance of their pathogenic
potential during dormancy. This fact has been demon-
strated for some Gram-negative fish pathogens such as
Photobacterium damselae subsp. piscicida and Yersi-
nia ruckeri (Magariños et al. 1994, Romalde et al.
1994). Therefore, the VBNC state constitutes a poten-
tial risk for fish farms, since even an environment that
appears free of pathogens by means of direct plate
counts can harbor a high number of infective bacteria
in water and sediment in a nonculturable phase, which
may result in new outbreaks.

In the present study, the behavior of cells of Strepto-
coccus parauberis in the marine environment under

starvation conditions was evaluated. Their ability to
enter and recuperate from a VBNC state, and the
maintenance of virulence during dormancy were
examined.

MATERIALS AND METHODS

Bacterial strains and preparation of the micro-
cosms. For this study, the isolate RA-99.1 of Strepto-
coccus parauberis, recovered in 1993 from diseased
turbot in our laboratory, was chosen as the representa-
tive strain since, as previously described (Toranzo et al.
1994, 1995), all the fish isolates show a high pheno-
typic and genetic homogeneity. Reference strain S.
parauberis NCDO 2020, isolated from cattle in 1995,
was included in all the experiments for comparative
purposes. The phenotypic and serological characteris-
tics of the isolates have been described elsewhere
(Toranzo et al. 1994, 1995).

The survival assays were conducted in seawater
(salinity 27.5‰) and sediment (taken from Ría de Pon-
tevedra, Galicia, NW Spain), which were transported
in cold storage containers and kept at 4°C until use
(within 48 h). Water was filtered through 0.2 µm pore-
size membranes (Millipore), and sediment was auto-
claved at 120°C for 30 min. The experimental assays
were conducted in Erlenmeyer flasks. Water micro-
cosms contained 200 ml of water, and sediment micro-
cosms contained 160 g of sediment and 40 ml of water.
Flasks were incubated in the dark on a rotary shaker at
2 different temperatures, 6 and 22°C, which corre-
spond to the minimal and maximal temperatures
scored in the NW Spain coastal waters. Therefore, a
total of 8 microcosms were prepared in duplicate to be
included in the survival study.

To obtain the bacterial inocula, the strains were
grown on tryptone soy agar (TSA; Difco Laboratories)
supplemented with 1% (w/v) NaCl (TSA-1) at 22°C for
48 h. Cultures of each strain were resuspended in
phosphate buffered saline (PBS; pH 7.4) to achieve an
initial bacterial concentration in the microcosms of
approximately 105 cells ml–1.

Direct plate counts. To determine the culturability of
cells in each microcosm, samples of 0.5 ml were taken
every 2 d from water microcosms and every 4 d from
sediment microcosms. Samples were serially diluted in
PBS, plated on TSA-1 plates and incubated for 2 d at
22°C. Since many copiotropic microorganisms are sen-
sitive to rich media after undergoing nutrient starva-
tion, all samples were inoculated in parallel onto 1/10
diluted TSA-1. Once the direct plate counts were neg-
ative, samples of 1 ml were taken directly from the
microcosms at later timepoints and were seeded onto
TSA-1 and diluted TSA-1. If culturable bacteria could
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not be recovered under these conditions, samples of
100 ml (water) or 20 ml (sediment) were then filtered
through a 0.22 µm filter (Alvet) and filters were incu-
bated onto TSA-1 plates for 2 d at 22°C.

Epifluorescence microscopy and metabolic activity.
The number of total bacteria was evaluated by epifluo-
rescence microscopy employing 4’,6-diamidino-2-phe-
nilindole (DAPI; Sigma) and acridine orange (AO;
Sigma)( Porter & Fieg 1980, Hoff 1989). Samples, taken
every 10 d, were fixed with formalin, diluted and
stained with AO (final concentration 1 µg ml–1) or DAPI
(final concentration 0.1 µg ml–1). All solutions were
sterilized by filtration. After 7 min incubation, samples
were filtered onto 0.22 µm black Nuclepore filters
(GTBP filtertype; Nuclepore). The prepared filters
were observed for total cell counts. At least 10 fields
from each filter were counted.

The metabolic activity of the cells in the different
microcosms was determined by measuring the absor-
bance at 600 mm (A600) with 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT; Sigma
Chemical) (Magariños et al. 1994). This method is
based on the reduction of the compound MTT by the
bacterial dehydrogenases in direct proportion to the
number of viable cells. The results were expressed as
the percentage of the remaining respiratory activity,
taking as 100% the value at zero time.

Analysis of cellular changes. The possible morpho-
logical, size and serological changes of the strains after
entering into the VBNC state were analyzed. Dormant
cells were recovered by centrifugation of 10 ml
aliquots of each microcosm, 3, 9, 16 and 20 wk after
reaching the VBNC phase. The pellets were washed
several times with sterile seawater, resuspended in
100 µl of saline solution (SS; 0.85% NaCl) and
employed for the different assays. Morphological and
size variations between culturable and nonculturable
cells were evaluated microscopically using micromet-
ric measures. Serological changes of the dormant
Streptococcus parauberis isolates were analyzed by a
slide agglutination and microagglutination tests using
whole cells and their respective antisera raised in New
Zealand rabbits (Toranzo et al. 1995).

Virulence for fish. Sixteen weeks after entering the
VBNC phase, dormant cells of both strains, the turbot
isolate RA-99.1 and the cattle isolate NCDO 2020,
were obtained from the water microcosms maintained
at 6°C by centrifugation of 40 ml aliquots at 10000 × g
for 20 min. The pellets were washed with 1 ml SS, cen-
trifuged at 10000 × g for 15 min and resuspended in
1 ml sterile SS. Bacterial cell concentration was calcu-
lated on the basis of the DAPI counts and adjusted to
the appropriate concentration, and then 0.1 ml was
injected intraperitoneally into groups of 10 turbot (5 g
average weight), which were maintained at 18 to 20°C

with aeration (Magariños et al. 1994). In parallel, the
original strains, which were maintained frozen in tryp-
tone soy broth supplemented with 1% NaCl (TSB-1)
supplemented with 15% glycerol, were inoculated as
positive control. Culturable and nonculturable cells
were inoculated at a concentration of 3 × 104 cells
fish–1, which is slightly higher than the dose at which it
kills 50% of the population (LD50; 5 × 103 cells fish–1)
(Romalde et al. 1996). Formalin-killed cells from cul-
turable strain RA-99.1 and SS were used as a negative
control. The dead fish were examined bacteriologically
to reisolate the inoculated strains from the kidney by
streaking samples directly onto TSA-1 plates.

Resuscitation conditions. In order to evaluate the
reactivation ability of the Streptococcus parauberis
strains at the end of the experimental period (Day 180),
TSB-1 (Difco) was added to each water microcosm in a
proportion 1:10 (v/v). Flasks were incubated at 6 and
22°C as described above. After 8, 24 and 48 h samples
were withdrawn, spread onto TSA-1 plates and incu-
bated at 22°C to confirm the absence or presence of
bacteria.

To determine the effects of different inhibitors on
Streptococcus parauberis cell resuscitation, a protein
synthesis inhibitor (chloramphenicol; Oxoid; final con-
centration 100 µg ml–1) and a peptidoglycan synthesis
inhibitor (ampicillin; Oxoid; 100 µg ml–1) were added
to the samples 0, 8, and 24 h after the strains had been
resuscitated by the addition of fresh medium (as
described above). The effects of these inhibitors were
monitored by plate counts. The 2 inhibitors were
selected on the basis of the results of a previous study
(Toranzo et al. 1994), where culturable cells of both
strains proved to be sensitive to the selected chemo-
therapeutic agents.

RESULTS

Survival in the microcosms and evidence 
of dormancy

The results obtained in the bacterial counts for the
different microcosms reflected similar survival dynam-
ics for the 2 strains regardless of their origin, being per-
sistent for approximately 1 mo in water and 6 mo in
sediment (Figs. 1 & 2). A gradual decrease in bacterial
numbers to undetectable levels was observed for all
the water microcosms during the first 36 d, with the
exception of the turbot isolate RA-99.1 at 22°C, where
the bacterial counts increased (by 1 log10 unit) within
the first 48 h (data not shown). The turbot isolate
showed a slightly higher persistence in water during
the first 36 d of starvation than the bovine isolate, with
differences in the number of colony forming units
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Fig. 1. Survival of Streptococcus parauberis in seawater. (A) Strain RA-99.1 at 6°C; (B) strain RA-99.1 at 22°C; (C) strain NCDO
2020 at 6°C; and (D) strain NCDO 2020 at 22°C. (–+–) Direct plate counts; (– –) acridine orange (AO) counts; (––) 4’,6-
diamidino-2-phenilindole (DAPI) counts; (ss–ss–ss) metabolic activity. Arrows indicate colony forming unit (CFU) numbers below 

the detection limit of plating method

Fig. 2. Survival of Streptococcus parauberis in marine sediment. (A) Strain RA-99.1 at 6°C; (B) strain RA-99.1 at 22°C; (C) strain 
NCDO 2020 at 6°C; and (D) strain NCDO 2020 at 22°C. See Fig. 1 for symbol definitions
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(CFU) reaching in some cases 1 log10 unit. In the sedi-
ment microcosms (Fig. 2), a survival of about 180 d was
obtained for the 2 strains at both temperatures. While
strain RA-99.1 almost maintained the initial levels (105

CFU ml–1) for 60 d, bacterial counts of strain NCDO
2020 declined from the beginning of the experiment.
Differences in CFU numbers between strains were
more evident in sediment than in water, since counts
for isolate RA-99.1 were up to 2 log10 units higher than
for strain NCDO 2020 (Fig. 2). A clear influence of tem-
perature on the survival of the strains was detected,
and was more pronounced during the final stages of
the experimental period. Thus, CFU were up to 1 log10

unit higher in the microcosms of the bovine isolate
maintained at 6°C than those at 22°C. In addition, plate
counts obtained using a low nutrient medium (1/10

diluted TSA-1) were similar throughout the experi-
ment to those detected in a rich medium (TSA-1),
regardless of the type of microcosm (water or sedi-
ment) and the temperature (6 or 22°C) (data not
shown).

Total bacterial numbers were analyzed by epifluores-
cence microscopy employing 2 different stains, DAPI
and AO. In these assays it was found that, after a little
increase in the counts in some of the cases, the total
counts remained nearly constant during the experi-
mental period, at values of approximately 105 to 106

bacteria ml–1, even when the number of culturable cells
declined to levels below the detection limit (Figs. 1 & 2).
Similar results were achieved for each microcosm with
both AO and DAPI staining for both strains.

To demonstrate cell viability, metabolic activity was
measured by evaluating respiratory rates. In all cases,
respiratory activity was maintained at about 25% of
initial values, even though culturable bacteria were
below the limit of detection by the direct plate proce-
dure (Figs. 1 & 2). Metabolic rates were initially higher
in sediment than in water, and at 6 than at 22°C.

Return to culturability and effect of inhibitors on
resuscitation

Dormant cells of RA-99.1 could be induced to return
to a culturable state by addition of fresh medium to the
microcosms 20 wk after their entry into the VBNC
state. Cells were fully resuscitated 24 h after the addi-
tion of fresh TSB-1 to the microcosms (Fig. 3), reaching
CFU values similar to those of the initial inoculum
(approximately 105 bacteria ml–1) and the same level of
metabolic activity as before starvation. Similar results
were obtained for the bovine strain NCDO 2020 (data
not shown).

When chloramphenicol, a protein synthesis inhibitor,
was added immediately after the incorporation of fresh

medium, the resuscitation process was completely
inhibited, not allowing the recovery of culturable cells
within 48 h. The addition of ampicillin, a peptido-
glycan synthesis inhibitor, did not affect the resuscita-
tion process, with a kinetic of return to culturability
similar to those achieved without addition of inhibitors
(Fig. 3). Similar results were obtained when inhibitors
were administered 8 h after the addition of fresh
medium. No inhibitory effects were observed when
antibiotics were added 24 or 48 h after the beginning of
resuscitation (data not shown).

Virulence assays

Challenge experiments demonstrated that the non-
culturable cells of the Streptococcus parauberis strain
RA-99.1 obtained from the water microcosm 16 wk
after entering the VBNC state maintained their path-
ogenic capacity for turbot at levels similar to those of
the original culturable strain (positive control).
Although in both cases all fish died, a delay in the
appearance of the first deaths was observed for fish
inoculated with the VBNC cells. Thus, mortalities
began 10 d after inoculation of nonculturable cells
instead of 4 d after injection of culturable S.
parauberis (Fig. 4). Inoculated strains were always
reisolated in pure culture from the internal organs of
all dead fish. On the other hand, no specific mortali-
ties were scored in the fish inoculated with the cul-
turable or nonculturable cells of the bovine isolate,
for 21 d after challenge (Fig. 4). No mortalities were
recorded in fish injected with killed cells from S.
parauberis or in fish inoculated with SS.
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Fig. 3. Effects of the different inhibitors on the resuscitation
process of strain RA-99.1 of Streptococcus parauberis. (ss–ss–ss)
Control cells with no inhibitors added; (––) addition of ampi-
cillin and (– – –) chloramphenicol immediately after the
incorporation of fresh medium. Arrows indicate CFU numbers 

below the detection limit of plating method
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Phenotypic and serological changes in the 
dormant cells

No detectable changes in cell morphology and size
were observed using light microscopy for the dormant
cells of Streptococcus parauberis when compared with
the culturable cells. Both appeared as ovoid cocci
about 1 µm in diameter. Serological assays demon-
strated that dormant cells of S. parauberis were anti-
genically similar to the culturable cells, since a strong
agglutination was observed for each strain with its
homologous antiserum. In addition, similar agglutina-
tion titers of 1024 (expressed as the reciprocal of the
highest dilution of antiserum that yielded a positive
reaction) were obtained in the microagglutination
assays for the original and dormant strains.

DISCUSSION

Streptococcus parauberis, classically known as an
etiological agent of mastitis in cattle, was responsible
for important disease outbreaks in turbot cultured in
the north of Spain between 1993 and 1996 (Toranzo et
al. 1994, 1995, Domenech et al. 1996, Romalde et al.
1996). Vaccination allowed for control of this disease
(Romalde et al. 1999a), although fish streptococcosis
continues to be endemic in some turbot farms, which

constitutes a potential danger for new outbreaks of the
disease (Romalde et al. 1999b). In addition, since the
main transmission route of the pathogen is horizontal
(Romalde et al. 1996), through the water or by direct
contact with infected fish, it is important to determine
the possible role of the marine environment as a reser-
voir of the disease.

In this study we have found that the Streptococcus
parauberis strains are able to survive in a culturable
state for 1 mo in seawater and 6 mo in marine sediment
under experimental conditions. On the other hand,
when bacterial numbers were below the detection
limit by the plate count method, the AO and DAPI
counts remained at very high levels (105 cells ml–1,
average value) and metabolic activity persisted at a
lower rate. Although it has been reported that AO
staining may not differentiate between highly active
and dead cells (both stained orange) (Colwell &
Grimes 2000), the possibility of finding highly active
cells in the water and sediment microcosms is almost
null, so this problem can be ignored. In addition, the
DAPI procedure, which stains only live cells, rendered
the same results as the AO method. Therefore, the
analysis of the results obtained by the different meth-
ods indicates that S. parauberis enters into a dormant
or somnicell phase under starvation conditions in sea-
water. Similar findings were reported for other fish
pathogens such as Vibrio anguillarum, V. salmonicida
(Hoff 1989) and Yersinia ruckeri (Romalde et al. 1994),
but in contrast to S. parauberis, all of them are Gram-
negative bacteria. To our knowledge few studies of the
VBNC state have been reported for Gram-positive
microorganisms, although Enterococcus faecalis was
recently shown to enter into the VBNC state in the
aquatic environment (Lleó et al. 1998, 2000).

On the other hand, the VBNC cells of the 2 Strepto-
coccus parauberis strains showed the capacity to
respond rapidly to nutrient addition by returning to a
culturable state, which indicated that although the
cells may exist in a dormant state, they are capable of
resuming active growth (resuscitation) when nutrient
conditions are favorable. Twenty four hours after the
addition of fresh medium to the microcosms, we
observed that the culturable counts reached those of
the initial inocula.

It has been reported that cell phenotypical and phys-
iological adjustments are needed for survival when
bacteria become exposed to starvation conditions in
the aquatic environment (Östling et al. 1993). These
adjustments are more evident when bacteria enter a
VBNC state. Among the reported cell changes occur-
ring during the dormant phase are a decrease in size,
morphology transformation (from rod-shaped to coc-
coid forms), degradation of endogenous material,
quantitative and qualitative changes in protein and
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Fig. 4. Cumulative specific mortality observed in the different
fish groups inoculated with the culturable and nonculturable
forms of the turbot and bovine isolates of Streptococcus
parauberis. (––) culturable turbot isolate; (– – –) noncultur-
able turbot isolate; (j j j) culturable bovine isolate; (d d d) non-

culturable bovine isolate



Currás et al.: Survival of Streptococcus parauberis in the marine environment

fatty acid content, cell wall modifications and variation
in the RAPD profiles (Linder & Oliver 1989, Nyström et
al. 1990, 1992, Östling et al. 1993, Warner & Oliver
1998, Lleó et al. 2000). The reverse changes, including
synthesis of proteins characteristic of the culturable
state and recovery of typical morphology, take place in
the process of resumption of growth. In our study, no
size or morphology changes were observed by light
microscopy during the nonculturable phase. In the
analysis of the effect of inhibitors on the cell reactiva-
tion from the VBNC state, a complete inhibition was
observed when chloramphenicol was added to reacti-
vated bacteria. However, no effect of ampicillin was
detected. These results indicate that active protein but
not peptidoglycan synthesis occurs during resuscita-
tion, which match with the absence of size or morphol-
ogy changes observed by light microscopy during
the nonculturable phase. Moreover, these findings
strongly support the resuscitation hypothesis instead of
the overgrowth of rare culturable cells, since the latter
would require the synthesis of new cell walls and
therefore peptidoglycan.

The maintenance of virulence during the VBNC
state is a matter of controversy. It has been demon-
strated that a number of bacterial pathogens retain vir-
ulence capacities during dormancy (Magariños et al.
1994, Romalde et al. 1994, Huq et al. 2000). Reports are
less frequent describing pathogenic bacteria that lose
their infectivity when they enter in the VBNC state
(Rose et al. 1990, Forsman et al. 2000). The virulence
assays performed in the present work demonstrated
that the loss of culturability of the turbot isolate of
Streptococcus parauberis does not imply the disap-
pearance of its infective potential, since nonculturable
cells were able to kill turbot fingerlings. Therefore,
even in the VBNC state, S. parauberis poses a fish
farming threat. In addition, although no mortalities
were observed in fish inoculated with the cattle isolate,
we cannot rule out its virulence for fish under stressful
conditions or even the possibility of strain adaptation to
a different host after multiple contacts or by slight
phenotypic or genetic changes.

In conclusion, the persistence of the fish pathogen
Streptococcus parauberis in seawater and sediment,
together with the maintenance of virulence in the dor-
mant state, indicates that the marine environment
plays an important role as a reservoir of this fish
pathogen. On the one hand, maintenance of the cultur-
able state for long periods in sediments could easily
explain the endemic nature of the disease observed in
some turbot farms. On the other hand, the existence of
virulent nonculturable forms in water could be the
cause of many fish streptococcosis outbreaks for which
a determined origin of infection could not be demon-
strated. Further studies are being performed in order

to better understand the survival strategies of S.
parauberis, which will be helpful to the development
of suitable detection methods for VBNC forms of this
fish pathogen. Such methods could become an appro-
priate tool to assess sanitary conditions of turbot cul-
turing facilities and, therefore, to prevent disease out-
breaks.
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