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Adhesion of Aeromonas salmonicida to materials
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Abstract
Aeromonas salmonicida is a fish pathogen which frequently can not be detected in hatchery wa-
ters, even during furunculosis epizootics. In this study we have investigated the adherence of
Aeromonas salmonicida to several materials, and the relationship of this phenomenon with physico-
chemical properties of both, materials and bacteria, is discussed. Aeromonas salmonicida attached
in higher numbers to plastics than to stainless steel. The ability of Aeromonas salmonicida to at-
tach to solid surfaces could partially explain the lack of detection of these bacteria in hatchery
waters and the sporadic furunculosis outbreaks. From the practical point of view, stainless steel
should be preferred to plastics for fish handling in aquaculture.

is currently known to play a role in the sur-
vival of bacteria. In the interface, bacteria ex-
ist frequently in biofilms made out of extra-
cellular polymeric substances. In this
microenvironment bacteria are protected from
the surrounding medium and hidden from
lethal factors (Warren et al., 1992). Several
studies have demonstrated that adhesion of
bacteria to surfaces depends both on the na-
ture of the inert surfaces and on the bacterial
surface properties, since bacteria attach to
various surfaces with different efficiency
(Mafu et al., 1991; Carballo et al., 1992). Tak-
ing into account the wide distribution of bac-
terial adherence phenomena and their impli-
cation in technological processes and infec-
tion establishment, we studied Aeromonas sal-

monicida adhesion to solid surfaces and related
this parameter with physico-chemical prop-
erties of surfaces and bacteria.

Introduction
Aquaculture is an important economic activ-
ity in Galicia (North West of Spain). Problems
limiting its economic viability include out-
breaks of epidemic furunculosis caused by
Aeromonas salmonicida (Toranzo et al., 1991).
Different works reported the capability of
Aeromonas salmonicida to survive in water, free
from host fish (Fernández et al., 1992; Effendi
and Austin, 1995; Pérez et al., 1995; Deere et

al., 1996) and their ability to exist in a viable
but non culturable state (Effendi and Austin,
1995). It is known that metabolically active
bacteria are associated with interfaces in many
natural and artificial environments (van
Loosdrecht et al., 1989). In fields as diverse as
biofouling (Fletcher and Marshall, 1982), soil
and plant ecology (van Loosdrecht et al., 1989),
dental plaque formation (Busscher et al., 1984),
infections of foreign body implants (Carballo
et al., 1992), etc., adherence to solid surfaces



Bull. Eur. Ass. Fish Pathol., 20(2) 2000, 78

Materials and Methods
In this study we have used eight Aeromonas

salmonicida strains (Table 1). Two strains were
isolated in the North West of Spain and three,
in different parts of Scotland. These strains
were previously subjected to taxonomic
analysis and were used in several studies
(Fernández et al., 1992; Fernández et al., 1995;
Fernández et al., 1998). Two collection strains
(ATCC) and one strain obtained from D.P.
Anderson were included.

Adherence of strains to three materials (poly-
vinyl chloride, poly (ethylene terephthalate)
and stainless steel) was analysed. Two differ-
ent types of each material were used:
Alkorplan® 35052 and Alkorplan® 35055
(Plavina & Cie., Belgium) both based on poly-
vinyl chloride (PVC) but differing in density,
tensile strength and low temperature resist-
ance; Hostaphan WN350 and Hostaphan
RN350 (Hoechst, Germany) both based on
poly (ethylene terephthalate) (PET) but dif-
fering in optical properties, and stainless steel
(SS) 316 and 304 (Inoxidables de Galicia,
Spain) differing in corrosion resistance. For
the adherence experiments, cylindrical (in the

case of PVC and PET, 6 mm in diameter x 1
mm thick) and parallelepiped-shaped (in the
case of SS, 1 mm x 6 mm x 7mm) pieces of
materials were cut and sequentially washed
for ten minutes in the following liquids: 1%
(w/v) sodium lauryl sulphate, redistilled
water, ethanol and redistilled water.

 Bacterial adhesion was determined by stand-
ard plate counting as previously described
(Brokke et al., 1991). Bacteria grown in Tryp-
tic Soy Broth (TSB) (Biolife, Milano, Italy) were
washed twice in phosphate buffered saline
(PBS, 0.33 M NaCl, 3 mM KCl, 8.4 mM
Na2HPO4, 1.6 mM KH2PO4, pH 7.2) and ad-
justed to 109 CFU/mL in the same buffer by
measuring optical density at 540 nm. Three
mL aliquots of this bacterial suspension were
incubated with each piece of material for 1h
at room temperature with 90 rpm constant
shaking. With this incubation time, maximun
numbers of adhered bacteria were obtained
(data not shown). Pieces of materials were
then rinsed twice with PBS, immersed in 2 mL
of TSB and immediately treated ultrasonically
(Branson 250, 30 W, 20 s) in an ice-cooled bath
to release the adherent bacteria. Controls were

niartS tsoH nigirofoecalP ronoD a

39.3 ralasomlaS setatSdetinU nosrednA.P.D

IA B721 atturtomlaS niapS oteiN.P.T

IA B031 atturtomlaS niapS oteiN.P.T

8301TM ralasomlaS modgniKdetinU yrotarobaLeniraM

5201TM ralasomlaS modgniKdetinU yrotarobaleniraM

4890TM ralasomlaS modgniKdetinU yrotarobaLeniraM

47141CCTA silanitnofsunilevlaS setatSdetinU CCTA

85633CCTA ralasomlaS setatSdetinU CCTA

Table 1. Origin and source of strains. aD. P. Anderson, National Fisheries Health Laboratory, Leetown, Va;
Marine Laboratory Aberdeen, Scotland; ATCC, American Type Culture Collection
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introduced to check that this sonication treat-
ment did not affect the viability of bacteria.
In order to determine the number of adher-
ent bacteria, tenfold serial dilutions of TSB in
PBS were made and 0.1 mL aliquots of each
dilution were plated on TSA plates. After 48
h incubation at 25°C, numbers of CFU were
counted. Results were expressed as the
number of CFU of adherent bacteria per mm2

of material. At least triplicates of all experi-
ments were carried out. In each experiment,
it was checked that the number of bacteria
remaining in the suspension was consistent
with the number of adhered bacteria and the
number of bacteria initially present.

Bacterial and material hydrophobicity were
measured by the contact angle method
(Carballo et al., 1991). Briefly, 5 µl redistilled
water drops were deposited on bacterial
lawns or materials samples. Photographs
were taken within 5 s after putting the water
drop. Contact angles were measured from
photographs of, at least, ten water drops. Con-
tact angles were expressed in degrees (°). Bac-
terial lawns were obtained as follows. Bacte-
ria, grown for 24 h at 25°C in TSB, were

washed twice in PBS and collected on 0.45 µm
pore diameter filters to a density of 108 cells/
mm2. Filters with bacteria were maintained
for a maximun of 30 min in a Petri dish con-
taining 1% (w/v) agar with 10% (v/v) glyc-
erol to establish constant moisture content
before photographs were taken. Strips of ma-
terials were cut, washed in the same way as
for adherence experiments and fixed to glass
slides before putting water drops for contact
angles measurement.

Statistical analysis was done using the SPSS
statistical package (Brian & Cramer 1997). Sig-
nification of data was tested using ANOVA
and multiple comparisons a posteriori tests (as-
suming no homogeinity of variances in some
cases). When data did not verify the hypoth-
eses for ANOVA, Kruskall-Wallis test was
used. Correlations between variables were es-
timated by the Kendall coefficients (Peña
1995).

Results and Discussion
Table 2 summarizes the results of the adhe-
sion experiments. Aeromonas salmonicida

strains adhered to polyvinyl chloride, poly

niartS lairetaM

-CVP 053 25 -CVP 053 25 053NW-TEP 053NR-TEP 613-SS 403-SS

39.3 2.64±5.931 0.91±1.26 3.71±6.18 9.41±8.94 0.91±8.16 6.6±9.82

IA B721 5.15±2.96 0.11±8.82 4.66±9.19 9.7±9.32 2.3±7.31 6.5±3.11

IA B031 2.21±1.64 9.31±0.84 0.8±0.92 4.63±0.56 8.6±8.21 4.11±3.04

8301TM 8.02±2.001 4.021±9.751 6.71±3.321 3.301±9.631 5.01±9.031 8.31±3.401

5201TM 6.9±0.86 5.72±9.19 4.41±1.38 0.71±4.89 5.8±6.34 1.8±6.25

4890TM 9.9±7.13 7.9±2.43 5.95±3.28 4.56±9.211 7.2±7.9 6.14±5.68

47141CCTA 6.62±2.68 4.93±5.57 6.22±1.09 8.32±7.36 8.71±7.44 1.6±1.81

85633CCTA 1.54±7.911 6.02±5.451 3.73±4.871 6.71±2.651 2.03±6.701 6.22±6.77

Table 2. Number of adhering bacteria per square millimetre of the different materials tested (x 103, mean ±
standard deviation)



Bull. Eur. Ass. Fish Pathol., 20(2) 2000, 80

(ethylene terephthalate) and stainless steel in
numbers of tens of thousands to hundreds of
thousands per mm2 of material. This adher-
ence degree is similar to that found by other
authors for different bacteria (Ferreirós et al.,
1989; Helke et al. 1993). Bacteria adhered in
significatively (P< 0.05) higher numbers to
plastics (PVC and PET) than to stainless steel.
All the statistical tests applied confirmed these
results.

Apparently, there were no significative differ-
ences (P> 0.05) in the number of attached bac-
teria to different forms of a given material,
which suggests that bacterial adherence to
materials is affected only by their basic com-
position, but not by their physical properties.
The same results were obtained when com-
parisons were performed taking (or not) into
account the different strains.

Results of hydrophobicity of bacteria and
materials are given in Table 3. There were not
significative differences (P>0.05) in
hydrophobicity values of the different bacte-
rial strains. This result is in agreement with
previous work carried out with the same
strains (Santos et al., 1990) showing that our
strains are moderately hydrophobic.

Contact angles were significatively different
(P< 0.05) when materials with different com-
position were compared, but not when com-
parisons between the two forms of the same
material were done. This would indicate that
chemical composition determines material
hydrophobicity.

The correlation between material
hydrophobicity and adherence was low
(Kendall correlation coefficient = -0.2691, P =
0.011). Similarly, correlation between bacterial
hydrophobicity and the degree of attachment
was also low (Kendall correlation coefficient
= -0.2776, P = 0.008). Certain strains (MT 1038,
ATCC 33658) (Table 2) adhered in higher num-
bers to all materials indicating that bacterial
properties other than hydrophobicity play a
role in bacterial adherence to surfaces
(Carballo et al., 1992).

In summary, all the Aeromonas salmonicida

strains tested attach to solid materials, in
higher numbers to plastics than to stainless
steel, although correlation between material
hydrophobicity and numbers of adhered bac-
teria was not found.

niartS elgnatcatnoC lairetaM elgnatcatnoC

39.3 9.9±1.03 -CVP 053 25 8.6±2.09

IA B721 8.7±3.43 -CVP 053 55 9.4±8.29

IA B031 7.7±2.03 053NW-TEP 7.2±0.97

8301TM 8.41±6.03 053NR-TEP 1.7±9.97

5201TM 3.6±7.92 613-SS 9.2±1.49

4890TM 1.6±6.63 403-SS 8.2±0.501

47141CCTA 0.7±1.13

85633CCTA 6.6±4.52

Table 3. Contact angle (O) (mean ± standard deviation) of water drops on lawns of Aeromonas salmonicida
isolates and on test materials.
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During the last decade there has been consid-
erable discussion about the utility of differ-
ent methods for determining bacterial
hydrophobicity. No clear correlations are re-
ported in the literature, but there seems to be
a consensus that contact angle is the best
method for characterizing bacterial
hydrophobicity (van Loosdrecht et al., 1990;
van der Mei et al., 1987). We used contact an-
gle determinations to measure bacterial
hydrophobicity (Table 3). The test provides
highly reproducible results and an intuitive
concept of hydrophobicity (higher contact
angle implies higher hydrophobicity). Our
results agreed with those obtained by other
authors (Fernández et al., 1995) for the same
bacterial strains using the salt aggregation
test. We agree with Geertsema-Doornbusch et

al. (1993) that “only water contact angle meas-
urements on microbial lawns reflects what the
word ‘hydrophobicity’ expresses”.

Fernández et al. (1992) demonstrated that
Aeromonas salmonicida survival in sea water at
different temperatures was much shorter than
that of other bacterial fish pathogens. Even
when no clear correlations could be estab-
lished between hydrophobicity and adher-
ence, from our results it can be concluded that
Aeromonas salmonicida attach in numbers
significatively different to the various mate-
rial surfaces tested. Thus, bacterial adherence
to solid surfaces could be a mechanism of sur-
vival and could contribute to explain the lack
of detection of this fish pathogen in hatchery
waters and the sporadic furunculosis out-
breaks. Bacterial adherence to solid surfaces
could also be responsible for Aeromonas sal-

monicida spreading within fish handling fa-
cilities. In conclusion, adhesion experiments
using different materials are useful in order

to give directions for the selection of low-ad-
herent surfaces to be used for fish handling
in aquaculture. In the particular case we have
studied, stainless steel is less adherent than
plastics and should be the material of choice
for that purpouse.
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