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Aim. To ¿nd out the impact of allochthonous ¿sh skin secretions on the E. rhusiopathiae pathogenic bacteria
cultures. Methods. The skin of live ¿shes was covered with ¿lter paper, which was removed after 1 minute;
then soluble components at the rate of 0.1 cm3 of water per 1.0 cm2 of paper area were extracted. The resulting
solutions of ¿sh skin secretions were sterilized by vacuum ¿ltration through ¿lters with < 0.2 m pore diameter. The test samples contained E. rhusiopathiae cultures and ¿sh skin secretions in dilutions of 1:10, 1:100,
1:1,000 and 1:10,000. The control samples contained a similar ratio of sterilewater and the bacteria under
study. Results. The presence of freshwater ¿sh skin secretions in water-soluble extracts causes the increase in
E. rhusiopathiae culture density. The intensity of the revealed stimulation effect on E. rhusiopathiae depends
on the concentration of ¿sh skin secretions in test samples. Conclusions. Freshwater ¿sh (Hypophthalmichthys
molitrix, Ctenopharyngodon idella) skin secretions contain substances that exert a stimulating effect on the
E. rhusiopathiae culture. The ability of the bacteria under study to use ¿sh skin secretions indicates the formation of interspeci¿c trophic links. To prevent and eliminate the foci of infection caused by E. rhusiopathiae, one
has to consider the possibility of the pathogenic bacteria persistence on the skin of freshwater ¿sh.
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INTRODUCTION

High demand for ¿sh products and the pro¿tability
of culturing ¿sh for sale determine great perspectives
for optimal economic application of freshwater ecosystems. However, their ef¿cient and safe use is impossible without a suf¿cient amount of data, reÀecting the
system of ecologic relations between different groups
of hydrobionts.

It is known that a number of pathogenic microorganisms are capable of existing in water bodies for a
long time, and the infection transmission to people and
animals via water is the most dangerous mode. One
of the pathogenic microorganism kinds, which can be
transmitted in the abovementioned way, is E. rhusiopathiae – gram-positive bacteria in the form of straight or
slightly bent rods, which do not form spores and capsules and have high resistance against unfavorable impact of environment [1]. The bacteria of this kind cause
a disease of humans, domestic and wild animals and
birds, called Erysipelas. E. rhusiopathiae were also
isolated for a number of ectothermic animals, including cancriforms and ¿sh, for which these bacteria are
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Successful modern management of agriculture is impossible without any consideration and application of a
whole system of complicated interspeci¿c connections,
formed both in natural and anthropogenically modi¿ed
ecosystems.
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saprophytes [2]. High prevalence, a considerable number of possible hosts of E. rhusiopathiae, as well as
signi¿cant economic loss due to erysipelas conditioned
the necessity of detailed study of ecologic connections
of this kind of pathogenic bacteria with freshwater ecosystem components, in particular, with ¿sh.
E. rhusiopathiae are capable of penetrating a human
organism via microinjuries of hands, received while
¿shing or handling ¿sh. It is believed that bacteria
are located in the slime matrix, covering the surface
of ¿sh [3–5]. At the same time there are no results of
experiments on studying the impact of skin secretions
of freshwater ¿sh regarding E. rhusiopathiae in the scienti¿c literature.
The aim of the work was to study and to estimate
the secretions of cutaneous glands of freshwater ¿sh on
E. rhusiopathiae cultures.
MATERIALS AND METHODS
The most common and economically important ¿sh
species were selected for the study: Hypophthalmichthys molitrix Valenciennes, 1844 and Ctenopharyngodon idella Valenciennes, 1844. Naturally both species
live in the basin of Amur River. Hypophthalmichthys
molitrix and Ctenopharyngodon idella were brought to
many countries of Europe, North America and Asia and
naturalized in the middle of the last century, i. e. they
are typical allochthonous species for this territory. At
present Hypophthalmichthys molitrix and Ctenopharyngodon idella are common objects of aquaculture,
cultured on industrial scale.
The samples of skin secretions were isolated from
living ¿sh (n = 20) which were ¿xed sideways to the
table. Slightly watered ¿lter paper was placed on the
upper surface of ¿sh. After 1 minute exposition the paper was removed and covered with water for 1 h to extract water-soluble components of the secretions at the
rate of 0.1 cm3 of water per 1.0 cm2 of ¿ltration paper
area. The aqueous solutions of ¿sh skin secretions were
sterilized by vacuum ¿ltration through bacterial ¿lters
with < 0.2 m pore diameter (Minisart, Germany).

containing the smears after the autoclave, were used
as control, and the ones with the smears after the ¿ltration – as the experiment. The content of bacteria in
the experiment and the control was compared 12, 24,
and 48 h later. The presence of bacteriophages in the
test samples was evident due to the cell lysis and much
lower content of bacteria compared to the control. If
the described effect was revealed, the smears, received
from the corresponding specimen of ¿sh, were not used
in further studies.
The cultures of E. rhusiopathiae bacteria were cultivated at 36.7 ± 0.3 ºɋ for 48 h with brain-heart infusion
broth (AES Chemunex, France).
The method of serial dilutions was used to create
the concentration gradient in the test samples – 1:10;
1:100; 1:1,000; 1:10,000. The control samples contained sterile water and bacterial cultures. The same
initial content of E. rhusiopathiae in the experiment
and the control was achieved, using the inoculates from
one bacterial culture for each series of tests. The prepared samples were kept in the temperature range of
18í20 °ɋ for 48 h.
The registration of results was made after plating the
samples from test and control samples in the dilutions
of 1 ǜ 10í3, 1 ǜ 10í4, 1 ǜ 10í6 on the surface of the brainheart agar (AES Chemunex). The number of grown
Table 1 The content of E. rhusiopathiae in the test and control samples in conditions of the effect of cutaneous secretions of H. molitrix (× 106 CFU/cm3)
No. of
experiment

1
2
3
4
5
6
Ɇ
ı

Experiment (dilution of secretions)
Control
1:10

1:100

6.40
6.20
5.90
6.50
6.60
6.10
6.28
0.26

5.30
4.80
5.20
5.10
5.30
4.90
5.10
0.21

1:1000 1:10 000

2.54
2.75
2.66
2.49
2.59
2.71
2.62
0.10

2.29
2.11
1.98
2.06
2.15
2.00
2.10
0.11

2.16
2.09
2.21
2.19
2.27
2.13
2.18
0.06

Bacteriophages could also be present in the selected samples, which was undesirable. A biosample was
taken to check the possibility of the latter. One part of
the obtained volume of smears was sterilized in the
autoclave, the other – ¿ltered through ¿lters with the
pore diameter of  0.2 m, which intercepted bacteria
but could not detain bacteriophages. Then the smears
were added to E. rhusiopathiae cultures. The samples,

For the dilution 1:10 í t = 33.85 at tcr = 4.59, Ɋ  0.001;
1:100 í t = 29.86 at tcr = 4.59, Ɋ  0.001; 1:1,000 í t = 8.43
at tcr = 4.59, Ɋ  0.001; 1:10,000 í t = 1.32 at tcr = 2.23,
Ɋ  0.05.
Note. Here and in Table 2: Ɇ – mean arithmetic; ı – mean
square deviation; m – mean deviation; t – Student’s coef¿cient; tcr – critical value of the index t; Ɋ – probability level.
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colonies were counted after the cultivation at 36.7 ±
± 0.3 ºɋ for 72 h, and the average number of colonyforming units (CFU) of bacteria per 1 cm3 estimated.
RESULTS AND DISCUSSION
The estimation and subsequent comparison of the
density of E. rhusiopathiae cultures in the test and
control samples demonstrated that the secretions of
cutaneous glands of H. molitrix exert stimulating effect on the cultures of bacteria (Table 1). The highest
stimulating effect was observed in the samples with
low dilution (1:10) of cutaneous secretions of the ¿sh
species under study. On average the density of E. rhusiopathiae cultures in the test samples with this dilution was 2.89-fold higher than that for the control
samples.
The index of the stimulating effect on E. rhusiopathiae cultures was considerably lower in the series of experiments with the dilution of skin secretions of H. molitrix 1:100 ɿ 1:1,000, the density of cells was 2.34 and
1.21 times higher respectively, compared to the control. In the samples with the dilution of ¿sh secretions
of 1:10,000 the difference of the density of bacterial
cultures in the test and control samples was not reliable, which is proven by the data of the statistical data
processing.
The content of skin secretions of C. idella in the test
samples for the dilution of 1:10 conditioned the 3.06Table 2. The content of E. rhusiopathiae in the test and control samples in conditions of the effect of cutaneous secretions of C. idella (× 106 CFU/cm3)
No. of
experiment

1
2
3
4
5
6
Ɇ
ı
m

Experiment (dilution of secretions)
Control
1:10

1:100

1.85
1.81
1.97
1.88
1.93
1.99
1.91
0.07
0.03

1.41
1.39
1.43
1.35
1.40
1.31
1.38
0.04
0.02

1:1000 1:10 000

0.70
0.67
0.65
0.69
0.68
0.66
0.68
0.02
0.01

0.61
0.58
0.62
0.57
0.61
0.59
0.60
0.02
0.01

0.66
0.62
0.58
0.60
0.65
0.63
0.62
0.03
0.01

For the dilution of 1:10 í t = 37.45 at tcr = 4.59, Ɋ 
 0.001; 1:100 í t = 31.80 at tcr = 4.59, Ɋ  0.001; 1:1,000 í
t = 3.26 at tcr = 2.23, Ɋ  0.05; 1:10,000 í t = 1.66 at
tcr = 2.23, Ɋ  0.05.
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fold increase in the CFU number for E. rhusiopathiae
compared to the control (Table 2). The number of
bacteria in the samples with the 1:100 and 1:1,000
dilution of cutaneous gland secretions of the ¿sh
species under study was 2.22 and 1.08 times higher
respectively compared to the control. The statistically reliable difference in the CFU content of bacteria in the test and control samples in the dilution
range of 1:10–1:1,000 proves the presence of the
stimulating effect of the skin secretions of C. idella
on E. rhusiopathiae cultures. However, the evident
stimulating effect on E. rhusiopathiae in absent in
the samples with the 1:10,000 dilution of the secretions of the species under study, which is con¿rmed
by the absence of statistically reliable difference of
the content of bacteria in the test and control.
The study of the experimental data obtained using
the correlation analysis [6] testi¿es to the fact that
the index of bacteria content in the test samples is
directly related to the concentration of the secretions
of cutaneous glands of ¿sh. For instance, the coef¿cient value of the correlation between the abovementioned indices is 0.81 for H. molitrix and 0.87 – for
C. idella.
Higher density of bacterial cultures in the test samples compared to the control is explained by the fact
that the secretions of cutaneous glands of ¿sh species
under study contain nutrients, which can be actively
used by E. rhusiopathiae. These data testify to the formation of interspeci¿c trophic relations between the
E. rhusiopathiae bacteria and H. molitrix and C. idella
¿sh. Therefore, one should not neglect the probability
of the presence of E. rhusiopathiae on the surface of
¿sh in conditions of different types of natural and arti¿cial water bodies.
To prevent the infection of erysipelas during the
work, related to catching and handling freshwater ¿sh,
the workers should protect skin on their hands from
possible injuries, and apply antibacterial agents in case
of injuries immediately.
CONCLUSIONS
The presence of secretions of cutaneous glands of
H. molitrix and C. idella ¿sh in the environment up
to the dilution of 1:10,000 (in vitro) determines the
stimulating effect in the cultures of E. rhusiopathiae
bacteria.
The direct correlation between the density of E. rhusiopathiae cultures and the concentration of ¿sh skin
secretions in the test samples was revealed.
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The capability of E. rhusiopathiae bacteria to use
the substances, located in the secretions of cutaneous
glands of H. molitrix and C. idella, indicates the formation of interspeci¿c trophic relations.
To prevent and eliminate the foci of infection caused
by E. rhusiopathiae, one has to consider the possibility
of the pathogenic bacteria persistence on the skin of
freshwater ¿sh.
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ɧɚ ɤɭɥɶɬɭɪɢ ɩɚɬɨɝɟɧɧɢɯ ɛɚɤɬɟɪɿɣ
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E. rhusiopathiae. ȼɢɪɚɡɧɿɫɬɶ ɜɢɹɜɥɟɧɨɝɨ ɟɮɟɤɬɭ ɫɬɢɦɭɥɹɰɿʀ E. rhusiopathiae ɩɪɹɦɨ ɡɚɥɟɠɢɬɶ ɜɿɞ ɤɨɧɰɟɧɬɪɚɰɿʀ
ɫɟɤɪɟɬɿɜ ɲɤɿɪɧɢɯ ɡɚɥɨɡ ɪɢɛ ɭ ɞɨɫɥɿɞɧɢɯ ɡɪɚɡɤɚɯ.
ȼɢɫɧɨɜɤɢ. ɋɟɤɪɟɬɢ ɲɤɿɪɧɢɯ ɡɚɥɨɡ ɩɪɿɫɧɨɜɨɞɧɢɯ ɪɢɛ
(Hypophthalmichthys molitrix, Ctenopharyngodon idella)
ɦɿɫɬɹɬɶ ɪɟɱɨɜɢɧɢ, ɹɤɿ ɱɢɧɹɬɶ ɫɬɢɦɭɥɸɜɚɥɶɧɢɣ ɜɩɥɢɜ ɧɚ
ɤɭɥɶɬɭɪɢ E. rhusiopathiae. Ɂɞɚɬɧɿɫɬɶ ɩɿɞɞɨɫɥɿɞɧɨɝɨ ɜɢɞɭ ɛɚɤɬɟɪɿɣ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɜɢɞɿɥɟɧɧɹ ɲɤɿɪɧɢɯ ɡɚɥɨɡ
ɪɢɛ ɜɤɚɡɭɽ ɧɚ ɮɨɪɦɭɜɚɧɧɹ ɦɿɠɜɢɞɨɜɢɯ ɡɜ’ɹɡɤɿɜ ɬɪɨɮɿɱɧɨɝɨ ɬɢɩɭ. ɉɪɢ ɩɪɨɜɟɞɟɧɧɿ ɡɚɯɨɞɿɜ, ɧɚɩɪɚɜɥɟɧɢɯ ɧɚ
ɩɪɨɮɿɥɚɤɬɢɤɭ ɬɚ ɥɿɤɜɿɞɚɰɿɸ ɜɨɝɧɢɳ ɿɧɮɟɤɰɿɣ, ɨɛɭɦɨɜɥɟɧɢɯ E. rhusiopathiae, ɫɥɿɞ ɨɛɨɜ’ɹɡɤɨɜɨ ɜɪɚɯɨɜɭɜɚɬɢ
ɦɨɠɥɢɜɿɫɬɶ ɩɟɪɫɢɫɬɟɧɰɿʀ ɰɢɯ ɩɚɬɨɝɟɧɧɢɯ ɛɚɤɬɟɪɿɣ ɧɚ
ɩɨɤɪɢɜɚɯ ɩɪɿɫɧɨɜɨɞɧɢɯ ɪɢɛ.
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: Erysipelothrix rhusiopathiae, ɲɤɿɪɧɿ ɜɢɞɿɥɟɧɧɹ ɪɢɛ, ɫɬɢɦɭɥɸɜɚɥɶɧɢɣ ɜɩɥɢɜ.
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