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Aim. To determine the response of the populations of Erysipelothrix rhusiopathiae and Leptospira interrogans 
pathogenic microorganisms to the impact of broadleaf cattail (Thypha latifolia) root diffusates. Methods. 
Aqueous solutions of T. latifolia root diffusates were sterilized by vacuum  ltration through the  lters with 
0.2-micron pore diameter. The experimental samples contained cattail secretions, sterile water, and cultures 
of E. rhusiopathiae or L. interrogans. The same amount of sterile water, as in the experimental samples, was 
used for the purpose of control, and the same quantity of microbial cultures was added in it. After exposure, 
the density of cells in the experimental and control samples was determined. Results. Root diffusates of 
T. latifolia caused an increase in cell density in the populations of E. rhusiopathiae throughout the whole range 
of the studied dilutions (1:10–1:10000). In the populations of the 6 studied serological variants of L. interrogans 
spirochetes (pomona, grippotyphosa, copenhageni, kabura, tarassovi, canicola), the action of broadleaf cattail 
root diffusates caused the decrease in cell density. A stimulatory effect was marked in the experimental samples 
of the pollonica serological variant of leptospira. Conclusions. The populations of E. rhusiopathiae and 
L. interrogans pathogenic microorganisms respond to the allelopathic effect of Thypha latifolia by changing 
the cell density. The obtained results provide the background to assume that broadleaf cattail thickets create 
favorable conditions for the existence of E. rhusiopathiae pathogen bacteria. The reduced cell density of 
L. interrogans in the experimental samples compared to the control samples observed under the in  uence of T. 
latifolia root diffusates suggests that reservoirs with broadleaf cattail thickets are marked by the unfavorable 
conditions for the existence of pathogenic leptospira (except L. pollonica).

Key words: Erysipelothrix rhusiopathiae, Leptospira interrogans, population density, allelopathic effect, 
Thypha latifolia.

INTRODUCTION

In course of many infectious diseases various ele-
ments of environments, in particular, soil and water, 
become the source of infection for the human being 
and animals. Some types of pathogenic microorgan-
isms can not only stay passively in natural substrates, 
but also interact with some components of biota, and 
so, create so called "focal points of infection" within 
some territories. Bacteria Erysipelothrix rhusiopathiae 
and spirochete Leptospira interrogans belong to the 
microbes of the kind: both of them are able to exist 
within natural ecosystems [1].

Bacteria are Gram-positive, slim, either direct or 
slightly curved immovable rods never producing 

spores, capsules, or  agella. They are quite widespread 
in nature and resistant to numerous disastrous factors 
of environment during a long period of time. This kind 
of bacteria is pathogenic for many animals and also for 
a human being, while they cause diseases, erysipelas 
among them [2].

Spirochetes L. interrogans permanently move, look like 
slim threads with curved or butt ends. They target a great 
number of host organisms, mainly homoithermic animals 
and cause leptospirosis. The main source of infectious 
agent’s transmission is fresh water reservoirs [2].

The above mentioned microorganisms and diseases 
caused by them have already been known for a long 
time before. Up to the moment, the preventive and cu-
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rative measures for these diseases’ treatment have been 
developed. The biological, cultural, biochemical and 
genetic features of their agents have also been investi-
gated [2, 3]. Nevertheless, despite suf  cient success in 
the infectious diseases control both as for the animals 
and the human being, the outbreaks of erysipelas and 
leptospirosis are reported in the territory of Ukraine 
from year to year. The same situation is  xed in many 
other countries all over the world [4 6].

The scienti  c literature overview states the data li-
mitation as concerning the pathogenic microorgan-
isms E. rhusiopathiae and L. interrogans existence in 
the environment [7–9]. While taking into account that 
the main source of infection of the human being with 
erysipelas and leptospirosis is water and soil exactly, 
the study of these agents’ existence peculiarities in the 
mentioned environments become important to all prac-
tical purposes. The  ood of accomplished explorations 
in ecology [10, 11] has proven that the suf  cient in  u-
ence upon the existence of the microbiocenosis (which 
include these pathogenic microorganisms as well) is 
made by the plant – by means of secretions of bioactive 
substances in the environment.

The broadleaf cattail (Thypha latifolia) is widespread 
in the wetlands, bogs, plavs,  ooded areas, also marshy 
and reedy banks [12, 13] where it grows in vast thickets. 
It has precious phytomeliorative peculiarities and great 
potential as a forage plant [14]. Following its spread-
ing and prominent biomass created by this botanic spe-
cies at the coastal parts of watersheds, the broadleaf 
cattail was selected for research of the response of the 
E. rhusiopathiae and L. interrogans populations to the 
allelopathic effect of this plant.

MATERIALS AND METHODS

Obtaining Plants and Root Diffusates Extraction 
Techniques. The T. latifolia specimens necessary 
for research were taken out of their natural sites of 
vegetation. The plants were dug out and extracted 
together with the portion of soil, whereto their root 
systems were. Aiming to avoid in  uence of the soil 
substance upon the results of the exploration, the soil 
was washed out by town water streams till complete 
exposal of root system. In course of such a procedure 
the plants roots are usually damaged, so the substanc-
es normally never secreted by the T. latifolia plants 
could appear in the experimental patterns. That is 
why, the exploration could be continued after com-
plete healing of such wounds. For that purpose, the 
root systems of the plants were put into clean glass 
reservoirs  lled up with tap water settled during two 
days before. After 10 days the water was poured out. 
This very procedure has been repeated thrice for get-
ting rid of the soil rests, detritus and the greater part 
of tiny acquatic organisms that occurred to be in the 
reservoirs. At that, the plants themselves have never 
been taken out of these reservoirs, moreover, their po-
sitions have never been changed to prevent repetitious 
damages of their roots, because during this period of 

time not only wounds became healed, but also new 
bundles of tender knee roots developed.

For purpose of getting root diffusates, the fresh por-
tions of water were added to the reservoirs with T. lati-
folia at the rate of 1:10 to the plants’ biomass and sea-
soned during.  seven days. During this period of time 
the plants were provided with natural temperature and 
lightening daily range (June, 2013). The water level 
was kept on previously marked tracks by means of add-
ing fresh portions periodically.

The root diffusates extraction was based upon the 
technique Obtaining Of Root Diffusates From the 
Plants Growing In Natural Biocenosis or In Filed de-
scribed in the paper [15]. At the same time, taking into 
account the speci  c character of our explorations, some 
changes were made. In particular, the roots of the plants 
were never cleaned with distillate water; the culture 
medium was made from tap water, but not from nutri-
ent solution. The suf  cient difference means the extent 
of exposure for obtaining the secretions. A. M. Hro-
dzynskyi recommends to season the plants in the cul-
tural medium during 1 2 days. Following his evi-
dences, the concentration of bioactive substances in 
the solution is raising up to the 2nd day and keep that 
rate up to the 4th one. After that the concentration is 
falling down – by reason of peculiar microorganisms 
enlargement that ruins the root secretions, obviously 
[15]. With due regard to these very peculiarities, the ex-
tent of exposure was prolonged up to seven days in the 
present explorations. Because naturally the secreting of 
bioactive substances by the plants is accompanied with 
their processing by microorganisms especially in the 
rhizosphere area [11, 15]. So, the obtaining conditions 
of T. latifolia root diffusates for further experiments 
were realistic as maximum.

Pathogenic Microorganisms Stock Cultures List 
and Ways of Their Cultivation. Microorganisms pure 
cultures were obtained for experiments performance 
from the Collection of the Institute of Veterinary of the 
NAAS of Ukraine.

L. interrogans spirochetes were cultivated in the 
Terskikh’s medium laced with 5-per cent inactivat-
ed blood serum of a rabbit at temperature of 28.0 ± 
± 0.3 º . The Terskikh’s medium consists of phos-
phates buffer mixture and distillate water (1:9), 
pH 7.2 7.3. The rabbit’s blood serum was inactivated 
with waterbath at temperature 56 º  during 30 min 
twice with interval in 24 h.

The L. interrogans spirochetes are well-known due 
to their complicate intraspeci  c structure with great 
number of serovariants [2]. The stock cultures of the 
serovariants most often  xed within the territory of 
Ukraine as an agent of leptospiroses of both the ani-
mals and human being were chosen for the present ex-
ploration (Table 1).

E. rhusiopathiae bacterias ( -2  stock culture) 
were grown in brain-heart-infusion broth (AES Chemunex, 
France) at temperature of 36.7 ± 0.3 º  during 48 h.
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Table 1. L. interrogans Spirochetes Stock Cultures Chosen For the Experiments

Serogroup Serovariant Stock Culture Abbreviation

Sejroe
Hebdomadis
Tarassovi
Pomona
Grippotyphosa
Canicola
Icterohaemorrhagiae

pollonica
kabura
tarassovi
pomona
grippotyphosa
canicola
copenhageni

493 Poland
Kabura
Perepelicyn
Pomona
Moskva V
Hond Utrecht IV
M 20

L. pollonica
L. kabura
L. tarassovi
L. pomona
L. grippotyphosa
L.canicola
L. icterohaemorrhagiae

Table 2. E. rhusiopathiae Cells Density In Test and Control Samples Upon In  uence of T. latifolia Root Diffusates

Note: t – Student’s coef  cient; for all dilutions tcr = 2,23  critical value of characteristic t;  = 0,05.

E. rhusiopathiae Cell Density, mln/cm3

Secretions Dillutions
Control

1:10 (t = 21,50) 1:100 (t = 27,67) 1:1000 (t = 4,34) 1:10000 (t = 4,60)

44,50
50,30
39,20
42,20
40,00
47,60

8,20
7,80
8,40
7,90
8,10
7,50

3,00
2,60
3,10
3,30
2,70
2,40

2,40
3,20
3,40
2,70
3,00
2,90

2,40
1,50
1,40
2,10
1,80
2,00

Arithmetic Average

43,97 7,98 2,85 2,93 1,87

Experiments Preparation and Performance. The re-
search of changes in pathogenic microorganisms’ po-
pulations under the in  uence of broadleaf cattail’s root 
diffusates were accomplished in vitro, though realistic 
as maximum.

The obtained solutions of T. latifolia root diffusates 
should be sterilized using the techniques preventing 
from changes of bioactive substances under the in  u-
ence of high temperature, chemical agents or other ag-
gressive factors. Owing to this, the obtained solution of 
the broadleaf cattail secretions was in  ltrated in vacu-
um through 0.2 m pore cellulose  lters.

The test samples contained T. latifolia root diffusates 
diluted to 1:10, 1:100, 1:1,000, and 1:10,000 with cor-
responding amounts of sterilized tap water and 0.1 cm3 
of E. rhusiopathiae bacteria cultures. The like ratios of 
E. rhusiopathiae cultures and sterilized tap water were 
used as the control samples. The E. rhusiopathiae stock 
cultures were taken out for inoculation from one and 
the same tube, so, the initial density of bacteria was 
equal both in test and control samples.

E. rhusiopathiae bacterias’ density population was 
determined after 48-h exposure of samples preserved 

at temperature of 18 20 º . The 0.1 cm3 samples were 
plated at nutrient agar (AES Chemunex) at serial dilu-
tions 1  10 3 and 1  10 4 and cultivated during 72 h at 
temperature of 36.7 ± 0.3 º . The grown microorgan-
isms colonies were calculated using the MBC-10 mi-
croscope. After that the average number of alive bac-
teria in 1.0 cm3.

The response of L. interrogans to the in  uence of 
broadleaf cattail’s root diffusates was examined under 
the following conditions: the test samples contained 
0.4 cm3 of secretions’ sterilized dilution and 0.1 cm3 
of leptospira culture. The test samples contained the 
analogous ratios of sterilized tap water and spirochetes’ 
culture. The spirochetes’ density in the samples were 
determined after 24 h by means of the leptospira count-
ing cells technique [17].

The results obtained in consequence of performed 
explorations were processed with standard statistical 
techniques [18].

RESULTS AND DISCUSSION 

E. rhusiopathiae cells density inventory test and con-
trol samples with subsequent comparison proved that 
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Table 3. L. interrogans Cells Density In Test and Control Samples Upon In  uence of T. latifolia Root Diffusates

Leptospira Cells Density, mln/cm3

L. grippotyphosa L. icterohaemorrhagiae L. tarassovi

Test Control Test Control Test Control

1,83
2,16
1,94
2,32
2,00

5,20
5,37
5,44
4,89
5,35

2,56
2,14
2,47
2,30
2,28

4,40
4,65
4,93
4,74
4,78

1,33
1,72
1,17
1,00
1,28

2,15
2,33
1,98
2,00
2,29

Arithmetic Average

2,05 5,25 2,35 4,70 1,30 2,15
t

21,93 18,32 5,46

Note. t – Student’s coef  cient; tcr = 5,04  critical value of characteristic t;  = 0,001.

broadleaf cattail’s root diffusates provide stimula-
tory in  uence upon these microorganisms’ popula-
tions (Table 2). Foremost, the stimulatory effect was 
reported in the samples with insuf  cient dilutions 
(1:10) of the trial plants’ root diffusates. On the aver-
age, E. rhusiopathiae cells density was in the test 
samples 23.5 times larger than in the control ones at 
this dilution rate.

The set of tests with 1:100 dilution of broadleaf cat-
tail’s root diffusates the intensity of stimulatory impact 
on the E. rhusiopathiae bacteria populations remark-
ably decreased, though it was still notable enough, 
while the cells density was 4.3 times higher than in the 
control samples. The further reduction of broadleaf cat-
tail’s root diffusates concentration in the test samples 
(1:1,000 and 1:10,000) caused the decrease of stimula-
tory parameters as for the E. rhusiopathiae population. 
However, even so, difference in cells density for test 
and control samples was notable (approx. 1.5 times) 
and statistically-valid. The analysis of the obtained re-
sults as concerning the impact of the broadleaf cattail’s 
root diffusates on the trial L. interrogans spirochetes 
reported the following peculiarities (Table 3).

The difference in cells density in control (100 per 
cent) and test samples for examined serovariants of 
leptospira was L. pomona – 78.32 per cent; L. grip-
potyphosa – 69.96 per cent; L. icterohaemorrhagiae – 
50.00 per cent; L. kabura – 48.94 per cent; L. tarasso-
vi – 39.54 per cent; L. canicola – 27.52 per cent. The 
higher rate of cells in control samples as compared to 
the test ones, granted the statistically-valid difference 
proves the inhibitory effect of the T. latifolia root dif-
fusates on the pathogenic leptospira. At the same time, 
only in case with L. pollonica the spirochetes’ density 
was higher in the test samples for 21.88 per cent than 
in the control ones. As the stated difference in the cells 
density is statistically-valid, this is the proof of the 

stimulatory impact of the broadleaf cattail’s secretions 
on this stock culture of leptospira.

The populations of pathogenic microorganisms inter-
act with various species of aquatic organisms being a 
component of fresh water ecosystems. The nature of 
such interactions determines the current state, existence 
period of the above mentioned pathogenic microorgan-
isms’ populations, and so, the level of danger for both 
the animals and human being infecting in some parts of 
water areas to a great extent.

CONCLUSIONS
The performed laboratory tests reported the response 

of such pathogenic microorganisms, as L. interrogans 
and E. rhusiopathiae to the allelopathic effect of the 
higher plants, in particular, T. latifolia, by means of 
population density changes.

The obtained results afford ground for hypothesis 
that the broadleaf cattail’s thickets provide favorable 
conditions for E. rhusiopathiae pathogenic bacteria’s 
existence. The root diffusates of T. latifolia not only 
enhance the Erysipelotrixes survival, but also pro-
mote the signi  cant increase in their density, what 
strengthens the infecting both for the human being 
and animals.

Decrease in L. interrogans cells density in the test 
samples as compared to the control ones due to effect 
of the T. latifolia root diffusates allows to contemplate 
that the broadleaf cattail’s thickets provide unfavorable 
conditions for L. interrogans (except for L. pollonica) 
existence.

It is quite possible that the character of some "infec-
tion focal points" consists in the difference of favorable 
conditions for existence of various pathogenic micro-
organisms, what is determined with the peculiarities of 
vegetation cover and the allelopathic effect of the latter.
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With due regard to important epidemiological and 
epizootic signi  cance of the pathogenic microorgan-
isms in the nature, it is necessary to continue the ex-
ploration dedicated to determination of the tendencies 
in their existence and interaction within the environ-
ment.
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