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Abstract

The influence of the presence of bacteriophage ZD5, temperature, pH and the interaction of these factors on 
survival of Y. enterocolitica cells in pond water and buffers was examined. The presence of bacteriophage ZD5 
and temperature have substantial influence on survival of Y. enterocolitica cells in buffers with different pHs. 

The statistical analysis showed a significant influence of the presence of phage ZD5 on the decrease 
in the number of Y. enterocolitica cells incubated in buffers with pHs 6, 7, and 8. In the presence of phage 
ZD5, pH itself turned out to be of no significance because the average numbers of Y. enterocolitica cells 
obtained in pHs 6, 7, and 8 did not differ significantly at p≤0.05. Statistical analysis confirms significant 
influence of the presence of phage ZD5 on the reduction of the number of Y. enterocolitica cells in pond 
water at both 4oC and 20oC. The lowest average value of the number of cells was obtained at 4oC in the 
presence of phage ZD5, both in the tested buffers and in the pond water.

Keywords: Yersinia entrocolitica, survivability, bacteriophage 

*Corresponding author; e-mail: bkot@ap.siedlce.pl

Introduction

Yersinia enterocolitica is a widespread Gram-negative 
species which contains several serotypes, some of which 
are pathogenic to humans. The major pathogens in Europe, 
Canada, Japan, and South Africa belong to serotypes O:3 and 
O:9, and those in the United States belong to serotype O:8 [1]. 
Domestic and wild animals represent a natural reservoir of Y. 
enterocolitica. Pathogenic and nonpathogenic strains are fre-
quently isolated from various animals (birds, mammals, and 
reptiles) as well as from the environment. Pigs are considered 
as the basic hosts for these bacteria, in particular for the se-
rotype Y. enterocolitica O:3 [2-5]. This microorganism was 
isolated from soil and water of different purity: well water, 
spring water bacteriologically stated as clean, surface waters 
classified into the first and second class of purity, heavily 
contaminated water [6]. They were also found in food (meat, 

milk, eggs, vegetables) contaminated with faeces of infected 
animals or secondarily during the technical process [7, 8, 9]. 
The ability of Y. enterocolitica to multiply at low temperatures 
can account for the increase in foodborne infections caused 
by these organisms as a result of the wide diffusion of refrig-
erated products. Y. enterocolitica multiplies and produces en-
terotoxin at 4oC. This enables long survival of these bacteria 
in cold water or refrigerated food. It has been observed that 
they can survive in cooled water for six months [6]. Bacte-
riophages are ubiquitous in the environment [10]. Phages are 
detected where bacteria are present: mainly in sewage water, 
rivers and other waters as well as in the alimentary tract of 
people and animals and in food products. The spread of bac-
teriophages causes their significant biological role resulting 
from lytic and lysogenic cycles.

The aim of the study was to evaluate the influence of 
bacteriophage ZD5, temperature, pH and the interaction 
of these factors on the survival of Y. enterocolitica cells in 
pond water and buffers. 
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Materials and Methods
Microorganisms

The four strains of Y. enterocolitica O:3 including two 
isolated from human faeces and two isolated from pigs were 
used in the study. (These strains were previously described 
[11]). Serotyping was performed by slide agglutination of 
live cultures grown overnight on horse blood agar using 
antisera for slide agglutination (ITEST plus s.r.o. – Czech 
Republic). The bacteria were grown in LB broth at 25oC for 
24 h. 0.2 ml of this culture was transferred to 5 ml the LB 
broth and was cultivated with shaking for 4 h at 25oC. Then 
the culture was centrifuged at 3000g for 20 min and the 
cells were resuspended in phosphate-buffered saline (PBS) 
at approximately 107CFU/ml. 

Bacteriophage ZD5 was obtained thanks to Prof. C. 
Calvo from the University in Granada, Spain. The phage 
ZD5 was isolated from surface water sample collected in 
Granada.  Phage ZD5 was grown in bulk by the standard 
agar layer technique [12] on Y. enterocolitica serotype 
O:3 strain 40.

Assays Conditions

The investigation was performed at 4oC and 20oC in 
presence or absence of bacteriophage ZD5. The survival 
of the tested Y. enterocolitica strains was investigated in 

pond water (previously filtered through the 0.2 µm cel-
lulose nitrate filter - Sartorius) and in phosphate buffers 
(pH 6; 7; 8). One ml of Y. enterocolitica cell suspension 
was transferred to 99 ml of the tested water and buffers. If 
necessary 0.2 ml dilution of the bacteriophage ZD5 sus-
pension was added to samples at approximately 106 - 107 
PFU/ml (plaque-forming units). After 24 h, 48 h, 72 h and 
96 h the densities of Y. enterocolitica cells were deter-
mined by plating the dilutions of culture on TSA plates. 
Statistical analysis was performed with the GLM Proce-
dure of SAS programme. The significance of differences 
was defined at p≤0.05.

Results and Discussion

Influence of the presence of bacteriophage ZD5, tem-
perature, pH and the interaction of these factors on sur-
vival of Y. enterocolitica cells in pond water and buffers 
was examined. All the tested Y. enterocolitica strains were 
sensitive to the phage ZD5 [13]. The presence of bacte-
riophage ZD5 and temperature have substantial influence 
on the survival of Y. enterocolitica cells in buffers with 
different pHs. 

Statistical analysis showed a significant influence of 
the presence of phage ZD5 on the decrease in the number 
of Y. enterocolitica cells incubated in buffers with pHs 6, 
7, and 8 (Table 1).

Comparing average numbers of Y. enterocolitica cells 
obtained in the tested buffers containing phage ZD5 with 
average numbers obtained without phage ZD5, significant 
differences were observed in each buffer. In the presence 
of phage ZD5, pH itself turned out to be of no significance 
because the average numbers of Y. enterocolitica cells ob-
tained in pHs 6, 7, and 8 did not differ significantly at 
p≤0.05; the significant difference was obtained only at pH 
9 (data not shown). However, the incubation of the tested 
strains in buffers with different pHs without phage ZD5 
caused the obtained average numbers of Y. enterocolitica 
cells to differ significantly at p≤0.05. The highest average 
value were obtained at pH 7 (Table 1). A significant factor 
influencing the number of Y. enterocolitica cells was also 
temperature both in the presence and absence of phage 
ZD5 (Table 2). The lowest average value of the number 

Table 1. Influence of phage ZD5 and pH on number (ln) of Y. enterocolitica  cells.

Phage ZD5

The number of Y. enterocolitica cells

AveragepH

6 7 8

Present 8.41(A) 9.11(A) 8.61(A) 8.71

Absent 12.62(A) 15.52(B) 14.12© 14.12

Average 10.7A 12.3B 11.3A 11.4

Explanation: average values in columns designated with different numbers differ significantly at p≤0.05; average values in lines desig-
nated with different letters differ significantly at p≤0.05

Table 2. Influence of phage ZD5 and temperature on number (ln) 
of Y. enterocolitica  cells in buffers with different pHs. 

Temperature

The number of Y. enterocolitica cells

Phage ZD5

Present Absent

4oC 5.51(A) 12.21(B)

20oC 11.62(A) 15.92(B)

Average 8.7A 14.1B

Explanation: average values in columns designated with differ-
ent numbers differ significantly at p≤0.05; average values in lines 
designated with different letters differ significantly at p≤0.05
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Table 3. Influence of pH and temperature on number (ln) of Y. enterocolitica cells. 

Temperature

Number of Y. enterocolitica cells

AveragepH

6 7 8

4oC 8.01(A) 9.481(B) 9.451(B) 9.01

20oC 12.92(A) 15.12(B) 13.22(A) 13.72

Average 10.7A 12.3B 11.3A 11.4

Explanation: average values in columns designated with different numbers differ significantly at p≤0.05; average values in lines desig-
nated with different letters differ significantly at p≤0.05.

Table 4. Influence of phage ZD5 and temperature on number (ln) 
of Y. enterocolitica  cells in pond water.

Temperature

Number of Y. enterocolitica cells

Phage ZD5

Present Absent

4oC 4.91(A) 10.321(B)

20oC 11.32(A) 13.42(B)

Average 8.2A 11.9B

Explanation: average values in columns designated with differ-
ent numbers differ significantly at p≤0.05; average values in lines 
designated with different letters differ significantly at p≤0.05.

of Y. enterocolitica cells was obtained at 4oC in the pres-
ence of phage ZD5. The dependence of the number of Y. 
enterocolitica cells on the incubation temperature and pH 
is shown in Table 3. At 4oC no significant difference was 
obtained between the average values at pHs 7 and 8; these 
average values were the highest. At 20oC the average 
numbers of cells did not differ significantly at pHs 6 and 
8, and the highest average number of cells was obtained at 
pH 7. Statistical analysis confirms significant influence of 
the presence of phage ZD5 on the reduction of the number 
of Y. enterocolitica cells in the pond water both at 4oC and 
20oC. The lowest average value of the number of cells was 
obtained at 4oC in the presence of phage ZD5 (Table 4).

Y. enterocolitica is, among Yersinia, the single species 
in which lysogeny has been shown [14]. Bacteriophages 
isolated from lysogenic strains of Y. enterocolitica and ac-
tive on other strains are used for classification of Y. en-
terocolitica in various phage types [14, 15]. The process 
of phages binding to the surface of bacteria, thus caus-
ing the lytic cycle in them depends on temperature, pH, 
medium, microorganisms motility and the presence of the 
specific receptors for a particular bacteriophage. The ZD5 
phage is a lytic one and shows the lytic activity only on Y. 
enterocolitica 03 strains [13, 15]. Our investigation aim-
ing at the determination of sensitivity of Y. enterocolitica 
to phage ZD5 at 4oC and 20oC showed that the phage was 
a major factor reducing cell number at both low and high 
temperatures. The observed greater activity of phage ZD5 

at 4oC may be due to the limited increase in cell number 
of the tested strains at this temperature. Y. enterocolitica 
rods are sensitive to pH of the environment. They grow 
in medium with pH ranging from 4.4 to 9 [16]. Domi-
nowska [17] obtained different results investigating rods 
of the same genus. She found that Y. pseudotuberculosis 
survives for over 20 days in NaCl with pH 5-9, but in pH 
3 and 12 it disappears after 1-30 hours. In our investiga-
tion, analyzing pH and incubation temperature it turned 
out that in 6-8 pH without phage ZD5, a significant fac-
tor influencing the inhibition of Y. enterocolitica growth, 
was the temperature 4oC, while in pH 9 – the pH itself 
(data not shown). Y. enterocolitica shows the ability to 
survive and proliferate in distilled, drinking and chlori-
nated water. The obtained results confirm the ability of 
Y. enterocolitica to survive and proliferate in water. The 
time of survival of Yersinia rods in water depends closely 
on temperature. These bacteria were detected in water at 
4oC for 36 days, at room temperature – for 11 days, and 
at 30oC – for 7 days [6]. The presence of Yersinia rods 
in well water was investigated by Malaszewska et al. 
[18]. They isolated these rods from water samples con-
forming to the sanitary regulations and from samples of 
water contaminated with E. coli and coliforms. Among 
the isolated strains Y. enterocolitica species was predomi-
nant. Isolating Y. enterocolitica rods not only from people 
and animals, but also from food, water and soil indicates 
their spread in nature. These bacteria are resistant to un-
favourable environmental conditions. The wide spread of 
bacteriophages is, on the other hand, a significant factor 
limiting the number of bacteria in the environment, thus 
resulting in biological purification.
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