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Abstract. ‘I'he etfect of pH, some chemicals and antibiotics on the growth of three strains each of Yer-
sinid eatercocolitica and Yersinia pyewdotubercuiosis were studied, Y. eaterovetives was lound Lo be more
talerant to the changes of pH and morc resistant to the tested chemicals and antibacterial agents than ¥,
pseudorubercilosis. The concentrations of oxgall, sodium deoxycholate, cobaltous sulfate, glycine and
chleramphenicol that are required for inhibition vary significantly between the two species under study.
This variation makes these agents good candidates tor any tormulation of a selective medium lor the selec-
tion of Y. emteracolitica from a sample which contains the two species. The concentrations of hile salls,
navobiocin and methicillin that are required for inhibition were observed to be very similar for the differ-
ent Yersinia strains. However, the concentrations required for inhibition are higher than the concentra-
tions required for U inhibiGom of muost ol e Gram-negutive bacteria and this may be useful in any for-
mulation of a selective medium for the selection of the two Yersiria species from a sample with a mixed
bacterial population.

Introduction

Yersinia enterocolitica and Yersinia psewdotuberculosis are Gram-negative rods of
the family Enterobacteriaceae[1, pp. 448-506]. They share a variety of physiological,
biochemical, serological, and virulence properties which include the following:
Motility at 22-28°C but not at 37°C, possession of two plasmids with an identical size
and roles, ability to produce a protein- lipoprotein complex (V and W antigen), and
requirement of calcium for growth at 37°C but not at 26°C [2,3].

The two species have an animal reservoir such as domestic and wild mammals
and birds. Their transmission to humans is through food contaminated by animal
excreta or by direct contact with infected snimals and consumption of infected meat
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[4]. Further. Y. enterocolitica is also transmitted by water [5]. Once transmitted to
humans. the virulent strains from the two species could lead to diarrhoeal diseases,
both acute and chronic. and acute mesenteric lymphadenitis and terminal ileitis
[6,7].

This study was under taken to compare the two species for sensitivity to some
selected chemicals and antibiotic agents and for the effect of pH on their growth. This
comparison should give some valuable results which might be used for the selection
of either of the twu species from a medium which contains both or selection of the
two species from a sample with mixed bacteria! population.

Materials and Method

Bacterial strains

Y. emterocolitica (strains NCTC 10460, ATCC 23715 and 8272) and Y.
pseudottberculosis (strains NCTC 10275, NCTC 824 and PB1) were obtained from
the American Type of Culture Collection (ATCC), the National Collection of Type
Cultures (NCTC) and from other sources (8272 and PB1) described by Salamah and
Charnetzky [8]. They were grown in blood agar base slants (Difco) at 26°C and stored
in the refrigerator with menthly transfers.

Effect of pH on growth

The cffect of pH on growth was determined using Higuchi and Carlin [9]
medium supplemented with 2.5 mM calcium. The pH value of the medium was
adjusted at 5.5, 7.5 and 9.5. Media with different pH values was poured in 250 ml
flasks (50 ml/flask). inoculated with an equivalent number of cells, and incuhalted
with continuous shaking at 26°C. Samples were removed at 2 hr intervals, diluted by
0.85% sahine, spread on plates of blood agar base supplemented with 2.5 mM cal-
cium, and counted after 20 hr incubution at 26°C.

Effect of chemical agents

The effect of chemical agents (BDH) was studicd by sprcading an appropriate
dilution of cells grown for 14 hr on blood agar base plates (10? colony-forming units/
plate) containing different concentrations of the chemical agent under test. The
blood agar base without any test chemical was used as a control. The colonies were
counted after an incubation period of 48 hr at 26°C. The percent recovery was ¢sti-
mated by comparing the total count of cells plated on trecated blood agar base to the
count of cells vn non-treated blood agar base.

Effect of the antibacterial agents
The effect of the antibacterial agents was determined by using a stock solution
(2 mg/mi) of the dissolved antibiotics (WINLAB). The cells were spread on blood
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agar base plates (10* colony-forming units/plate) containing different concentrations
of the test antibiotic and on non-treated blood agar base plates as a cantrol. The con-

centration of any antibiotic giving 3 colonies or less was recorded after an incubation
period of 48 hr at 26°C.

Results

Effect of pH on growth

The effect of pH on the growth rates of {our strains of Y. enteracolitica and Y.
pseudotuberculosis is shown in Fig. 1. The strains of the two species grew at an equal
rates at pH 7.5. The pH value higher or lower than 7.5 reduced the growth rate for
all the tested strains, however, all the strains were morc tolerant to alkaline pH than
to acidic pH and the growth rates of Y. pseudotuberculosis strains were severely
retarded at pH 5.5,

The results for the effects of pH on the growth rates of strains 272 and PB1 were
essentially the same as that shown for the other four strains.

Effect of the chemical agents

Table | shows the percent recovery of the strains of the two species in the pre-
sence of different selective chemical agents. The concentration of the chemical agent
which was inhibiting the two species al the maximum variable and workable degree
wus chosen as the appropriate concentration for comparison which is presented here.
It was observed that Y. pseudotuberculosis strains were inhibited morc than Y.

Table 1. Effect of some selected chemicals on the growth of some selected strains of ¥, enferocolitiva and
Y. pseudotubercuiosis.

Percent recovery

Chemical Concentration Y. enteracolitica stralns Y. psendotuberculasis sirains
agent % NCTC 10460 ATCC 23715 8272 NCTC 10275 NCTCSB24  FPBI
Oxpall 55 88 byl K2 44 56 51
Sodium azide 0,005 i} 0 0 0 0 [\l
Saudium

deoxycholate 1.5 R4 81 82 52 39 48
Cobaltous sulfate 0.1 13 13 12 i] 4 &
Glycine 0.1 83 83 H0 46 53 52
Lithium chloride 0.2 45 47 45 36 31 35

Bile salts s 87 81 az &0 77 77
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enterocolitica strains by most of the tcsted chemicals. Bite salts, however, inhibitcd
the strains of the two species (0 an approximately equal extent. Growth in the pre-
sence of 0.005% sodium azide was completely inhibited for both.

Effect of the antibacterial agents

The antibacterial agents used in this study arc shown in Table 2. The Y.
pseudotuberculosis strains were inhibited by a lower concentrations of chloram-
phenicol, ampicillin and kanamyein than Y. enterocolitica strains. The other antibio-
tics exhibited similar inhibitory concentrations for both species.

Tahle 2. Effect of some selected antibiotics on the growth of some selected strains of Y. enterncolitic und
Y. pseudotuberculosis.

Minimal inhibitory concentration (xg/ml)

Antibiotic Y. enterucoliticastralng Y. pseudotuberculosis strains

agent NUTC 160 ATCC 23715 8272 NCTC 10275 NCTC 824 PBL
Chloramphenicol 10 12 ] 2 ! 2
Ampicillin 0 3 ] <l 1 2
Novobiocin 200 20 205 195 180 185
Neomyin 3 5 4 2 2 1
Methicillin 120 140 120 115 114 105
Kanamycin 3 H 3} 1 =1 !
Gentamyuin 1 2 1 1 <1 <1

Discussion

The increasing recovery of Y. enteracolitica and Y. pseudotuberculosis from
foods and their cause of some human diseases necessitate the development of a good
selection medium.

A number of studies were undertaken by several authors for the isolation of
these two species from foods and water using a sclective method based upon their stu-
bility at high sodium hydroxide concentrations [4.5.10,11]. This method, however, is
not efficient lor their isolation from a variety of sources. The development of a suit-
able selection medium which would be useful for their detection in samples from a
varicty of sources requires preliminary physiological and sensitivity studies. This
paper deals with comparative studies betwecn some selected strains of the two
species. This approach will be uscful not enly for the development of a new selection
medium which will allow the growth of the two species and inhibit the non Yersinia
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species, but also for the development of a selection medium which will allow the
growth of one specics and inhibit the other.

It was observed during this study that Y. enserocolitica was more tolerant to
changces in pH. This observation might be useful in the selection for Y. enterocolitica
trom a sample which contains both species, simply, by slowing the growth rate of Y.
pseudotuberculosis.

‘The variations in the sensitivity of the two species to the antibiotics and the
chemicals examined will also assist in the sclective recovery of Y. enrerocolitica
strains, because the Y. pseudotuberculosis strains were inhibited at a lower concen-
tration of most of the agents studied.

‘The tolerance of bile salts by the two specics is very significant. Bile salts com-
hine with the divalent cations inhibiting most of the Gram-negative bactcria [12].
The virulent species under study, however, requires calcium for growth at 37°C bul
not at 26°C [2,3]. Therefore, hile salts when used as a selective agent should be used
at 26°C.

Gram-negative bacteria vary with respect of the sensitivity to the antibiotics
studied [13|. Chloramphenicol inhibits the growth of a wide range of Gram-negative
and Gram-positive bacteria. The minimum inhibitory concentrations obtained here
vary significantly between the two specics under study which makes this antibiotic
useful as a selective agent for Y. enterocolitica strains, because they tolerated this
antibiotic at a higher concentrations than Y, pseudotuberculosis,

Novobiocin and Mcthicillin werce telcrated by the strains of the two speciesat a
concentrations which are active against certain other Gram-negative bacteria, and
therefore, they are pood selective agents for the Yersinia species under investigation.

‘The studics reported here have shown clear differences between Y.
enterocelitica and Y, pseudotuberculosis with respect to pH and scnsitivity to some
selected agents. These differences should be taken into consideration in any future
studies concerning their selection from the samples with mixed bacterial popula-
tions.
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1. Effect of pH (circles pH 7.5, triangles pH 9.5, squares pH 5.5) on the growth of ¥. enferocolitica
(panel A; closed symbols represent strain NCTC 10460, open symbals represent strain ATCC
23715) and ¥, pseudotuberculosis (panel B; closed symbola represent straln NCTC 10275, open
symbols represent strain NCTC 824).
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