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Evaluation of the virulence potential
of Yersinia enterocolitica isolates from milk
by cell invasion-inhibition assay
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Abstract — The psychrotrophic nature of Yersinia enterocolitica is of particular significance in milk
and milk products that are normally refrigerated for considerable duration. Different virulence mar-
kers have been suggested to differentiate the non-virulent strains from virulent ones. The previous
study conducted in our lab, however, failed to show any consistent correlation amongst these mar-
kers. As the process of invasiveness of the strain comprises attachment to the intestinal epithelial
cell surface, leading to colonization, cell damage, internalization, disturbance of regulatory cell
mechanisms and intracellular proliferation, an attempt was made in the present study to evaluate the
virulence potential of Yersinia enterocolitica isolates from milk by cell invasion-inhibition assay.
The present study revealed the presence of Y. enterocolitica in about 32.7% of the raw milk samples.
Out of a total of about 36 confirmed isolates, only one isolate was found to be virulent based on the
cell invasion-inhibition assay.
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Résumé — Evaluation du potentiel de virulence de souches d’Yersinia enterocolitica isolées de
lait par un test d’invasion-inhibition cellulaire. La nature psychrotrophe d’Yersinia enterocoli-
tica a une importance particuliere dans le lait et les produits laitiers qui sont normalement conservés
longtemps au froid. Différents marqueurs de virulence ont été proposés pour différencier les sou-
ches non virulentes des souches virulentes. L’étude antérieure réalisée dans notre laboratoire n’avait
cependant pu démontrer aucune bonne corrélation entre ces marqueurs. Comme le processus
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d’invasion de la souche comporte 1I’adhésion a la surface des cellules épithéliales de 1’intestin con-
duisant a la colonisation, a la 1ésion de la cellule, a I’internalisation, a la perturbation des mécanis-
mes régulateurs de la cellule et a la prolifération intracellulaire, un essai a ét€ mis en place dans la
présente étude pour évaluer le potentiel de virulence d’isolats d’ Yersinia enterocolitica provenant
de lait par un test d’invasion-inhibition cellulaire. Les résultats révelent la présence d’ Yersinia ente-
rocolitica dans environ 32,7 % des échantillons de lait cru. Sur un total de 36 isolats confirmés, un

seul s’avérait étre virulent.
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1. INTRODUCTION

Yersinia enterocolitica, the cause of
yersiniosis, is widely distributed in the
environment. It is one of the few human
pathogens that can grow at refrigeration
temperatures and its presence in food is of
great public health concern. The psychro-
trophic nature of the microorganism is of
particular significance in milk and milk
products that are normally refrigerated for
considerable duration [1, 4, 7, 15, 17, 20].
Of greater consequence is the evaluation of
the virulence of strains [5, 23], since it is the
virulent strains, though encountered infre-
quently, that may cause food-borne illness.
On the other hand, most of the incidental
Yersinia could be non-invasive and may be
present in food products without causing
any ill effects. These strains are sometimes
also referred to as environmental strains.

A number of schemes have been pro-
posed to categorize the strains into at least
five biotypes [16]. Some of these biotypes
have now been accorded a species status.
Reference has often been made to biotype
1, that has recently been divided into 1A,
representing the strains of environmental
origin that are non-pathogenic, and 1B, that
are of human origin and are pathogenic. In
view of the importance of the virulence sta-
tus of the strains, different virulence mark-
ers such as colony morphology on trypticase
soya agar, crystal violet binding, congo red
uptake, calcium-dependent growth and
auto-agglutination reaction have been sug-
gested to differentiate non-virulent strains
from virulent ones. The previous study con-
ducted in our lab, however, failed to show
any consistent correlation amongst these
markers [8]. Some other authors have
reported on the virulence of Yersinia strains

in HeLa cells [18, 19] and human epithelial
(HEP 2) cells [10]. Similarly, the use of
human intestinal cell lines such as Caco-2
and Colo-320 has also been reported for
studying the invasion of enterovirulent
strains of Y. pseudotuberculosis [3] and
cytotoxicity of selected species [21]. As the
process of invasiveness of the strain com-
prises attachment to the intestinal epithelial
cell surface, leading to colonization, cell
damage, internalization, disturbance of reg-
ulatory cell mechanisms and intracellular
proliferation, an attempt was made in the
present study to evaluate the virulence
potential of Y. enterocolitica isolates from
milk by cell invasion-inhibition assay.

2. MATERIALS AND METHODS

2.1. Isolation of Yersinia
enterocolitica from milk samples

A total of 110 samples was screened for
the presence of Yersinia enterocolitica.
These consisted of 80 raw milk and 30 pas-
teurized milk samples. In order to have a
wider coverage, the samples were drawn
from various villages and mostly belonged
to single animal holdings. The organism
was isolated using the standard procedure
involving a primary enrichment step by tak-
ing 25 mL of well mixed sample in 225 mL
of peptone-sorbitol-bile broth (PSBB) and
incubating it at 10 °C for 10 d, followed by
alkali treatment (0.5% KOH in 0.5% saline),
and subsequent streaking on cefsulodin-
irgasan-novobiocin (CIN) agar plates. The
incubation was carried out for 48 h at 25 °C
and the typical colonies with a deep red
center (Bull’s eye) with a sharp border sur-
rounded by a clear, colorless zone with an
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entire edge were selected and further iden-
tified biochemically for the H,S produc-
tion, urease test, esculin hydrolysis, lipase
test, oxidase test, catalase test and Gram
staining [13].

2.2. Adherence assay

The adherence of the representative iso-
lates was observed using light and scanning
electron microscopy (SEM), while the
quantitative estimation was carried out by
cell invasion-inhibition assay.

For adherence studies, Colo-320 DM
monolayers were prepared on glass cover-
slips that were placed in six well tissue
culture plates in a CO, incubator. The mon-
olayers were washed twice with phosphate
buffered saline (PBS). A 100-uL sample of
the selected isolate was cultured in brain-
heart-infusion (BHI) broth for 24 h at 25 °C
and was added to each coverslip with a
monolayer of cell line. The tissue culture
plates with coverslips were incubated at
37 °C in 10% CO,: 90% air atmosphere.
After one hour of incubation, the monolay-
ers were washed five times with PBS and
fixed with methanol. For light microscopy
different staining techniques were followed
using Gram stain, Giemsa and light green.

For SEM studies, the tissue culture cells
were grown on glass chips (1 cm?2). After
the bacterial adhesion assay, as adopted for
light microscopy, the cells were fixed for
2h at 4 °C with 2.5% gluteraldehyde in
0.1 mol-L-! phosphate buffer (pH 7.4).
After two washes with phosphate buffer,
the cells were post-fixed for 1 h with 2%
osmium tetra oxide (OsO,) in the same
buffer. They were then washed three times
with phosphate buffer and dehydrated in
graded series of ethanol (30, 50, 70, 60, 90
and 100%). The cells were dried by freeze-
drying and were coated with gold. The
specimens were then examined with a
Hitachi S-405 scanning electron micro-
scope.

2.3. Pathogen cell invasion-
inhibition assay

Bacterial internalization was determined
by estimation of bacteria located within the

cells of the Colo-320 DM cell line using a
reference strain of Yersinia enterocolitica
(MTCC-861, obtained from IMTECH,
Chandigarh, India) and the milk isolates. To
carry out the invasion-inhibition assay, the
Colo-320 DM cell lines were grown on six
well tissue culture plates in RPMI-1640
medium supplemented with 10% fetal calf
serum. Healthy cells, as observed by the
inverted microscope, were taken for further
studies. The Colo-320 DM monolayers
were washed twice with phosphate buffer
saline (PBS) before the assay. About 2.0-
mL suspensions of 24-h-old BHI growth of
the Yersinia cultures, obtained at 25 °C,
were added to wells of tissue culture plates.
The plates were incubated for 2 h at 37 °C
in 10% CO,: 90 percent air atmosphere.
After incubation, the plates were washed
five times with sterile PBS and then incu-
bated for 60 min in a medium containing
100 pg of gentamycin-mL-1. Since the gen-
tamycin does not diffuse rapidly into the
cells, the bacteria that adhered to the brush
borders of Colo-320 DM were rapidly
killed. Contrary to this, the bacteria located
within the cells of the cell line were not
killed. The monolayers were then washed
with PBS and lysed with sterilized water.
Appropriate dilutions were plated on cefsu-
lodin-irgasan-novobiocin (CIN) agar plates
and incubated for 48 h at 25 °C to determine
the number of viable intracellular yersiniae.
Each assay was conducted in duplicate with
two successive passages of Colo-320 DM
cells [2].

3. RESULTS AND DISCUSSION

3.1. Yersinia enterocolitica
milk-borne isolates

The results obtained in the present study
indicated the presumptive presence of Y.
enterocolitica in about 73% of the samples
of raw milk. On the other hand, none of the
pasteurized milk samples were found to
contain the organism.

Of the 69 isolates, selected on the basis
of colony morphology, only 58 were iden-
tified as presumptive Y. enterocolitica
based on the biochemical identification
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Figure 1. Adhesion of a virulent isolate to Colo-320 DM cells (Giemsa stain, 1000X ).

scheme as described above. Similar tests
have also been used by other authors for
presumptive testing of samples [22].

The presumptive identification of the
isolates was followed by the primary char-
acterization and confirmation tests as per
Bergey’s Manual [6]. On the basis of these
tests about 47 isolates were primarily iden-
tified as Y. enterocolitica, which were oxi-
dase-negative and catalase-positive. On the
other hand, on the basis of additional tests
[6], such as the negative decarboxylase test
for lysine and arginine, inability to deami-
nate phenylalanine, motility at 25 °C, indole
production, a negative response to citrate
utilization and the Voges-Proskauer test (at
37 °C), and a negative or delayed positive
for the indole test, only 36 isolates were
finally identified as confirmed Yersinia
enterocolitica isolates. On the basis of the
final distribution pattern of these confirmed
isolates, it was concluded from the present
study that about 32.7% of the raw milk sam-
ples were positive for Yersinia enterocol-
itica. There have also been several
worldwide reports in the past regarding the
incidence of the organism in raw milk that
has varied from 13.1% in Sweden to 48.1%
in Wisconsin. On the other hand, its
reported presence in pasteurized milk has
mainly been due to either inadequate heat-
treatment or post-pasteurization contami-

nation [1, 4,7, 15, 17, 20]. Our results also
confirmed the adequacy of HTST pasteur-
ization in completely eliminating the organ-
ism.

3.2. Adhesion and invasive studies

Experiments conducted to establish the
infective capacity, using in vitro studies
with monolayers of Colo-320 DM cell
lines, revealed the potential of the virulent
isolates to adhere to human cell lines
(Fig. 1). It may be seen that the organisms
adhered to the periphery of the cell line, as
shown by Giemsa stain, under light micro-
scopy. However, neither Gram or light
green stains could achieve the desired
results. Our results support the previous
report on adherence using light microscopy
[9].

In the case of studies using scanning
electron microscopy, the interaction of the
organism and the surface of cultured cell
lines could further substantiate the results
on infectivity of the virulent isolates
(Fig. 2). As the intestinal epithelial cells act
as the first barrier to bacteria, the attach-
ment of pathogenic bacteria to the intestinal
epithelial cell-surfaces was reported to be
significant for colonization, cell damage,
internalization and disturbances of regula-
tory cell mechanisms [3]. The attachment to
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Figure 2. Scanning micrograph showing the penetration of a virulent isolate into the peripheral

region of Colo-320 DM cells (6000 ).

Table I. Invasion efficiency (IE%) of Colo-320 DM cell monolayers by virulent strains of Yersinia

enterocolitica.
Multiplicity of infection (cfu-mL-1)
Strains Inoculated After Gentamycin 1IE%
Treatment

Y. enterocolitica 4 x 102 3 0.75
(MTCC 861) 5% 102 4 0.80
Y. enterocolitica 4 x 102 2 0.50
(Raw milk isolate) 6x 102 2 0.33

the intestinal walls and penetration of the
mucosa was also suggested to facilitate the
survival and proliferation of the organism
in the host tissue [11, 12].

3.3. Cell invasion—inhibition assay

The infectivity was also shown directly
by plating techniques using a cell invasion-
inhibition assay. The data presented in
Table I reveals the invasion efficiency
(IE%) of the virulent isolate from raw milk
was 0.5%, as compared with 0.8 for the ref-
erence strain (MTCC 861). The present
investigation also revealed that at least one
raw milk isolate amongst the 36 confirmed
isolates of Yersinia enterocolitica showed
virulence potential by cell invasion-inhibi-

tion assay. A similar [E% was previously
also used as an index of infectivity for Lis-
teria monocytogenes [14].

4. CONCLUSION

The present study reveals the presence of
Y. enterocolitica in about 32.7% of the raw
milk samples. Out of a total of about 36 con-
firmed isolates, only one isolate was found
to be virulent based on the cell invasion-
inhibition assay. The study thus emphasizes
the importance of establishing the infective
properties of the Yersinia enterocolitica
isolates with techniques such as tissue cul-
turing, prior to formulating a further action
plan for its control.
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