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Implications of Yersinia enterocolitica biotyping
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Abstract
The utility ofa simple biotyping scheme to
differentiate pathogenic and non-patho-
genic strains of Yersinia enterocolitica was
determined for 79 patients who were
admitted to or attended a reference
children's hospital in western Canada.
Biotyping defined predominantly two
subsets of Y enterocolitica. 'Pathogenic'
strains were more likely to have been
obtained from younger patients (mean age
61-9 months) who experienced an acute
gastrointestinal illness that was occasion-
ally associated with bloody diarrhoea or a
surgical procedure. Growth of Y entero-
colitica from selective solid bacteriological
growth media were often in the moderate
to heavy range (82-0%). In contrast, 'non-
pathogenic' strains were more often
obtained from older patients (mean 116-0
months) who were already recognised to
have suffered from a chronic illness and
who were likely to have been admitted to
hospital. Moderate to heavy growth of
bacterium in stool specimens were in-
frequently (1744%) obtained from the
latter patients. The use of a simple bio-
typing scheme for the differentiation of
Y enterocolitica strains has the potential to
improve patient care.
(Arch Dis Child 1994; 70: 19-21)
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Yersinia enterocolitica is an important aetio-
logical agent of paediatric gastroenteritis.
Considerable progress has been made in the
understanding of the molecular biology of the
bacterium and the clinical spectrum of associ-
ated illnesses. Despite these gains, controversy
has continued to surround the practical
laboratory definition of pathogenic strains.

Early studies of gastrointestinal yersiniosis
were, in retrospect, hindered by the lack of
appreciation for the species diversity of what
was then known singularly as Y enterocolitica. 1 2
This species designation was subsequently
modified to the extent that several other
species have been defined (for example, Y
frederiksenii, Y intermedia, and Y kristensenii
among others), and there is general agreement
that these latter species are unlikely to be
enteric pathogens. Further work determined
however that, of the strains that were appropri-
ately designated Y enterocolitica, pathogenic
and non-pathogenic variants could again
be differentiated.3 This differentiation was
believed to be possible through the use of
serotyping, biotyping, direct determination of
the presence of a virulence plasmid, or indirect
determination of phenotypic traits that are
virulence plasmid dependent.4-6 The practical
utility and clinical relevance of these methods
for delineating pathogenic or non-pathogenic

isolates has been questioned.7 8 Variability in
the bacterial expression of virulence markers
has been recognised and may account for some
of the confusion in this area.9
A practical biotyping method for discrimi-

nating putative pathogenic and non-patho-
genic Y enterocolitica has been described and its
value more recently affirmed.39 This typing
method could conceivably be completed
within a 24-48 hour period after a stool isolate
has been defined as Y enterocolitica. Such rapid
and accurate designation would potentially
affect decision making for both medical man-
agement and hospital infection control. We
detail herein our experience with the biotyping
scheme and explain its implications for patient
management.

Patients and methods
Seventy nine isolates of Y enterocolitica were
isolated from individual patients over seven
years (1986-92). The identifications of these
bacteria were confirmed by two independent
biochemical systems. Many isolates were also
confirmed as Y enterocolitica by a reference
laboratory, and serotyping was available for
some strains as well.

Additional biotyping was performed in
retrospect on isolates that had been maintained
frozen at -70°C. Bacterial isolates had been
passaged s-3 times before preservation and
were subcultured once before biotyping. The
extended biochemical tests included aesculin
hydrolysis, salicin fermentation, and pyrazi-
namidase activity.5 9 Each assay was incubated
at 25°C for 48 hours. The designation of
'pathogenic' biotype was given to those strains
that were negative in all three tests whereas
'non-pathogenic' biotypes were positive in all
three assays.

Demographic and clinicalfeatures ofpatients from whom
pathogenic and non-pathogenic biotypes were isolated

Pathogenic* Non-pathogenic*
biotypes biotypes
(n =56) (n =23)

Gender
Boys
Girls

Mean (range) age
in months

Acute illness*
Bloody diarrhoea
Co-pathogens
Chronic underlying

illness
Surgical procedure
Semiquantitation

in culturet
3+
2+
1+
VL

32
24
61-9

(3-179)
52/52
13/52
4/56

8/54
7/56

34
7
8
1

. 12
11

116-0
(14-220)

12/23
1/23
3/23

21/23
1/23

p Value

0-88

<0-001

<0-001
0 05
0-41

<0-001
0-43

<0 001
3
8

11

*See definitions in text.
t3 +, 2+, and 1 + refer to growths in tertiary, secondary, or
primary areas of solid selective bacteriological media. VL refers
to the presence of very few colonies, usually fewer than 5.
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Patient records were reviewed in retrospect in
order to examine the relationship of biotype to
disease process, but the reviewer was blinded
with respect to the specific biotype. An 'acute
illness' was defined as recent onset of a
diarrhoeal illness or acute abdominal pain with
or without diarrhoea. Patient data were also
examined for gender, age, history of bloody
diarrhoea, chronic underlying illness, resultant
surgical procedure, and site of medical care,
that is, inpatient or outpatient. These details
were obtained in full for most patients despite
the retrospective review. The inability to acquire
all ofthe data for each patient is reflected by the
denominator for frequency calculations in the
table. Co-pathogens were recorded, although
the extent of co-pathogen search was not con-
sistent among these patients because of the
retrospective information gathering. Laboratory
records of semiquantitation of the bacterial iso-
lates on primary solid selective and differential
media were available for 73 patients. Semi-
quantitation was recorded as VL, 1+, 2+, and
3 +. The VL designation referred to a few
colonies (<5), whereas 1+, 2+, and 3+
referred to isolation in primary, secondary, and
tertiary areas of bacteriological agar plates.
Throughout the seven years when isolates were
acquired, cefsulodin-irgasan-novobiocin media
were utilised specifically for the isolation of
Y enterocolitica. Cold enrichment techniques
were not employed at any time.
The x2 and t tests (two tailed) were used to

assess the probability of a difference between
patient groups.

Results
Details of demographic and clinical variables
associated with pathogenic and non-patho-
genic biotypes are illustrated in the table.

Patients with the pathogenic biotype were
significantly younger and less likely to have
been admitted to hospital with a chronic ill-
ness. The pathogenic biotype was more fre-
quently associated with an acute, presumably
gastrointestinal, illness and also more
commonly associated with overt bloody
diarrhoea. These patients were often febrile
(64-2%) and a history of emesis was not
uncommon (38.5%). Among children of ages
-3 years, whose clinical history was likely to be
more reliable, abdominal pain was frequent
(81 3%). Altogether 42-3% of patients with
abdominal pain had the discomfort well
localised to the right lower quadrant of the
abdomen; most of the others gave descriptions
of pain that was crampy and diffuse or peri-
umbilical; an intussusception was documented
radiologically in one patient. For those isola-
tions where results were recorded, there was
clearly a predominance of greater semiquanti-
tations among specimens that yielded the
pathogenic biotype.

Other putatively pathogenic micro-
organisms were uncommonly identified in the
clinical specimens of patients regardless of
whether the concomitantly isolated Y entero-
colitica biotype was classified as pathogenic or
non-pathogenic. The other potential aetio-

logical agents of gastroenteritis included: (a)
along with pathogenic - giardia, Campylobacter
jejuni, enteropathogenic Escherichia coli, and
Clostridium difficile, and (b) along with non-
pathogenic - Aeromonas spp, C difficile, and a
pure heavy growth of Candida albicans. All of
these other agents were isolated in singular
instances.

Approximately 40% of patients with patho-
genic biotypes were treated on an outpatient
basis only, whereas all of the patients with non-
pathogenic biotypes had been admitted to
hospital, often with a severe chronic under-
lying illness. Among the latter, most (63'6%)
had Y enterocolitica cultured from stool speci-
mens that had been acquired well into the
hospital admission. The chronic illnesses
most often included malignancies (n= 8),
nephropathies (n=4), failure to thrive (n=3),
and chronic abdominal pain (n=3). The
identification ofY enterocolitica as a presumable
enteric pathogen in a patient, who was already
admitted to hospital for another illness, often
prompted a change to alternate infection
control precautions.

Eight surgical procedures among all patients
were recorded. Among the patients with
pathogenic biotypes, all surgical interventions
occurred among patients with acute abdominal
pain. At the time of the operative procedure,
the clinical diagnoses included terminal ileitis
(n=4), mesenteric adenitis (n=2), or peri-
tonitis (n= 1). Three appendices were removed
and two of these had evidence of mild
inflammation. The laboratory isolations of Y
enterocolitica were known only after surgery in
all of these patients. The single patient with a
non-pathogenic strain who underwent surgery
had a longstanding history of recurrent severe
abdominal pain, and intraoperatively, a large
mesenteric cyst was discovered to be respon-
sible for both the pain and an associated
intermittent bowel obstruction.
Of the total 79 Y enterocolitica isolates, only

two strains did not clearly fall within the patho-
genic and non-pathogenic biotype patterns.
Both of these were pyrazinamidase positive
and aesculin/salicin negative. One such patient
was admitted to hospital with a short history of
abdominal pain and emesis, and physical
examination found evidence of tenderness and
guarding in the right lower abdominal quad-
rant. This patient was subjected to an opera-
tive procedure, and cultures of a lymph node
yielded a pure growth of Y enterocolitica. The
other strain with an odd biotype was isolated
from the stool ofa 3 year old new diabetic child
who did not have active diarrhoea but had had
only one watery stool. This patient did not
subsequently manifest diarrhoea and an
enterovirus was isolated from stool as well.

Information on the serotyping of 18 isolates
was available. Pathogenic biotypes were of
serotypes 3 (n=8), 8 (n=2), 28 (n=l), 5,27
(n= l), and non-typable (n= l). Non-patho-
genic biotypes were of serotypes 5 (n= 1), 6,30
(n= 1), 7,8 (n= 1), and non-typable (n=2).
These results are consistent with the designa-
tion, by others, of pathogenic and non-patho-
genic serotypes.
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Discussion
The designation of pathogenic and non-patho-
genic variants of Y enterocolitica has been
hindered to some extent by the changes that
may occur for some phenotypic traits after in
vitro passage.9 Although serotyping has gener-
ally proved to be a valuable and consistent tool
for differentiating Y enterocolitica isolates, the
technique has been restricted to reference
centres; therefore, the results have been mainly
of retrospective value. The use of genetic
probes for defining virulence is of potential
benefit,'0 but a practical method with this
technology for routine laboratory use is not yet
available. The definition of a simple, relatively
rapid, and economical scheme for determining
pathogenic and non-pathogenic strains is best
met at this time by the biotyping protocol as

defined herein and as justified by others.3 5 9

Although we support the clinical value of this
current biotyping scheme, it is acknowledged
that considerable efforts in the form of pre-
vious biotyping schemata,l 3 have been
directed towards achieving this goal.
As for most biotyping schemata where few

biochemical traits are being used, there are

always exceptions. From our data, it appears
that these exceptions are few (2-5%). The high
degree of consensus between pyrazinamidase
and salicin/aesculin biochemicals has been
previously demonstrated.5-7 9 Although it has
been proposed that salicin/aesculin negative
and pyrazinamidase positive strains are non-

pathogenic,6 others have published some
evidence to the contrary.9 The clinical details
of one of our patients with the latter biotype
confirms the pathogenic potential in view
of having had isolated the organism in
pure growth from a mesenteric node. The
infrequency of such intermediate biotypes does
not detract from the overall implementation of
this simple scheme.
Two previous reports have raised the

majority of potential opposition to the utility of
biotyping.7 8 In a study of predominantly adult
patients, Noble et al suggested that proposed
virulence markers (including biotype) did not
correlate well with clinical symptoms.7 It is
probable, however, that such inability to
associate any subset with disease could be
attributed to the fact that only a minority
(12-5%) of their Y enterocolitica isolates were of
the putatively pathogenic (salicin, aesculin,
and pyrazinamidase negative) biotype. Their
serotyping data also confirms that the majority
of their Y enterocolitica isolates were likely to be
non-pathogenic. It is probable that the use of
cold enrichment enhanced the ability to find
non-pathogenic serotypes/biotypes in their
patient population. More compelling evidence,
which detracts from the utility of biotyping,
has been published by Morris et al.8 In a

Chilean paediatric population, a study of birth
cohorts found a greater association of the
non-pathogenic biotype with diarrhoea. It is
evident, however, that the demographic
characteristics of their study patients were con-

siderably different from those of our own. The
marked difference in mean age between their
birth cohort and our patients is but one

important example; standards of public health
are certain to be important as well. We hypo-
thesise that our findings are much more likely
to be representative for Canada and the US,
especially given that our data are supportive of
the general experience in western Europe.'1 12

Pathogenic biotypes are in general isolated
from stools of younger children who mani-
fest an acute gastrointestinal illness that is
occasionally accompanied by bloody diarrhoea
and that occasionally leads to a surgical
procedure. Isolates from these patients will
be commonly present in moderate to heavy
quantities. In contrast, the patient who yields a
non-pathogenic biotype is more likely to be
older, and the growth of Y enterocolitica from
solid selective media is often light to scant.
This patient will often have a chronic under-
lying illness that has prompted hospital
admission. During the complicated course of
the latter patient's hospital stay, non-patho-
genic Y enterocolitica is found essentially as a
coincidence in the context of greater overall
investigations to which such a patient will be
subjected. Given that this patient commonly
has an underlying illness and is already
admitted to hospital, physicians will be biased
to prescribe an antibiotic and/or towards con-
sidering that such a patient should be handled
with enteric precautions. Both of the latter
approaches will complicate the case of an
already complex illness and may inappropri-
ately influence resource utilisation. We
propose that the implementation of the simple
biotyping scheme will lead to more sound
patient care.

We thank Dr Brenda Morrison for her assistance in the
statistical analysis.

1 Bottone EJ. Yersinia enterocolitica: a panoramic view of a
charismatic microorganism. Crit Rev Microbiol 1977; 5:
211-41.

2 Farmer JJ, Kelly MT. Enterobacteriaceae. In: Balows A
Hausler WJ, Herrmann KL, Isenberg HD, Shadomy
HJ, eds. Manual of clinical microbiology. Washington
DC: American Society for Microbiology, 1991:
360-83.

3 Wauters G, Kandolo K, Janssens M. Revised biogrouping
scheme of Yersinia enterocolitica. Connib Microbiol
Immunol 1987; 9: 14-21.

4 Wachsmuth K, Kay BA, Birkness KA. Diagnostic value of
plasmid analyses and assays for virulence in Yersinia
enterocolitica. Diagn Microbiol Infect Dis 1984; 2:
219-28.

5 Kandolo K, Wauters G. Pyrazinamidase activity in Yersinia
enterocolitica and related organisms. J Clin Microbiol
1985; 21: 980-2.

6 Riley G, Toma S. Detection of pathogenic Yersinia entero-
colitica by using congo red-magnesium oxalate agar
medium. J Clin Microbiol 1989; 27: 213-4.

7 Noble MA, Barteluk RL, Freeman HJ, Subramaniam R,
Hudson JB. Clinical significance ofvirulence-related assay
of Yersinia species. J Clin Microbiol 1987; 25: 802-7.

8 Morris JG, Prado V, Ferreccio C, et al. Yersinia entero-
colitica isolated from two cohorts of young children in
Santiago, Chile: incidence of and lack of correlation
between illness and proposed virulence factors. Jf Clin
Microbiol 1991; 29: 2784-8.

9 Farmer JJ, Carter GP, Miller VL, Falkow S, Wachsmuth
IK. Pyrazinamidase, CR-MOX agar, salicin fermentation-
esculin hydrolysis, and d-xylose fermentation for identify-
ing pathogenic serotypes of Yersinia enterocolitica. 7 Clin
Microbiol 1992; 30: 2589-94.

10 Robins-Browne RM, Miliotis MD, Cianciosi S, Miller VL,
Falkow S, Momrs JG. Evaluation of DNA colony
hybridization and other techniques for detection of
virulence in yersinia species. Jf Clin Microbiol 1989; 27:
644-50.

11 Van Noyen R, Selderslaghs R, Wauters G, Vandepitte J.
Comparative epidemiology of Yersinia enterocolitica and
related species in patients and healthy controls. Connib
Microbiol Immunol 1987; 9: 61-7.

12 Chiesa C, Pacifico L, Cianfranco V, Midulla M. Italian
experience with yersiniosis (1978-1985). Coniib Microbiol
Immunol 1987; 9: 76-88.

21
 on M

ay 15, 2023 by guest. P
rotected by copyright.

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/adc.70.1.19 on 1 January 1994. D
ow

nloaded from
 

http://adc.bmj.com/

