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ANTIMICROBIAL RESISTANCE

f-Lactamase expression in Yersinia enterocolitica

biovars 1A, 1B and 3

INGO STOCK, PETER HEISIG and BERND WIEDEMANN

Pharmazeutische Mikrobiologie, University of Bonn, Bonn, Germany

Characteristic patterns of f-lactam susceptibility are associated with different biovars
of Yersinia enterocolitica. In a previous study differences in f-lactam susceptibility
among biovar 2, 4 and 5 strains were largely attributed to differences in expression
of fB-lactamase A (BlaA) and f-lactamase B (BlaB). The basis for differences in f-
lactam susceptibility of strains of biovars 1A, 1B and 3 is now considered. All the
strains examined had blaB; nine of 31 biovar 3 strains and two of 13 biovar 1B
strains had blaA, but PCR did not amplify blaA from biovar 1A strains.
Nevertheless, inhibition data indicated that the majority of uninduced biovar 1A
strains expressed BlaA and BlaB in similar amounts. Strong inducibility was seen in
all these strains. Biovar 1B strains (which were less inducible than strains of biovar
1A) predominantly produced BlaA without induction; ticarcillin-sensitive strains of
biovar 3 produced only BlaB but were not inducible; without induction biovar 3
strains resistant to ticarcillin and amoxycillin/clavulanate produced either predomi-
nantly BlaA, predominantly BlaB or exclusively BlaB and induction was demonstrated
except for strains producing BlaB alone; biovar 3 strains resistant to ticarcillin but
sensitive to amoxycillin/clavulanate predominantly produced BlaA without induction
and were inducible for pf-lactamase activity. After induction, nearly all strains
predominantly or exclusively produced BlaB. Although PCR amplification fragments
with primers specific for blaA were obtained only from some strains, the induction
and inhibition data suggest that all Y. enterocolitica strains possess enzymes related to
BlaA- as well as BlaB. Nevertheless, expression of the pf-lactamase is regulated
differently in different biovars and varies within most biovars. Failure to predict f-
lactamase expression profiles from MIC data indicates the presence of additional

mechanisms contributing to differences in susceptibility.

Introduction

Yersinia enterocolitica is a frequent agent of bacterial
enteritis and enterocolitis world-wide [1]. The species
is divided into six biovars (1A, 1B, 2, 3, 4 and 5) [2, 3],
which differ in their geographical distribution, ecolo-
gical niches and pathogenic properties. This study
investigated the [-lactamases of strains of biovars 1A,
1B and 3. Biovar 1A strains (i.e., serovars O:5; O:6, 30;
0:6, 31; 0:7, 8; 0:10; 0O:18; 0:46 and non-typable
strains) are distributed world-wide and are predomi-
nantly isolated from the environment, water, faeces and
food [1, 4—6]. They lack the virulence determinants of
invasive isolates and originally were considered to be
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non-pathogenic [1, 7]; however, there is evidence that
some strains are human-adapted and potentially
pathogenic [8]. Biovar 1A strains have been isolated
from clinical specimens [9—11] and a recent study
pointed to virulence-associated characteristics [12].
Strains of biovar 1B (serovars O:8; 0:4,32; O:13a;
0:13b; 0O:18; 0:20 and O:21) are frequently found in
association with human yersiniosis, mostly in the USA
and Canada (‘American strains’) [1], but occasionally
also in Japan and Europe [13—15]. Serovar O:8, biovar
1B is the most virulent type among Y. enterocolitica
[16], and accounts for severe yersinosis outbreaks in
North America [17—19]. The natural reservoir of biovar
1B strains is the environment and pigs (serovar O:8)
[1]. Biovar 3 strains (serovars O:1, 2, 3; O:5, 27) are
also a common cause of human yersiniosis world-wide.
Their natural reservoirs are usually restricted to pigs
and chinchillas [1, 20], but strains persist enzootically
in livestock, which can transmit yersiniae to healthy
chinchillas [20].
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Previous studies aiming to correlate antibiotic suscept-
ibility patterns and biovar in Y. enterocolitica have
yielded conflicting results. Stolk-Engelaar et al
examined strains of all biovars except biovar 5 and
found no association between susceptibility and biovar
or serovar [11], whereas others have found relation-
ships [9, 10,21-23]. This group confirmed the latter
view, finding a relationship between biovar and
susceptibility to several S-lactam antibiotics (Table 1
and [22]). Furthermore, differences in the regulation
and expression of BlaA and BlaB, the two chromoso-
mal S-lactamases of Y. enterocolitica [24], were found
among strains of biovars 2, 4 and 5 [25] and these data
were related to biovar-specific susceptibilities to -
lactams. This report describes the extension of these
studies to Y. enterocolitica strains of biovars 1A, 1B
and 3.

Materials and methods
Bacterial strains

A total of 66 Y. enterocolitica strains belonging to
biovar 1A (n = 22), biovar 1B (n = 13) and biovar 3
(n=31) was examined. Twelve biovar 1A and two
biovar 3 strains were isolated from surface waters and
filter plant discharges around Bonn and Cologne
(Germany) and were kindly provided by M. Exner
(Bonn). Twenty biovar 3 strains and three strains each
of biovars 1A and 1B originated from the University
Hospital of Bonn, Germany or from the culture
collection of Merlin-Diagnostika, Bornheim, Germany.
All these strains were from clinical specimens. A
further 24 isolates were kindly provided by S. Aleksic
(Hamburg, Germany); these were of human and
mammalian origin and were used as reference strains,
having been biotyped and serotyped at the Hygiene
Institute of Hamburg. They comprised strains of
biovars 1A (n=15), IB (n=10) and 3 (n =9). Two
additional biovar 1A strains were from raw milk and
were kindly provided by H. Neubauer (Munich,
Germany). All the clinical isolates were non-replicates
from separate patients on different wards.

PCR for blaA and blaB

All the strains were examined by PCR for the presence
of blaA and blaB by a multiplex approach [25]. For
some strains, the PCR procedure was modified by using
either the primer pair to amplify a 439-bp fragment of
blaA or the primer pair to amplify a 781-bp fragment
of blaB [25]. Each PCR for blad or blaB was
performed with mixtures containing 20 pmol of each
of the two primers and was run with 35 cycles of 30 s
at 50°C, 60 s at 72°C and 30 s at 95°C.

Measurement of [(-lactamase induction and
inhibition

Fourteen biovar 1A, 12 biovar 1B and 22 biovar 3
strains were tested as described previously [25].

Induction was determined after growth with imipenem
at a final concentration of 0.5 mg/L.

Results
Amplification of blaA fragments

Applying a multiplex PCR approach with four primers
yielded amplification products for blaA for two biovar
1B (phenotypic group 1B-III) and several biovar 3
strains (Table 2). Altering the PCR conditions or
incorporating a chloroform-phenol extraction of the
templates yielded the same results. Most strains of
biovar 1A, including all those of phenotypic group 1A-
I and one of four strains belonging to phenotypic group
1A-II, yielded faint bands in the 1500-bp region instead
of the 479-bp products anticipated with blaA primers
(not shown).

Amplification of blaB fragments

With the blaA/blaB multiplex PCR procedure, ampli-
fication products for blaB were obtained from all
biovar 1B and the blaA-positive biovar 3 strains, but
not from other strains of biovar 3 and not from biovar
1A strains (Table 2). However, blaB amplification

Table 1. Susceptibility of Y. enterocolitica biovars 1A, 1B and 3 to antibiotics (from ref. 22)

Differences
MIC range (mg/L) in ratio
Number of  Phenotypic ~ Number of of MICs of
Biovar isolates group isolates cefixime cefpodoxime ticarcillin amoxycillin/clavulanate AMX:AMC
1A 22 1A-1 18 1-4* 1-4 32-128f 8-32% 1-16
1A-IT 4 0.25 0.25 32-64 4-8 4-8
1B 13 1B-I 9 =<0.03-0.25 0.06-0.25 16—-64 0.5-2 32-64
1B-II 2 0.06—-0.13 0.125 2-4 1-2 4
1B-III 2 4 4 128 32 4
3 31 3-1 19 1-4* 1-48 1-4 4-16 2-4
3-11 8 1-4* 1-48 64-256 16-32 4
3-111 4 0.13-0.25 0.13-0.5 64-128 1-4 16—-64

AMX, amoxycillin; AMC, amoxycillin/clavulanate. MIC values were also *8mg/L to cefixime (one strain); 16 mg/L to ticarcillin (two
strains); 2 mg/L to amoxycillin/clavulanate (one strain); 8 mg/L to cefpodoxime (one strain).
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Table 2. Expression of f-lactamases, and presence of f-lactamase genes, in Y. enterocolitica strains of biovars 1A,1B

and 3

Presence of f(-lactamase A

Presence of f-lactamase B

PCR Inhibition PCR Inhibition Induction
Biovar (number Phenotypic Number of assay assay assay
of strains) group™ Cluster! strains Multiplex  blaA Multiplex  blaB

1A-1 ND* 10 - =4 + - + + +
1A 1A-I1 Ay 2 - - + - + + +
(14) Ay 1 — — + - + + +
B 1 - =$ - - + + +
1B-1 A 1 — — + + NT + -
B 5 - - + + NT + +
1B B, 1 - — + + NT + +
12) B, 1 - - + + NT + +
1B-II ND* 2 - - + + NT + +
1B-1II ND* 2 + NT + + NT + +
31 ND* 10 - - - - + + -
3-I1 A 2 - — — - + + -
3 B, 4 + NT + + NT + +
(22) B, 2 + NT + + NT + +
3-111 A 3 + NT + + NT + +
Az 1 - - + - + + +

* According to [22].

TNo difference, according to data obtained from induction and inhibition tests.

i_No differences.
SBands in the 1500 bp-region.
NT, not tested.

fragments were obtained from all strains in the single
PCR procedure with blaB primers alone (Table 2 and
Fig. 1).

p-Lactamase induction and inhibition

A summary of induction and inhibition results is shown
in Table 3. Because BlaA and BlaB display character-
istic inhibition profiles [24, 26], inhibition results were
interpreted as follows. Where clavulanate inhibited
activity completely, BlaA (class A) was deduced to be
the sole [-lactamase; where aztreonam inhibited
activity completely, BlaB (class C) was deduced to
be the sole enzyme. Where clavulanate inhibited most
of the activity, BlaA was deduced to be the predomi-
nant enzyme, whereas BlaB was deduced to be
predominant when aztreonam inhibited most activity.

B-Lactamase expression differed between and within
the biovars. Biovar 1A strains had the most homo-

geneous patterns of S-lactamase inhibition and induc-
tion, 11 of 13 representatives expressing similar
amounts of BlaA and BlaB without induction and
having strong inducibility. Most biovar 1B strains
showed weaker inducibility with BlaA activity pre-
dominating without induction; however, one strain was
not inducible. [-Lactamase expression in biovar 3
strains was heterogeneous, but there were correlations
between MIC data and the patterns of induction and
inhibition. Thus, ticarcillin-sensitive strains produced
only BlaB but were — surprisingly — not inducible.
Without induction, biovar 3 strains resistant to
ticarcillin and amoxycillin/clavulanate produced either
predominantly BlaA, predominantly BlaB or exclu-
sively BlaB. Induction was seen with imipenem except
with those strains exclusively producing BlaB. Biovar 3
strains resistant to ticarcillin but sensitive to amoxy-
cillin/clavulanate exclusively or predominantly pro-
duced BlaA without induction; they were weakly
inducible.

| «—827bp

Fig. 1. Results from the blaB PCR for 10 Y. enterocolitica strains showing no amplification products for blaB with the
multiplex PCR approach. The 827-bp bands indicate the presence of blaB. Lane M, 100-bp ladder DNA marker.



Table 3. S-Lactamase induction and inhibition in Y. enterocolitica strains of biovars 1A, 1B and 3

pB-Lactamase induction

fB-Lactamase inhibition (%)

Specific activity (umol substrate

Uninduced cultures

Induced cultures

hydrolysed/min/mg)
in presence of"
Biovar Phenotypic Number of Uninduced Induced

(Number of strains) group™ Cluster' strains cultures cultures Fold increase AZT CLA AZT CLA
1A-1 ND 10 0.40-0.74 10-28 25-44 45-70 30-55 >95-100 0-<5

1A 1A-II Ay 2 0.56—0.65 3.1-6.5 6-10 10-15 85-90 95 5

(14) Ay 1 0.13 4.6 35 45 55 95 5

B 1 0.11 5.5 50 100 0 100 0

1B-1 A 1 0.29 0.36 1.2 10 90 10 90

B, 5 0.24-0.30 1.0-2.0 4-7 10-40 60-90 80-90 10-20

1B B, 1 0.23 3.9 17 30 70 >95 <5

(12) B; 1 0.10 1.6 15 85 15 90 10
1B-II ND 2 0.10-0.27 0.6-2.7 6-10 40-70 30-60 >95-100 0-<5

1B-III ND 2 2.1-2.8 18-29 9-10 45 55 >95 <5

3-1 ND 10 0.55-1.3 0.47-1.5 0.6-1.5 100 0 100 0

A 2 0.49-0.89 091-1.4 1.6-1.8 100 0 100 0
3 3-11 B, 4 0.53-0.75 9.4-123 13-18 25-30 70-75 >95-100 0-<5

(22) B, 2 1.1-2.0 7.2-9.9 5-7 70 30 100 0
3-111 Ay 3 0.32-1.0 0.69-2.0 2.0-2.2 15-20 80-85 50-90 10-50

Ay 1 0.60 1.5 2.5 <5 >95 80 20

ND, no differences.

* According to [22].

tAccording to data obtained from induction and inhibition tests.
2 mg/L.

AZT, aztreonam; CLA, clavulanate
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After induction, nearly all strains of all the biovars
examined predominantly or exclusively produced BlaB.
Inhibition tests did not suggest the presence of other j3-
lactamases besides BlaA or BlaB, as complete inhibi-
tion was achieved if both clavulanic acid and
aztreonam were added.

Discussion

Amplification products for hlaB were obtained for all
the strains of biovars 1A, 1B and 3 and were previously
obtained from all Y. enterocolitica strains of biovars 2,
4 and 5 [25]. Thus the gene for BlaB appears to be
present in Y. enterocolitica of all biovars.

The present inhibition and induction data suggested
expression of BlaA and BlaB in all biovar 1A strains,
except for one with solely BlaB activity (Table 3).
Pham et al. likewise found BlaA and a BlaB variant
in biovar 1A strains [26—28]; the BlaB variant had the
same inhibition as classical BlaB, but had a pl of
6.2—6.4 versus 5.4-5.6 [24]. A single alteration in the
amino-acid sequence might give such a change, and
so it is not surprising that the present study obtained
amplification products for blaB from all biovar 1A
strains. It remains to be elucidated whether the 1500-
bp amplification products obtained with primers to
blaA could be attributed to a [-lactamase gene. It
may be that biovar 1A strains produce a BlaA-like
enzyme, but too little DNA was amplified to allow
sequencing.

p-Lactamase expression and inhibition also suggested
the presence of both BlaA and BlaB enzymes in biovar
IB strains. These results are in contrast to those of
Bottone [1], who predicted the presence of other -
lactamases in serogroup O:8 strains because of their
sensitivity to ampicillin. Greater susceptibility to
amoxycillin in biovar 1B strains was found previously
in this laboratory, but only for two strains (phenotypic
group 1B-II, serovars O:8 and 0:20) ([22] and Table 1),
which nevertheless showed induction and inhibition
profiles implying expression of both BlaA and BlaB.
Other serovar O:8 strains were resistant to amoxycillin
and also expressed both enzymes. The results of the
present study are in agreement with the data of Pham
et al., who found BlaA and BlaB in one isolate of
biovar 1B [28]. It is not known why primers specific
for blaA allowed amplification of blaA fragments only
from the biovar 1B strains with a high basal level of -
lactamase activity (Table 3).

Biovar 3 strains reportedly produce only the AmpC-
type enzyme BlaB [26-28] and this property is
reflected in their sensitivity to carboxypenicillins
(carbenicillin and ticarcillin) and in the weak synergic
effect of clavulanic acid with amoxycillin [4, 9].
Nevertheless, induction and inhibition results for biovar
3 revealed several phenotypes: uninduced -cultures
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produced either solely BlaB (phenotypic groups 3-I
and 3-II, cluster A), predominantly BlaB (3-1I, cluster
C), mainly BlaA (3-II, cluster B, 3-III, cluster A;) or
almost exclusively BlaA (3-III, cluster A;). Sensitivity
to ticarcillin was seen only for those isolates that
expressed solely BlaB [26—28], but not all strains with
this phenotype were sensitive to ticarcillin (3-I1, cluster
A). Surprisingly, biovar 3 strains expressing only the
usually inducible BlaB enzyme were not inducible with
imipenem. Further studies are needed to clarify the
reason for this phenomenon, which might be due to
alterations in the ampR regulator genes linked to the
blaB structured genes.

Y. enterocolitica comprises a relatively heterogeneous
group of micro-organisms [29—-31], but only one study
[32] has questioned the grouping of all the biovars into
one species. Similar (-lactamases would be expected
within such a species and we postulate that all Y.
enterocolitica strains possess genes for both BlaA and
BlaB, but that the expression of these enzymes depends
on the biovar and the individual strain. To fully test this
hypothesis, other primer pairs for blaA will be needed
to test the presence of blaA homologues in all the
strains irrespective of biovar. Similarly, Australian
strains of biovar 4 that are known to express only
BlaA [26] will have to be rigorously examined for blaB
homologues. Failure to detect blaA in several strains
might be due to the method and primers applied.
Another explanation might be a genetic variability in
blaA preventing binding of primers derived from
known blaA sequences.
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