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ABSTRACT

The aim of this work was to adapt described MLVA protocols to the molecular typing and
characterization of VTEC O157:H7 isolates from Argentina. Nine VNTR loci were amplified by PCR

showing diversity values from 0.49 to 0.73. Nine MLVA profiles were observed and the cluster analysis

indicated both unrelated and closely related VTEC O157:H7 strains. In spite of the limited number of

isolates studied, the panel of VNTR used made it possible to perform a first approach of the high genetic

diversity of native strains of O157:H7 by MLVA.
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Verocytotoxigenic Escherichia coli (VTEC) represent an
important group of pathogens that can cause severe disease in
humans, such as bloody diarrhea (BD) and hemolytic uremic
syndrome (HUS) (6, 19). In Argentina, HUS has the highest
worldwide incidence and is one of the major causes of acute
and chronic kidney failure in children under 5 years of age
(12, 20).

Human infections have been associated with
undercooked meat, unpasteurized milk or contamined fruit,
vegetables or water (2, 5, 19, 20) and cattle are considered
the main reservoir of these strains.

In Argentina, O157:H7 is the serotype most frequently
isolated from patients with HUS (50- 60% of cases), however
a higher proportion of other serotypes has also been isolated

in comparison with non-Latin American countries (5, 12, 21).
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At present, pulsed-field gel electrophoresis (PFGE) is the
current gold-standard method of genetic fingerprinting for
O157:H7 isolates (23). In spite of the universal
implementation of PFGE as a subtyping method and as a
foundation of the PulseNet, this technology suffers from
some limitations (3, 6, 7, 22).

The complete sequencing of some bacterial genomes
made possible the search for new and highly polymorphic
molecular markers, such as VNTRs (Variable Number
Tandem Repeats). The analysis of multiple VNTR loci
(MLVA) appears as a rapid and specific way to discriminate
between different isolates of the same serotype using a simple
PCR amplification (11). In clonal organisms such as VTEC
0157, PFGE does not always provide the maximum
discriminatory capacity. Instead, MLVA markers with high
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diversities can discriminate between closely related isolates
(7). Some laboratories have started using this methodology,
but the loci included in the analysis differ among them (3, 7,
9, 10, 16) and as Urdahl ef al. (24) comment, there is a need
for more comparative studies reporting MLVA typing of E.
coli O157.

The objective of the present work was to adapt described
MLVA protocols to the molecular typing and characterization
of VTEC O157:H7 isolates from Argentina.

Fourteen VTEC isolates of O157:H7 serotype were
selected from the culture collection of the Laboratorio de
Inmunoquimica y Biotecnologia (UNCPBA, Tandil,
Argentina) in order to reflect a variety of epidemiologically
related and unrelated strains. Isolates had been obtained from
cattle reservoirs (FC 0157, FB 3, FB 22, FB 80, FB 81, 166p,
174p, 187p, 643p, 652p, 665p), contaminated food (HT 2-15)
and patients with diarrhea (Mat 167/ 6, Gal 26). All isolates
had then been characterized for v¢ and eae genotype and
genetic profiling by RAPD (1, 8, 13, 14, 18, Dr Padola,
unpublished data; Dr Padola and Lucchesi, unpublished data;
Dr Sanz, unpublished data). FC O157, HT 2 -15, Mat 167/ 6
and Gal 26 strains have no epidemiological link, while the
isolates FB 3, FB 22, FB 80, FB 81 (from feedlot cattle) and
166p, 174p, 187p, 643p, 652p, 665p (from grazing cattle),
were isolated from the same farm in different samplings (18).
The reference strain EDL933, used as a positive control, was
kindly provided by Dr. Jorge Blanco (£. coli Reference
Laboratory, University of Santiago de Compostela, Lugo,
Spain). Suspensions of bacterial cells were boiled for 10 min
and used directly in the PCR reactions.

Nine VNTR loci were selected from the literature
according to their genetic diversity index described by
Lindstedt et al. (9) (Vhec2, Vhec4 and Vhec7), Noller et al.
(16) (TR2, TR3, TR4 and TR7) and Keys et al. (7) (O157-3
and O157-37). The allelic range to be amplified in PCR
multiplex reactions was also taken into account.

Amplification conditions were modified from the
original papers (7, 9, 16) and were as follows: two multiplex

PCR assays (multiplex I for Vhec2, Vhec4 and Vhec7 loci,

and multiplex II for TR3, TR4 and TR7) with annealing
temperatures of 50°C and 56°C, respectively, and three
monoplex assays (TR2, O157-3, O157-37) with annealing
temperatures of 53°C for TR2 and 65°C for O157-3 and
0157-37. PCR products were run in 6% denaturing
polyacrylamide gels and detected by silver staining.

The nine VNTRs were amplified with good efficiency in
the 15 isolates analyzed and a total of 39 alleles were
observed. Twenty five of the observed alleles (64%)
corresponded to those described by Lindsted ef al. (9), Noller
et al. (16) and Hyytid-Trees et al. (3), meanwhile 14 have not
been previously described. The nomenclature adopted for the
alleles in the present paper is based on the number of units
repeated in tandem, in agreement with Hyytid-Trees et al. (3).
In this way, it is easier to compare results among laboratories
that can employ different primers for the study of the same
VNTRs.

The number of alleles observed per locus ranged between
3 (loci TR3 and O157-37) to 7 (locus O157-3) and the D
index ranged between 0.49 (loci O157-37) and 0.73 (loci
0157-3) (Table 1). The considerable number of alleles
observed per locus highlights the genetic variability of the
analyzed isolates. The highest D index values were observed
in TR2 and O157-3 loci, and this is consistent with
observations reported earlier by Noller et al. (16 and 17),
Hyytid-Trees et al. (3) and Murphy et al. (15).

Vhec4, Vhec7, TR2 and TR3 loci could not be amplified
in some isolates, therefore suggesting the presence of null
alleles (Table 1). Null alleles were taken into account because
represent hidden genetic diversity, as they are caused by
either PCR amplification failure due to mutations at the
primer annealing region or by the complete deletion of the
VNTR region and its flanking sequences (3). In addition,
there is experimental evidence that the regions bordering
VNTR loci are highly susceptible to mutagenic events (25).

Results detected by gel electrophoresis and silver
staining were confirmed and studied in more detail by
sequencing representative alleles for each locus. Differences

in the size of the alleles were mostly due to the loss or gain of
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repeat units. Alleles that presented partial repeats were
rounded up or down to closest complete repeat number, in
agreement with Hyytid-Trees et al. (3).

Short motif VNTRs with repeat units harboring less than
six bases are prone to variation in unit number at a given
locus (25), and most of the VNTR loci included in this
MLVA protocol are short motif repeats with repeat units of
six or seven base pairs. However, VNTRs with repeat units
longer than 8 base pairs have a greater chance to present

point mutations (25) and in accordance with this, we could
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invertions and transvertions (Data not shown).
The MLVA assay displayed 9 distinct profiles among the
15 isolates analyzed. MLVA profiles were defined by the

allele string in the order:
Vhec2,Vhec4,Vhec7,TR2,TR3,TR4,TR7,0157-3,0157-37.
Six  isolates  corresponded to  MLVA  profile

9,11,6,12,2,5,9,7,6 and two to profile 8,11,8,13,2,5,7,12,6.
The other isolates had unique MLVA profiles. The number of
MLVA profiles observed was in a similar proportion to that

detected by other authors studying a larger number of

observe several of this kind of mutations in Vhec2 alleles, samples (9).
which are 18 base pair-long per unit. We observed insertions,
Table 1. VNTR characterization.
Vhec2 Vhec4 Vhec?7 TR2 TR3 TR4 TR7 0157-3
Loci® (TR, (TR1, (0157-  (Vhecl, (O157- (O157- (O157- (Vhec3, 0157-37
0157-34) 0157-9) 36) 0157-10) 17) 25) 19) TR5)
RU (bp)° 18 6 7 6 6 6 6 6 6
N° of alleles 4 4 4 5 3 4 5 7 3
Null alleles no yes yes yes yes no no no no
D¢ 0.62 0.65 0.65 0.72 0.51 0.51 0.65 0.73 0.49

“Alternative names for VNTRs: Vhec loci are from Lindstedt et al. (2003); TR loci are from Noller et al. (2003); O157 loci are from Keys et al. (2005).

® RU= repeat unit.
D= Nei diversity index (D=1-Z(fr,)?, where ft, is the allelic frequency).

The dendrogram constructed by UPGMA (Figure 1)
grouped the isolates in two main clusters (A and B) with
subclusters (I, II, III and IV). Cluster A grouped bovine
isolates from the same farm and cluster B grouped the rest of
the isolates. The patient isolate Gal 26 branched
independently from the previously cited groups (subcluster
1V), as it presented a very different MLV A profile, differing
in more than seven VNTRs from the other isolates. In
concordance with the origin of the samples, the differences
found among non related isolates were greater than those
presented by isolates from the same farm. The isolates from
grazing cattle and isolates FB3 and FB80 from feedlot cattle
were within subcluster I, which was divided in two branches

(Ta and Ib) differing by five loci. However, isolates from the

same feedlot (FB22 and FB81), branched in another
subcluster (II) and differed from subcluster Ib by six loci. The
difference within subcluster II was by one incomplete repeat
unit in one locus (TR7). These results indicate that they
constitute a group of closely related strains, according to the
guidelines for MLVA data interpretation suggested by Noller
etal. (17).

It is important to take into acount that UPGMA method
does not penalize with differential weight different kind of
characters, so a point mutation has the same value than either
the insertion or deletion of a complete repeat unit and also
than a change involving several repeat units. Interpretation of
the mutation model of VNTRs is needed in order to

determine an appropriate method for performing cluster
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analysis of MLVA data (3).

The panel of VNTR used in this study represents an
attractive alternative to characterize VTEC O157:H7. In spite
of the limited number of isolates subjected to the present
study, this MLVA assay made it possible to perform a first
approach of the genetic diversity of native strains of
O157:H7.

Argentina has the highest worldwide incidence of HUS,
with around 400 cases reported annually. At present, the
typing of VTEC isolates by PFGE is performed in a single
reference center that receives samples from different
locations of our country. It would be interesting to consider
the implementation of typing protocols, like the one we used,
which can be implemented in many laboratories for

The
efficiency achieved for the VNTRs analyzed, the high

molecular epidemiological studies. amplification

diversity found at each locus, and the ability to cluster related
VTEC O157:H7 strains, give support to consider this MLVA
protocol a useful alternative for the molecular
characterization of a large number of VTEC OI157:H7

isolates.
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Figure 1. Clustering of 14 E.coli O157:H7 native isolates and EDL933. The dendrogram based on MLVA data was generated
using the UPGMA clustering method implemented by START Vs. 1.0.5 software (4). The alleles encoded as 20, 21, 22 and 23

correspond to null alleles.
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