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In Spain, as in many other countries, verotoxin-producing Esch-
erichia coli (VTEC) strains have been frequently isolated from
cattle, sheep, and foods. VTEC strains have caused seven out-
breaks in Spain (six caused by E. coli 0157:H7 and one by E.
coli 0111:H- [nonmotile]) in recent years. An analysis of the
serotypes indicated serological diversity. Among the strains
isolated from humans, serotypes 026:H11, O111:H", and
0157:H7 were found to be more prevalent. The most frequently
detected serotypes in cattle were 020:H19, 022:H8, 026:H11,
077:H41, 0105:H18, 0113:H21, 0157:H7, 0171:H2, and OUT (O
untypeable):H19. Different VTEC serotypes (e.g., O5:H",
06:H10, 091:H-, 0117:H-, O128:H", 0128:H2, 0146:H8,
0146:H21, 0156:H", and OUT:H21) were found more frequently
in sheep. These observations suggest a host serotype specific-
ity for some VTEC. Numerous bovine and ovine VTEC serotypes
detected in Spain were associated with human ilinesses, con-
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firming that ruminants are important reservoirs of pathogenic
VTEC. VTEC can produce one or two toxins (VT1 and VT2) that
cause human ilinesses. These toxins are different proteins en-
coded by different genes. Another virulence factor expressed
by VTEC is the protein intimin that is responsible for intimate
attachment of VTEC and effacing lesions in the intestinai mu-
cosa. This virulence factor is encoded by the chromosomal
gene eae. The eae gene was found at a much less frequency in
bovine (17%) and ovine (5%) than in human (45%) non-0157
VTEC strains. This may support the evidence that the eae gene
contributes significantly to the virulence of human VTEC
strains and that many animal non-0157 VTEC strains are less
pathogenic to humans. Exp Biol Med 228:345-351, 2003
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pathogens; verotoxins

erotoxin-producing Escherichia coli (VTEC), in-

cluding O157:H7, have emerged as food-borne

pathogens that can cause severe and potentially fa-
tal human illnesses. They are a major cause of gastroenteri-
tis that may be complicated by hemorrhagic colitis (HC) or
the hemolytic uremic syndrome (HUS), which is the main
cause of acute renal failure in children. Ruminants, espe-
cially cattle and sheep, have been implicated as the principal
reservoirs of VTEC. Transmission of these food-borne
pathogens occurs through consumption of undercooked
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meat, unpasteurized dairy products, vegetables, or water
contaminated by ruminant feces. Person-to-person transmis-
sion has also been documented (1, 2).

The VTEC are capable of producing one or two potent
toxins called verotoxins (VT1 and VT2) that have cytotoxic
effects on African Green Monkey kidney (Vero) cells in
cultures (3). In addition to toxin production, another viru-
lence-associated factor expressed by VTEC is a protein
called intimin, which is responsible for intimate attachment
of VTEC to the intestinal epithelial cells, causing attaching
and effacing lesions in the intestinal mucosa. Intimin is
encoded by the chromosomal gene eae, which is part of a
pathogenicity island termed the locus for enterocyte efface-
ment. Another factor that may also affect virulence of
VTEC (4-6) is the enterohemolysin (i.e., enterohemor-
rhagic E. coli hemolysin [EHEC-HIyA)).

Although VTEC strains that cause human illnesses be-
long to a large number of the O:H serotypes, most outbreaks
and sporadic cases of HC and HUS have been attributed to
strains belonging to E. coli O157:H7 (7-10). Infections with
non-0157 VTEC types such as 026:H™ (nonmotile),
026:H11, O91:H", O103:H2, Ol11:H", O113:H21,
O118:H16, O128:H2, O145:H", 0145:H28, and O146:H21
were associated with severe human illnesses. Severe diar-
rhea (especially HC) and HUS were also associated with
VTEC serotypes carrying the eae gene (6). Non-O157
VTEC serotypes that are negative for the eae gene have
been rarely implicated in severe human illnesses and have
been more frequently found among healthy subjects. How-
ever, it should be noted that production of intimin is not
essential for pathogenesis because a number of sporadic
cases of HUS were caused by eae-negative non-O157
VTEC strains. For example, VTEC O104:H21 and
O113:H21 strains lacking eae gene were responsible for
human illness outbreaks in the United States and Australia

(11-13).

VTEC Infections in Spain

VTEC in Cattle. Our studies indicated that VTEC
colonization is widespread among healthy cattle in Spain.
Between 1993 and 1995, 1069 healthy cattle were examined
for VTEC (14-17). VTEC-positive cattle were found in
95% of the farms tested, and the proportion of VTEC-
positive cattle in each farm ranged from 0% to 100%. The
overall prevalence rates of VTEC were 37% in calves and
27% in cows. In Spain, VTEC strains having the VT2 gene
or both VT1 and VT2 genes were present in similar pro-
portions in calves and cows. In contrast, VTEC strains hav-
ing the VT1 and eae genes were more commonly recovered
from calves than from cows. E. coli O157:H7 was detected
only in eight (0.7%) of the 1069 cattle examined. Interest-
ingly, the majority of eae-positive non-0157 VTEC strains
and the eight O157:H7 strains were isolated from calves.
confirming that young cattle are the most important reser-
voir of eae-positive VTEC strains (15-17).
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Between 1993 and 1999, three studies (10, 15-17) on
E. coli O157:H7 in cattle were conducted in our laboratory.
In the first study (15, 16), E. coli O157:H7 was recovered
from one (0.6%) of 161 calves and none (0%) of the 525
cows examined. In the second study (17), E. coli O157:H7
was isolated from seven (2%) of 383 slaughtered cattle. In
the third study, E. coli O157:H7 was isolated from 55 (12%)
of 471 calves (4 to 8 months old) in a feedlot (17). Similar
prevalence rates of E. coli O157:H7 in cattle were found in
the Netherlands (18), Italy (19), Belgium (20), Sweden (21),
Czech Republic (22), the United Kingdom (23, 24), United
States (25, 26), and Canada (27). According to a recent U.S.
Department of Agriculture feedlot survey, the E. coli
0157:H7 serotype contaminated approximately 50% of
feedlot cattle. This prevalence rate was 10-fold higher than
previous estimates (28).

In our laboratory, 432 non-O157 VTEC strains isolated
from cattle were serotyped (17) and tested for presence of
the virulence genes using polymerase chain reaction (PCR).
The PCR demonstrated that 99 strains (23%) had the VT1
gene, 232 (54%) had the VT2 gene, and 101 (23%) had both
toxin genes. Non-O157 VTEC strains belonged to 65 O
serogroups, with 75% of these strains belonging to 24 O
serogroups (i.e., 02, 04, 08, 020, 022, 026, 041, 064,
077, 082, 091, 0103, 0105, 0113, Ol116, 0126, 0128,
0136, 0141, 0162, 0163, 0171, 0174, and OX177). A
correlation was found between the O serogroup and the
toxin produced. The majority of VTEC strains of sero-
groups 026, 064, 0103, 0128, and O136 had the VTI
gene, whereas the majority of the strains of serogroups 02,
04, 077, 091, 0113, 0116, 0162, 0163, O171, and O174
had the VT2 gene. The strains having both toxin genes
belonged to the serogroups 020, 022, 082, 0105, and
0126. The EHEC-HIyA and eae virulence genes were de-
tected in 244 (56%) and 75 (17%) of the 432 strains tested,
respectively. The 432 non-O157 VTEC strains belonged to
112 serotypes. Interestingly, 69% of these strains belonged
to one of the 26 serotypes listed in Table 1. Of these 26
serotypes, 22 were found to cause human illnesses and 15
have been associated with HUS cases (17). Bovine VTEC
isolates in other studies reviewed by the United States were
assigned to 126 O serogroups and 357 O:H serotypes (10).
The predominate bovine VTEC serotypes in most surveys
were O113:H21 in Europe, 026:H11 in North America and
Australia, and 045:H8, 045:H™, and O145:H" in Japan (7,
8, 10).

VTEC in Sheep and Goats. Sheep have been sub-
jected to fewer epidemiological surveys than cattle. Re-
cently, E. coli O157:H7 has been detected in sheep and
goats (29). This suggests that small ruminants also may
represent a source of transmission of VTEC to humans,
Fecal swabs from 1300 lambs across 93 flocks in Spain
during 1997 were tested for VTEC (30). Of these flocks,
68% were VTEC positive. E. coli O157:H7 was isolated
from five (0.4%) lambs, whereas non-O157 VTEC were
isolated from 462 (36%) lambs. In a following study during



Table I. VTEC Serotypes Most Frequently Found in Spain”

Cattle Sheep Food Human
02:H27 (7) O5:H™ (19) 01:H20 (2) O1:H7 (2)
02:H29 (5) 06:H™ (3) 08:H21 (4) 09:H21 (2)
04:H4 (11) 06:H10 (25) 08:H™ (2) 026:H11 (13)
08:H2 (9) 052:H45 (3) 022:H8 (3) O77:H41 (2)
020:H19 (18) 091:H- (64) 064:H5 (3) 091:H- (3)
022:H8 (25) 0104:H7 (9) 077:H41 (2) 098:H- (2)
026:H11 (23) O110:H (7) 0113:H21 (2) 0103:H2 (2)
O77:H41 (21) O112:H (7) O0157:H7 (5) Ot111:H™ (5)
082:H8 (7) 0O117:H" (16) 0171:H2 (2) O113:H4 (2)
091:H21 (8) 0123:H™ (3) OUT:H21 (6) 0113:H21 (3)
0103:H2 (6) 0128:H- (46) OUT:H™ (3) O118:H16 (2)
0105:H18 (15) 0128:H2 (14) 0145:H (2)
0113:H4 (8) 0136:H20 (11) 0146:H21 (3)
0113:H21 (33) 0146:H8 (14) O150:H™ (2)
0O116:H21 (9) 0146:H21 (27) O157:H7 (24)
0128:H7¢ (5) 0156:H (13) 0166:H28 (2)
0156:H (9) 0157:H7 (5) O174:H" (2)
0157:H7 (9) 0166:H28 (11) OUT:H4 (2)
0171:H2 (20) OX176:H4 (9) OUT:HS8 (2)
0174:H" (5) OUT:H™ (9) OUT:H™ (3)
0174:H2 (8) OUT:H21 (16)

0174:H21 (6)
OX177:H11 (5)
OUT:H? (12)
OUT:H2 (5)
OUT:H19 (18)

2 Number of strains are listed between parenthesis.

b Serotypes isolated from patients with hemolytic uremic syndrome are in bold.

¢ Nonmotile (H™).
90 Untypeable (OUT).

2000 and 2001 by our group (Rey J, Blanco JE, Blanco M,
Mora A, Blanco J, unpublished data), E. coli O157:H7 was
isolated from 7 (1%) of the 697 lambs tested. Prevalence
rates of non-0157 VTEC were higher in sheep (67%) and
goats (56%) than in cattle (21%) in Germany (31). In
France, VTEC prevalence rates ranging from 55% to 95%
of the goats tested were reported (32). In Australia (33-35),
VTEC prevalence rate of 40% was reported for goats,
whereas rates ranging from 56% to 68% were reported for
sheep. In the United States, Kudva et al. (36, 37) detected
VTEC strains of 43% of sheep. In the United Kingdom, a
survey of 1000 sheep at slaughter revealed a prevalence rate
of 2% for E. coli O157:H7 (24). In The Netherlands, E. coli
0O157:H7 was also detected in 4% of the 52 ewes and 49
lambs tested (38). In Norway, however, no E. coli O157:H7
was found in the 364 sheep tested (39). In contrast, Kudva
et al. (36, 37) detected E. coli O157:H7 at a high rate (31%)
in a U.S. sheep flock.

In a recent study in our laboratory, 379 ovine non-O157
VTEC strains were isolated and characterized (30). The
PCR demonstrated that 213 strains (56%) had the VT1 gene,
five (1%) had the VT2 gene, and 161 (43%) had both toxin
genes. Non-O157 VTEC strains belonged to 34 O sero-
groups. Of these strains, 83% belonged to 13 O serogroups
(i.e., 05, 06, 091, 0104, 0110, O112, O117, 0128, 0136,
0146, 0156, 0166, and OX176). A correlation was found
between the serogroup and the toxin produced. Most strains

of the serogroups 06, 0104, 0110, O112, O117, O136,
0156, and OX176 had the VT1 gene, whereas the majority
of 091 and O128 strains had both VT1 and VT2 genes.
Strains belonging to the serogroups OS5, 0146, and 0166
had the VT1 gene alone or with the VT2 gene. The EHEC-
HIyA and eae virulence genes were detected in 101 (27%)
and 18 (5%) of the 379 strains tested, respectively.

Ovine VTEC strains belonging to 53 O serogroups and
105 O:H serotypes have been found in studies reviewed for
the United States (10). Only a few VTEC serotypes (i.e.,
O5:H™, 091:H™, O128:H2, O146:H8, and 0146:H21) have
been the most commonly found in sheep in different coun-
tries. The predominant VTEC serotype in Germany (31),
Spain (30), Australia (35), and the United States (37) was
O91:H". A total of 55 (52%) of the 105 ovine VTEC sero-
types detected in sheep (10) have been recovered from hu-
mans, including 23 serotypes associated with HUS cases
(10). In Spain, 16 of the 21 most prevalent ovine serotypes
were also found to cause human illnesses, including HUS
(eight VTEC serotypes; Table I).

Comparing non-O157 VTEC serotypes from sheep
with those from cattle revealed remarkable differences, sug-
gesting a host serotype specificity. For example, eight of the
21 VTEC serotypes more frequently detected in sheep in
Spain (i.e., 052:H45, O91:H", O104:H7, O110:H",
O112:H7, O123:H", O128:H2, and O136:H20) were not
among the 357 VTEC serotypes detected in cattle. More
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than one-half (54%) of bovine non-0157 VTEC strains had
the VT2 gene, whereas only 1% of ovine strains had the
VT2 gene. Interestingly, the eae gene was found in fewer
ovine (5%) than bovine (17%) strains. Because this impor-
tant virulence gene is present only in a very small propor-
tion (5%) of ovine non-0157 VTEC strains, most ovine
strains may be less toxic to humans (30).

VTEC in Foods. Raw beef products collected in
Spain between 1995 and 1998 were examined for VTEC.
VTEC were detected in 57 (13%) of the 455 meat samples
tested. E. coli O157:H7 was isolated from five (1%)
samples and non-O157 VTEC was isolated from 54 (12%)
samples. Chapman et al. (40) found E. coli O157:H7 in 36
(1%) of 3216 samples of beef products in the United King-
dom. Heuvelink et al. (41) also detected E. coli O157:H7 in
six (1%) of 571 samples of raw minced beef in The Neth-
erlands. Tarr et al. (42), however, did not detect E. coli
0157:H7 in a large number (1400) of ground beef samples
in Seattle (WA). In contrast, Doyle and Schoeny (43) re-
ported a 31% prevalence rate of E. coli O157:H7 in beef
samples in Calgary, Canada. According to a USDA survey
(28), almost 90% of the ground beef sampled since Sep-
tember 1999 has been contaminated with E. coli O157:H7.
The frequency of non-O157 VTEC occurrence in Spain
(12%) was similar to those (i.e., 11%, 9%, 11%, and 15%)
reported in other countries such as Canada (44), Thailand
(45), the United Kingdom (46), and Sweden (47), respec-
tively.

We have characterized 60 non-O157 VTEC strains iso-
lated from beef products in Spain (Table I). The PCR dem-
onstrated that 16 (27%) strains had the VT1 gene, 36 (60%)
had the VT2 gene, and eight (13%) had both toxin genes.
Non-0157 VTEC strains belonged to 29 O serogroups (i.e.,
01, 02, 04, 06, 08, 015, 020, 021, 022, 026, 039, 042,
054, 064, 075, 077, 088, 0103, 0110, O112, O113,
0116, 0118, 0120, 0146, 0156, 171, 0174, and OX178)
and 41 O:H serotypes. Of these serotypes, 11 (i.e., O8:H21,
022:H8, 026:H11, 026:H", O103:H2, O103:H", O112:H2,
O113:H21, O118:H16, 0174:H21, and OUT [O untype-
able]:H™) were associated with HUS cases. The EHEC-
HiyA and eae virulence genes were detected (Blanco M,
Blanco JE, Mora A, Rey J, Blanco J, unpublished data) in
21 (35%) and eight (13%) of the 60 strains tested, respec-
tively.

VTEC in Humans. The presence of VTEC in pa-
tients with diarrhea or other gastrointestinal problems was
examined (48). VTEC were isolated from stool samples of
126 (2.5%) of the 5054 patients investigated. E. coli
0157:H7 was detected in 24 patients (0.5%), whereas non-
0157 VTEC were detected in 104 patients (2.1%). Our
findings suggested that VTEC are a significant cause of
human illnesses in Spain. Our data also confirmed that hu-
man infections with non-0O157 YTEC were more common
than those with O157:H7 strains in Europe (49). Non-O157
VTEC were isolated at higher rates than O157 strains in
several studies in Germany. Examples of these prevalence
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rates include 7% vs 3% (50), 1% vs 0.4% (51), and 2% vs
0.4% (52). In other parts of Europe, similar trends were
reported. Examples of the prevalence rates for non-O157
versus O157 VTEC include 3% vs 0% in France (53), 1% vs
0% in Switzerland (54), and 0.7% vs 0.2% in Belgium (55).
In Denmark, non-O157 VTEC strains were found three
times more often than O157 strains (56).

A total of 102 non-O157 VTEC strains from human
stool samples in Spain were recently characterized (48). The
PCR demonstrated that 42% of the strains had the VTI1
gene, 33% had the VT2 gene, and 25% had both toxin
genes. These VTEC strains belonged to 40 O serogroups
and 65 O:H serotypes, including 20 (i.e., O1:H7, O1:H",
020:H19, 026:H11, 026:H", 0O46:H31, O84:H", 091:H21,
O91:H™, O98:H™, O103:H2, O111:H™, O113:H21,
O118:H16, O128:H2, O145:H7, O172:H", Ol74:H",
OX177:H", and OUT:H") associated with HUS cases. The
most frequently found serotypes are listed in Table I. The
VTEC serotypes found in Spain were similar to those found
in other countries. E. coli 026:H11 was the most common
serotype among humans in Spain. This serotype has been
the first or second (after O103:H2) non-0157 VTEC most
frequently isolated from humans in Germany (51, 57), Bel-
gium (55), Denmark (56), and Finland (58). The EHEC-
HiyA and eae virulence genes were detected in 63% and
45% of the 102 strains tested (48), respectively. The major-
ity of eae-positive strains belonged to the VTEC serotypes
026:H11 (13 strains) and O157:H7 (24 strains). The ma-
jority of patients with E. coli O157:H7 infection had diar-
rhea or HC, whereas a child developed HUS.

Bacteriophage Typing and Virulence Genes of
Human and Animal E. coli O157:H7 Isolates. A total
of 141 E. coli O157:H7 strains isolated in Spain were char-
acterized by bacteriophage typing and PCR of virulence
genes (59). A total of 47 strains were obtained from hu-
mans, 87 from animals (82 bovine and five ovine), and
seven from raw beef products. Eighteen phage types (PT)
were detected and included PT2, PT4, PT8, PT14, PT21,
PT23, PT26, PT27, PT28, PT31, PT32, PT34, PT39, PT45,
PT50, PT51, PT54, and PT63. The numbers of VTEC
strains carrying these phages were 37, 1, 30, 11,9, 4, 2, 1,
1,1,2,4,5,2,1,1, 11, and 2, respectively. The distribution
of strains among PT was hyperbolic with five types (i.e.,
PT2, PT8, PT14, PT21, and PT54) accounting for 70% of
the total. The PT2 and PT8 were most frequently found in
human (55%) and bovine (46%) strains. The PCR demon-
strated that two (1%) strains had the VT1 gene, 82 (58%)
had the VT2 gene, and 57 (41%) had both toxin genes. The
majority of VTEC strains with PT2 (36 of 37) had the VT2
gene, whereas the majority of strains with PT8 (25 of 30)
had both toxin genes. All 141 E. coli O157:H7 strains had
the eae and EHEC-hlyA genes. The PT found in Spain were
similar to those found in other countries. The predominant
PT among human VTEC O157:H7 strains isolated in Eu-
rope were PT2, PT4, PT8, PT14, PT24/PT28, and PT32 (60,



Table Il. Human lliness Outbreaks in Spain Attributed to VTEC

No. of . VTEC Toxin Phage

Year cases Subjects serotype gene type Reference
1986 3 Tourists O157:H7 VT2 64

1994 Tourists O157:H7 VT2 PT2 63

1995 13 Children at a summer camp O111:H?® VTi1 66

1997 14 (3 with HUS?) Tourists O157:H7 VT2 PT2 65

1999 8 (1 with HUS) Children in a nursery O157:H7 67

1999 2 (1 with HUS) O157:H7 67

2000 158 (6 with HUS) Children in five schools 0157:H7 VT2 PT2 H. Pahella, J.M. Oliva,

M.D. Ferrer (personal
communication)

2 Hemolytic uremic syndrome
& Nonmotile (H").

61). The PT14 has emerged as the predominant type in
Canada (62).

VTEC Human llilness Outbreaks in Spain. Ac-
cording to our data (Table II), VTEC strains have caused
seven human illness outbreaks in Spain in recent years, Six
outbreaks have been caused by E. coli O157:H7 and one by
E. coli O111:H". Three outbreaks of HC were caused by E.
coli 0157:H7 (PT2) affected only foreign tourists (63-65).
In March 1997, an outbreak of E. coli O157:H7 (PT2) in-
fection occurred among tourists returning from the Canary
Islands. The cause of such infection was attributed to the use
of well water contaminated with the pathogen (65). The
major human illness outbreak in Spain occurred in Septem-
ber 2000 and involved five schools (one in Barcelona city
and four in surrounding towns). In this outbreak, 158
(mostly children) developed symptoms of gastrointestinal
illnesses. Of these, 53 tested positive for E. coli O157:H7
(PT2) and six developed HUS. The cause of such outbreak
was attributed to serving sausage (mostly pork and con-
tained other meat sources) in the five schools (Pafiella H,
Oliva JM, Ferrer MD, personal communication).

Conclusions

Our investigations of ruminant and human fecal
samples as well as food samples of animal origin revealed
that 0157 and non-0157 VTEC are widely distributed in
Spain. The VTEC serotypes found in Spain were similar to
those found in other countries. Our data emphasized the
importance of the virulence genes in the causation of human
illnesses and suggested that small ruminant (e.g., sheep and
goats) strains of VTEC may be less pathogenic to humans.
It is advisable to carry out a careful surveillance of VTEC
infections in the population and to consider adequate control
measures.
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