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ABSTRACT. Occurrence of cnfi+ E. coli pathogenic strains among extraintestinal E. coli isolates was
evaluated to explain an impact of cytotoxic necrotizing factor type 1 (CNF1) in human infections. A total of
120 E. coli isolates were characterized for presence of virulence factors cufl— and pap— specific sequences
by PCR, and the production of a-hemolysin using blood agar-plate test. Different association patterns among
the detected virulence factors were obtained by comparison of various groups of clinical E. coli isolates.
These differences probably reflect a potential impact of CNF1 in the colonization of vaginal environment.

The naturally thin anatomical association between gastrointestinal and genitourinary tracts gives an
opportunity for infections caused by E. coli strains. Some E. coli strains are able to produce several virulence
factors involved in pathogenesis of extraintestinal infections. These include a-hemolysin, various fimbrial and
afimbrial adhesins, aerobactin, and others (Johnson 1991; Kmet'ové and Siegfried 1999). It is suggested that
cytotoxic necrotizing factor type 1 (CNF1) is also involved in pathogenicity of E. coli strains (Caprioli et al.
1987; De Ricke et al. 1990; Siegfried et al. 1993; Fiorentini et al. 1997).

Cytotoxic necrotizing factor (CNF1) is chromosomaly encoded 110-kDa protein toxin produced by
necrotoxigenic E. coli (NTECI) strains (De Rycke et al. 1990); CNF1 is genetically and immunologically
related to a plasmid-encoded CNF2 (86 % DNA sequence homology) which is often produced by E. coli
strains isolated from diarrheic stools of calves (Blanco ef al. 1996a).

Several CNF1-dependent pathological effects were found in laboratory conditions; CNF1 is able to
induce necrosis of rabbit skin, enlargement, and multinucleation of Vero or HeLa cells, and cytoplasmic
membrane ruffling (Caprioli et a/. 1983; Blanco et al. 1996a; Capo et al. 1998); it can also affect bacteri-
cidal activity of human polymorphonuclear leukocytes (Siegfried ef al. 1993). Reorganization of F-actin
cytoskeleton and formation of stress fibers are the most important CNF1 pathological effects detected in
vitro (Fiorentini et al. 1995). Moreover, CNF1 can prevent apoptosis via Rho activation and is able to influ-
ence the expression of proteins belonging to the Bcl-2 family (Aktories 1997; Fiorentini et al. 1998).
NTECI strains often cause various types of human extraintestinal infections, including urinary tract infect-
ions (UTT), prostatitis, children diarrhea, skin, and respiratory infections (Brauner et a/. 1990, Andreu et al.
1997; Boquet 1998). The role of CNF1 in pathogenesis is still discussed. Yamamoto et al. (1996) found
increased virulence of CNF 1-producing strains in mouse model of UTI. In contrast, Johnson et al. (20004)
found no evidence that a cnfl-negative mutant strain was attenuated in murine model of ascending UTI; also
Landraud et al. (2000) did not find significant participation of CNF1 in nosocomial infections.

NTECI strains usually possess other important virulence factors. CNF1 is found in about 7¢ % of
a-hemolytic but rarely in nonhemolytic isolates (Blanco ef al. 1996b; Island et al. 1998). It is also associated
with P-fimbriae, which are considered to be the most important fimbrial adhesins in pathogenesis of upper
urinary tract infections, mainly in pyelonephritis (Johnson 1991). These and other virulence factors enable the
NTEC] strains to colonize, invade, and persist in host organism. A strong genetic association among a-hemo-
lysin, CNF1, P-fimbriae, and S-fimbriae was established (Daigle ef a/. 1994; Yamamoto et al. 1995; Blanco
et al. 1997). Blum et al. (1995) described the genetic blocks of these virulence factors, which are present in
the flanked chromosomal regions, and termed them ‘pathogenicity islands’ (PAI).

Here we focus on the presence of several E. coli virulence factors (CNF1, a-hemolysin, and pap-fim-
briae) in extraintestinal £. coli isolates. We aimed to explain the incidence of necrotoxigenic strains and its
association with incidence of a-hemolysin and P-fimbriae in E. coli strains isolated from gynecological

samples of Slovak female population.
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MATERIALS AND METHODS

Clinical isolates of E. coli. A total of 120 isolates were recruited during the period 1993-99 by
standard bacteriological methods. Of the 120 strains, 60 were isolated from urine specimens (30 pyeloneph-
ritic strains were isolated from children up to 10 years of age, 30 cystitic strains from adult males and fema-
les). Thirty strains were isolated from gynecological material (cervix, vagina, labia, and embryonic fluid)
collected from adult and healthy middle-aged females. Thirty fecal strains were isolated from stool speci-
mens of up to 1-year-old healthy children. E. coli strains EB28, EB34, B47, and B48 were used as positive
and negative controls for PCR detection. All strains were stored at —20 °C in Luria broth (LB, in g/L: tryp-
tone 10, yeast extract 5, NaCl 0.5) supplemented with 20 % glycerol; strains were revitalized before testing.

Detection of a-hemolysin. Strains were tested for the production of a-hemolysin on blood-agar pla-
tes. Defibrinated sheep erythrocytes were added to blood-agar. base (no. 2, Oxoid) in a 5 % final concentrat-
ion; hemolysis was evaluated after overnight incubation at 37 °C (Brauner et a/. 1990).

PCR detection of specific gene sequences. Bacteria were harvested from 1 mL of an overnight broth
culture, suspended in 200 pL sterile water, and incubated (100 °C, 10 min). After subsequent centrifugation
of the bacterial lysate, 150 uL sample supernatant was stored at —20 °C as a template DNA stock. Ampli-
fication of cnfi-specific sequences was performed with 50 pL. volumes containing 10 uL. prepared bacterial
lysate; 900 ng cnfl-A (GAA CTT ATT AAG GAT AGT) and cnfi-B (CAT TAT TTA TAA CGC TG)
probes; 0.2 mmol/L each dATP, dGTP, dCTP and dTTP; 1.5 mmol/L MgCl,; 20 mmol/L Tris-HCI (pH 8.4);
50 mmol/L KCI; and 1 U of platinum polymerase (Gibco BRL). The PCR was performed with a thermal
cycler Mini Cycler™ (MJ Research) with heated lid at 94 °C for 2 min for 1 cycle followed by 30 cycles
(94 °C for 1 min, 55 °C for 1 min, 72 °C for 1 min); final extension 2 min at 72 °C (Blanco ef al. 1996a).
PCR detection of pap-specific (papC) gene sequences was performed with 50 pL. volumes containing 1 puL
prepared bacterial lysate; 0.45 pmol/L each of pap! (GAC GGC TGT ACT GCA GGG TGT GGC G) and
pap2 (ATA TCC TTT CTG CAG GGA TGC AAT A) primers in the same medium as above. The PCR
(thermal cycler Mini Cycler™, MJ Research) was performed at 94 °C for 2 min for 1 cycle followed by 25
cycles (94 °C, I min, 65 °C, 1 min, 72 °C for 2 min); final extension 2 min at 72 °C (Bougenec et al. 1992).
An aliquot (10 pL) of the final reaction mixture was electrophoresed through 2 % agarose gel for 45 min at
80 V. Amplified DNA fragments of cnf/ and pap (543 bp and 328 bp) were visualized by UV fluorescence
after ethidium bromide staining (see Fig. 1) (Blanco et al. 19964).

Statistical analysis was performed by Pearson y*-test; significant differences were at p < 0.05.

RESULTS AND DISCUSSION

Occurrence of virulence factors. All three virulence factors were significantly more frequent in 90
extraintestinal isolates (Table I) compared to fecal isolates (p < 0.01). These data are in good agreement with
the results of Brauner et al. (1990), Foxman et al. (1995) and Blanco et al. (1997), and confirm the par-
ticipation of tested virulence factors in the development of extraintestinal infections.

Table I. Frequency® of triple combinations of virulence factors (Hly, cnf/, pap) detected in cystitic (C), pyelo-
nephritic (P), gynecological (G) and fecal (F) strains

Hly enfl pap C P G F

+ + + 10 33 16 53 12 40 3 10
+ + - 1 3 0 - 1 3 2 6
+ - + 6 20 4 13 0 - 4 13
+ - - 1 3 1 3 1 3 0 -
- + + 0 - 1 2 6 0 -
- + - 1 3 0 - 0 - 0 -
- - + 3 10 2 6 S 15 3 10
- - - 8 27 6 20 9 30 18 60

3First columns — number of strains of the total (30 in each individual group); second columns — percentage.

As a-hemolysin-positive were detected 60 % (18/30) cystitic, 70 % (21/30) pyelonephritogenic (for
all uropathogenic isolates it was 65 %), 46 % (14/30) gynecological, and 30 % (9/30) fecal isolates (Table II).
A significantly increased frequency of a-hemolysin production was found in pyelonephritogenic (p < 0.01)
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and in cystitic (p < 0.02) isolates compared to fecal ones. Gynecological isolates showed also a similar
increase in frequency of a-hemolysin but this difference did not reach statistical significance (p <0.2).

We found a higher frequency of a-hemolysin pro-
duction in cystitic E. coli strains (60 %) than previously
published, viz. 37.5 % by Foxman et al. (1995), 41 % by
Blanco et al. (1997), and 40.5 % by Johnson et al. (20005).

Table II. Occurrence of individual virulence factors
among clinical isolates?

Virulence factors C P G F Production of a-hemolysin in our pyelonephritogenic strains

isolated from children (70 %) was similar as determined by

Hly 60 70 46 30 Brauner et al. (1990) (72 %). Similarly, genotype-based

enfl 43 60 50 17 detection (Juskova and Ciznar 1994) showed 72 % of

pap 6 77 6 33 a-hemolytic strains in UTI E. coli strains isolated from
children.

a
See footnote to Table I The cnfl genotype analysis showed a significantly

higher proportion of cnfi+ E. coli strains both in cystitic
(13/30, 43 %; p < 0.03) and pyelonephritogenic (16/31, 52 %; p < 0.01) isolates than fecal ones (5/30,
17 %). Statistical analysis also showed a significantly higher frequency of NTECI strains (50 %) in gyne-
cological isolates than fecal isolates (p < 0.01). Our data indicate the ability of NTECI strains to colonize
vaginal environment and persist there without clinical manifestation.

We found an increased occurrence of NTEC! strains in gynecological isolates, which even exce-
eded a-hemolysin production. Our findings are in good agreement with those of Siegfried et al. (1996) who
scored the production of CNF1 in extraintestinal strains isolated from various sources (urine, stool, skin,
respiratory tract, vagina). Cook et al. (1975) also reported a higher frequency of E. coli strains exhibiting
necrotoxigenic activity in vaginal isolates derived from women with subsequently developing UTI but not in
isolates from women without later UTI; however, they did not confirm the responsibility of CNF1 for necro-
toxigenic activity.

The highest frequency of pap+ strains was detected in pyelonephritogenic isolates (77 %, p < 0.001)
compared to fecal isolates (33 %). This frequency was identical in cystitic and gynecological isolates
(63 %); statistical significance in fecal isolates was p < 0.02.

Associations between virulence factors. Statistical analysis of extraintestinal isolates confirmed
the genetic association among the evaluated virulence factors. The Hly+/cnfl+/pap+ pattern was found to
be the most frequent combination in extraintestinal isolates (53 % pyelonephritogenic, 40 % gynecologi-
cal, 33 % cystitic isolates; 42 % for all extraintestinal isolates). Fecal isolates showed only 10 % of
Hly+/cnfi+/pap+ E. coli strains; this decrease was statistically significant at p < 0.01.

In 21 isolates from the total number of 120 (17.5 %) showed the presence of two inspected viru-
lence factors. The most frequent was the Hly+/cnfl—/pap+ pattern (14/21, 67 %). This combination appeared
in the uropathogenic isolates (10/60) as well as in the fecal ones (4/30). According to occurrence frequency,
the Hly+/cnft/pap— (4/21) is the next; the third combination is Hly—/cnf+/pap+ (3/21). Fourteen strains
(11 %) revealed only a single detected virulence factor (10 strains were pap+, 3 strains were a-hemolytic
and 1 strain was cnfl+).

The occurrence of nonhemolytic necrotoxigenic £. coli strains is considered as null (Brauner et
al. 1990; Foxman et al. 1995). In our clinical isolates, a-hemolysin was not expressed by 4 strains of 49
cnfl+ E. coli strains. Kuhar et al. (1998) reported the occurrence of Hly—/cnfl+ E. coli strains selected from
06 and O18 serotypes derived from intestinal and extraintestinal infections; the occurrence of Hly—/cnfl+
strains in our population could be confirmed by genotypic detection (Fig. 1).

Association between Hly and cnfl. Of the 62 a-hemolysin producing strains (Hly+), 45 (70 %)
were positive for cnfl specific sequences (cnfl+) (Table IIT) which is in good agreement with the results of

Table III. Occurrence of toxins and their genctic linkage in clinical groups?

Hly enfl C P G F
+ + 1 37 16 53 13 43 5 17
+ - 7023 5 17 1 3 4 13
+ I 3 ! 3 2 7 0 -
- - 137 8 27 14 47 21070

2See footnote to Table 1.
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Blanco et al. (1997). Moreover, the percentage of cnfl+ strains among the a-hemolytic ones was 55 % (5/9)
in fecal isolates, 68 % (27/40) in uropathogenic isolates, and 93 % (13/14) in gynecological isolates. Strains
isolated from female sexual genitals displayed increased association between a-hemolysin production and
presence of cnf7 specific DNA sequence than isolates from urinary tract (p < 0.06).

1 2 3 4 5 6 7 8 9

Fig. 1. Agarose gel electrophorcsis of cnf! (1—4) and papC (6-8) PCR

w - products. Presence of cnfl specific sequence leads to 543 bp PCR pro-
duct, presence of papC to 328 bp PCR product; lane 1: cnfl+ (E. coli
EB28), 2: cnfl + (E. coli EB34), 3. cnfl— (E. coli B47), 4. cnfl+ (E. coli
Ax33, clinical strain); 6: pap+ (E. coli EB28), 7: pap+ (E. coli Ax33,
clinical strain), 8: pap— (E. coli B47); lanes 5 and 9: DNA ladder.

Of 120 isolates, four (3.3 %) were nonhemolytic with cnfl+ (Hly~/cnfl+ pattern) which indicates
a higher frequency of these strains (2 %) found by Blanco er al. (1997). Generally, the Hly—/cnfl+
arrangement is rare — 3.3 % (2/60) in our uropathogenic and 6.6 % (2/30) in gynecological isolates. This
supports the view that the NTEC] strains are more frequently isolated from gynecological material than
other extraintestinal infections.

P-fimbriae are known to be the important factor rendering an advantage for upper urinary tract set-
tlement and for vaginal colonization by E. coli. These properties of Pap-fimbriae are ascribed to pap-specific
Gal-Gal receptors present on epithelial cell surfaces (for review see Johnson 1991). We showed a similar
occurrence of Hly—/cnf~/pap+ pattern in both uropathogenic and gynecological E. coli isolates, although the
combination Hly+/cnf~/pap+ was absent in the gynecological ones. The Hly+/cnf+/pap+ arrangement thus
seems to be a successful virulence-factor combination for gynecological tract colonization. CNF1 can be con-
sidered to be advantageous for colonization and persistence of a-hemolytic E. coli strains in vaginal environ-
ment.

Finally, it is important to note that vaginal persistence of the NTEC] strains should be of permanent
epidemiological and clinical importance. These strains are frequently found in the urine of patients with
diverse types of UTI, and are often found in causal relation to bacterial prostatitis (Andreu et al. 1997). From
this point of view, the female genital tract is a potential reservoir of necrotoxigenic E. coli strains. We can
assume that the NTEC] strains are able to persist there without clinical symptoms as vaginal flora; this
should be recognized as an important epidemiological and clinical factor of the increased risk of urinary tract
infections in the female population.
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