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INTRODUCTION

When Theodor Escherich (1885a, b) first described Escherichia coli he looked on
it as a saprophytic organism. Soon several investigators found that colibacteria
could be isolated from intestinal infections and from many infections outside the
intestine, like urinary tract infections (UTI), cholecystitis, wound infections,
meningitis, septicacmia, pulmonary infections, and many more. Uhlenhuth (1897)
showed that coli strains from pathological processes were more pathogenic in
animal experiments than strains isolated from the normal intestine. Smith (1927),
who examined strains from white scours in calves, showed that spontaneous
acapsular mutants could be obtained from certain colibacteria, and that such
mutants were less virulent when injected intra-peritoneally into guinea-pigs.

Several attempts to define toxins in coli strains were also carried out. Interest
was centred on skin necrotizing toxins and on haemolysins. Most investigators
agreed that it was not possible to isolate the toxins and that the haemolytic and
skin-necrotizing abilities were only found in close association with actively
dividing bacteria.

Several investigators in the first three decades of this century tried to classify
E. coli, hoping to be able to define certain strains or serotypes as virulent. However,
these attempts did not lead to any conclusive results. -

In the 1940s Kauffmann (1943, 1944 a, b, 1947) applied to E. coli the serological
techniques that he and other investigators had developed for typing of salmonella
strains. He showed that coli strains had O antigens that in their serological
qualities were very similar to those found in salmonella and, more importantly,
that many strains isolated from pathological processes outside the intestinal tract
had surface antigens that would inhibit agglutination of thelive culturein aso-called
O antiserum, i.e. an antiserum produced by immunization of rabbits with boiled
culture. He called such antigens L antigens (Kauffmann, 1943). He was now able
to establish the first E. coli typing scheme (Kauffmann, 1944a). Knipschildt (1945)
and Vahlne (1945), both close pupils of Kauffmann, developed and refined the
typing principles by extension of the number of O groups and by describing two
new varieties of surface antigens called A and B antigens, both of which could
inhibit O agglutination (Knipschildt, 1945). At that time the chemical nature of
the L, A and B antigens was not known; however, it was decided to name them
collectively as K antigens (Kauffmann & Vahlne, 1945). For more details about
the history, serology and immunochemical nature of £. coli K antigens see Orskov
et al. (1977) and Jann & Jann (1983).
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Kauffmann and his early group of collaborators were, however, also highly
interested in the pathogenic properties of E. coli in extra-intestinal diseases, and
in 1947 he could sum up his own results together with those of Knipschildt (1945),
Ewertsen (1946), Vahlne (1945) and Sjostedt (1946) in this way: ‘The results show
consistently that certain serological types belonging to the frequent O groups
possess a particular pathogenicity for man and animals. This applies especially to
O groups 1, 2, 4, 6, 8 and 9. Haemolytic and necrotizing strains are of frequent
occurrence with O groups 2, 4 and 6, on which account especially group 6 comprises
highly toxic strains. The toxicity of the strains depends on the type (read O:K:H
type) of the strain and it is a constant character’ (Kauffmann, 1947). When
Kauffmann and his collaborators described the traits that might differentiate
pathogenic E. coli from non-pathogenic ones they compared two groups of strains,
one which comprised strains from all types of extra-intestinal infections and one
which came from the facces of healthy individuals. It should be remembered that
at that time the association between certain strains and intestinal disease (EPEC,
ETEC and EIEC) had not yet been described. Investigations in the years since
these early examinations have, however, shown that three groups of extra-intestinal
coli infections (UTI, neonatal meningitis and non-neonatal septicaemia) need to
be treated separately even though several traits and virulence factors may be found
in strains isolated from all extra-intestinal diseases.

In dealing with the activities of E. coli outside the intestinal tract we have in
this review paper, quite appropriately for a bacterial baptismal centenary, paid
most attention to the bacterium Escherichia coli, and only in a few places have
we given details from the many investigations that describe the response of the
host.

URINARY TRACT INFECTIONS (UTI)

E. coli is the most common urinary pathogen found in non-hospitalized patients
of all ages. In general UTI is diagnosed by demonstration of = 10° bacteria per ml
of midstream urine or by any number of bacteria from urine obtained by
suprapubic bladder puncture. Recently it has been proposed to use a lower limit
than 10% bacteria per ml for the demonstration of UTI (Stamm et al. 1982). Some
cases of bacteriuria are asymptomatic (ABU), some are limited to the bladder or
lower urinary tract (cystitis), and some involve the upper tract, i.c. the pelvis and
the kidneys (pyelonephritis).

Recurrent UTI is not uncommon; it can be caused by the E. coli strain that
caused the first attack but which was only temporarily suppressed (relapse) or by
an unrelated strain (reinfection). Abnormalities of the urine flow caused by
malformations, stones, residual urine and vesico-ureteric reflux predispose for
recurrent UTI, but such abnormalities cannot always be demonstrated in recurrent
UTI.

Several reports on E. coli from UTI do not distinguish between these different
infections. This is stressed because the coli strains isolated from each of these types
of UTI show certain characters or virulence factors with varying prevalence.

It is generally accepted that UTIs are usually ascending infections caused by
bacteria originating in the intestinal tract, because a high similarity exists between
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E. coli strains from urine and faeces of infected individuals (Turck, Petersdorf &
Furnier, 1962; Vosti ef al. 1964; Griineberg, 1969). The infecting E. coli type can
often be isolated from the facces before or at onset of symptomatic UTI
(Griineberg, Leigh & Brumfitt, 1968; Lidin-Janson et al. 1977), and it has
furthermore been shown that colonization of the vaginal introitus and the
periurethral area precedes the infection (Cooke & Ewins, 1975; Bollgren &
Winberg, 1976; Fowler & Stamey, 1977).

Two theories have been presented to explain the emergence of UTI with a faecal
strain: (1) the prevalence theory which says that the urinary strain has dominated
the faecal flora, and (2) the special pathogenicity theory which proposes that
certain virulence factors have to be present in strains able to invade the urinary
tract (Griineberg, Leigh & Brumfitt, 1968). The two theories are probably not
contradictory, but the correctness of the prevalence theory is difficult to prove
because of the lack of prospective studies. However, from studies carried out in
recent years it has appeared that E. coli isolated from non-obstructive cases of
acute pyelonephritis without reflux are characteristically endowed with certain
traits considered of importance for virulence. The traits are: certain O groups;
certain K antigens; amount of K antigen ; certain adhesins; haemolysin production;
resistance to serum bacteridical activity; resistance to phagocytosis; siderophore
production.

O antigens

E. coli strains of a relative small number of O groups, namely O1, 02, 04, 06,
07, 018 and 075, have been reported to account for a major part of O-groupable
UTI strains from different parts of the world (Ranz, 1962; Turck, Petersdorf &
Furnier, 1962; Kunin, Deutscher & Paquin, 1964; Vosti et al. 1964; McGeachie,
1965; Orskov & Orskov, 1967; Griineberg, Leigh & Brumfitt, 1968). It has also been
demonstrated that strains from the first infection showed a greater concentration
of these O groups compared with strains from recurrent infections (McGeachie,
1965: Bergstrom et al. 1967; Orskov & Orskov, 1967; Mabeck, Orskov & Orskov,
1971b; Sietzen, 1979). When UTIs were diagnosed as ABU, cystitis or pyelone-
phritis, it was furthermore demonstrated that strains of the above-mentioned O
groups with the addition of O 16 were found in ~ 80 % of pyelonephritis, in ~ 59 %
of eystitis and in 31 % of ABU strains (Lindberg ef al. 1975a). In addition, strains
from pyelonephritis without reflux more frequently belong to these O groups than
do strains from pyelonephritis with reflux (Lomberg ef al. 1984; Svanborg Edén
et al. 1985). No particular toxicity of these O antigens compared with other O
antigens, i.c. these lipopolysaccharides as such, has ever been shown; but it has
been shown by comparing isogenic 075* K5 and 075~ K5 isolates that presence
of O antigen contributes to the ability to persist in the mouse kidneys and bladders
(Hagberg et al. 1984).

It has been reported that spontaneously agglutinating strains (rough) were
particularly frequent among ABU strains (Olling et al. 1973; Lindberg et al. 1975a),
and that O antigens of strains from acute pyelonephritis and ABU belonging to
the same O groups behaved differently, e.g. strains from acute pyelonephritis
absorbed O antibodies in rabbit O antisera better than did strains from cases of
ABU (Lindberg et al. 1975b). A change from O group typability to spontaneous
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agglutination in successive UTI isolates has also been observed (Bettelheim &
Taylor, 1969; Lindberg et al. 1975b; Webb, Goodwin & Green, 1982). These
findings have been explained by a loss of full-length O polysaccharide chains of
the lipopolysaccharides in patchwise areas of the bacterial surface (Webb, Goodwin
& Green, 1982). As pointed out by Hanson et al. (1977), such changes may be an
example of ‘antigenic drift’ induced by antibodies of the host as noted for Vibrio
cholerae in mice (Sack & Miller, 1969).

K antigens

Vahlne (1945) and Sjostedt (1946) showed that presence of K antigen was more
common in UTI strains than in faccal strains. The most frequently found types
are K1, K2, K3, K5, K12 and K13 (Mabeck, Orskov & Orskov, 1971a; Kaijser
et al. 1977; Orskov et al. 1982a). Glynn & Howard (1970) and McCabe ef al. (1975)
demonstrated that the K antigen was present in larger quantitics in urinary strains
than in strains from facces; strains from the upper urinary tract were particularly
rich in K antigen (Glynn, Brumfitt & Howard, 1971; Brooks et al. 1980). The K
antigens were not serologically typed. The amount of K antigen was measured by
the ability of culture supernatant to inhibit the agglutination of sheep red blood
cells by antiserum. Kaijser (1973) measured the amount of K antigens K1, K2
and K13, both by the haemagglutination-inhibition technique and by crossed
immunoelectrophoresis, and provided additional support for the finding that K
antigen is present significantly more often and in greater amounts among E. coli
from cases of pyclonephritis than among strains from cystitis or from stools of
healthy children. In this case both O and K antigens were determined, and
pyelonephritis and cystitis strains of the same O:K type differed in K antigen
amount. Strains rich in K antigen were less sensitive than others to phagocytosis
as well as to bactericidal killing (Glynn & Howard, 1970).

Kétyi, Naumann & Nimmich (1983) inoculated several rough E. coli strains with
or without the K1 antigen directly into the bladder (i.e. through the abdominal
wall) of suckling mice (Kétyi, 1981). The strains were not isogenic. After 14-24
days the bladder and kidney infections were estimated. Possession of the K1
antigen was shown to have a virulence-enhancing effect. By comparing different
K* strains with their K~ mutants Verweig-van Vught et al. (1983) found that K
antigens were of minor importance for mouse nephropathogenicity. They only
examined one K 1% strain, and this was not nephropathogenic but was able to cause
a more general infection (termed group III strains), and this ability was lost by
the K™ mutant. However, in the model used by Verweig-van Vught et al. (1983)
the bacteria were injected intravenously, and viable counts of the kidneys were
performed 8 h after injection (van den Bosch, de Graaf & MacLaren, 1979). In
contrast to this model, that of Kétyi (1981) was designed to bring about an
ascending UTI.

O:K: H serotypes

Mabeck, Orskov & Orskov (1971 a) found that symptoms of acute pyelonephritis
were not correlated with particular H antigens, but that some E. coli serotypes,
namely 02:K1:H4, 04:K12:H5 and 06:K2ac:H 1, were associated with a
disproportionately high frequency of acute pyclonephritis. Orskov et al. (1982b)
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reported that strains of serotypes O1:K1:H7, 04:K12:H5, 06:K2:H1 and
016:K1:H6 were more frequently associated with pyelonephritis than with
cystitis, while the opposite was true for strains of serotype 06:K13:H 1, which
was therefore considered as a cystitic type. Viisinen-Rhen et al. (1984) found
that 57% of O antigen-typable strains from pyelonephritis belonged to the
following six serotypes: O1:K1:H7, 04:K12:H1, 04:K12:H1, 06:K2:H1,
016:K1:H6 and O18ac:K5:H7; the serotype O6:K13:H1 was also here
associated with cystitis.

Haemolysin

In 1921 Dudgeon, Wordley & Bawtree pointed out that haemolytic strains are
more common among UTI strains than among strains from the faccal flora. This
fact was later confirmed by several authors, e.g. Cooke & Ewins (1975), Minshew
et al. (1978) and Hacker et al. (1983). In addition, the percentage of haemolytic
strains has been found to be higher among strains from pyelonephritis than among
those from cystitis, ABU or the intestinal tract (Viisinen-Rhen el al. 1984).
Knipschildt (1945) and Kauffmann (1947) demonstrated that haemolytic E. coli
mainly belonged to strains of O groups 2, 4 and 6, and UTI strains are frequently
of these O groups or of O groups 18 and 75, which are also often haemolytic (Cooke
& Ewins, 1975; Hughes, Phillips & Roberts, 1982). However, strains of some
0:K:H serotypes within these O groups are more often haemolytic than others
(Vahlne, 1945; Sjostedt, 1946). Van den Bosch et al. (1981) studied the influence
on virulence of hacmolysin production in the experimental mouse model mentioned
above, which involves intravenous injection of the bacteria (van den Bosch,
de Graaf & MacLaren, 1979). They concluded that haemolysin production was a
decisive virulence factor in most of the mouse nephropathogenic strains, called
group II strains, since 6 out of 7 strains became avirulent after elimination of the
ability to produce haemolysin. These 6 strains were of O:K serotypes 06:K2,
075:K-, 04:K 3 or 0139:K82. Transfer of an Hly plasmid to a K12 strain did
not render this strain virulent in the same mouse model (Waalwijk et al. 1982).
Reduction or elimination of the haemolysin production in a group II strain by
insertion of transposon Tnb in the hly gene resulted in reduction or loss of
nephropathogenicity (Waalwijk & de Graaf, 1983). In the suckling mouse model
(Kétyi, 1981), where bacteria are introduced via the bladder, Kétyi, Naumann &
Nimmich (1983) found that rough strains with haemolytic activity induced bladder
and kidney infections, while rough strains without this activity were non-virulent.
Van den Bosch, Emédy & Kéty (1982) compared this model with that involving
intravenous ingestion of bacteria and found that haemolysin played a role in group
II strains no matter whether infection occurred via the bladder or intravenously.

As to the importance of haemolysin in strains given intravenously, Smith (1963)
found that preparations containing high concentrations of haemolysin were toxic
for mice. Emody et al. (1980) could not demonstrate a substantial difference
between cultures producing haemolysin and their non-haemolytic derivatives in
mice, and van den Bosch ef al. (1981) also reported that haemolysin was not an
important virulence factor in the extremely virulent group III strains which had
a more general virulence for mice.

When haemolytic strains are given intraperitoneally (i.p.) or intranasally to
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mice, they are more toxic than non-haemolytie strains (Smith & Linggood, 1971;
Kéty et al. 1978; Emddy et al. 1980). Welch et al. (1981) compared the virulence
of a strain into which the Aly genes had been cloned with that of the same strain
which had become Hly™ after insertion of a transposon. When inoculated i.p. into
rats, the Hly* strain was more virulent than the Hly~ mutant. In a recent paper
Smith & Huggins (1985) showed that Hly* bacteria given i.p. to mice multiply and
produce haemolysin, and when sufficient haemolysin has been liberated, the
animals die. The transposon-inserted Hly™ mutant of the strain also caused death
of the mice, but not until the bacteria had multiplied to a much greater extent.

The mechanism and site of action of haemolysin is not yet known. Partially
purified preparations of haemolysin from E. coli strains are cytotoxic for human
leucocytes and for fibroblasts in vitro (Cavalieri & Snyder, 1982a—c). Gadeberg,
Orskov & Rhodes (1983) described a cell-associated toxic effect for human
monocytes and granulocytes in haemolytic E. coli strains; this effect was not
inhibited by autologous plasma, in contrast to the effect produced by haemolysin-
containing culture supernatants. Isogenic Hly~ bacteria were not cytotoxic
(Gadeberg & Orskov, 1984). Thus a haemolytic E. coli culture may be virulent
because of a toxic effect on various cells, and in addition this effect may be
strengthened because the growth of the strain is stimulated by iron made available
by lysis of the erythrocytes (Linggood & Ingram, 1982; Waalwijk, MacLaren &
de Graaf, 1983). Sec also aerobactin under the section on bacteraemia.

Serum resistance
It has been claimed that the ability to resist the bactericidal activity of serum
was present more often in pyelonephritis E. coli strains than in ABU strains (Gower
et al. 1972; Olling et al. 1973; Bjorkstén & Kaijser; 1978), and that it was
significantly correlated with haemolysin production and with O types 04,06, 018
and 075 (Hughes, Phillips & Roberts, 1982). IFor further information on serum
resistance see under bacteraemia.

Phagocylosis

E. coliwithMS fimbriac/adhesinsbind toand activate human polymorphonuclear
leucocytes (PMV) (Bar-Sharit et al. 1977; Mangan & Snyder, 1979; Silverblatt,
Dreyer & Schauer, 1979), while strains with MR fimbriae of the gal-gal recognizing
type are poor in this respect (Blumenstock & Jann, 1982; Svanborg Edén et al.
1984); this means that possession of these last-mentioned fimbriae may confer
resistance to phagocytosis. For other information on phagocytosis see under
bacteraemia.

Adhesion and fimbriae

Svanborg Edén et al. (1976, 1978) have shown that E. coli from cases of acute
pyclonephritis in children adhere to human urinary epithelial cells to a greater
extent than strains from cases of cystitis, and these latter strains adhere in higher
number than strains from ABU. It was further demonstrated that the ability to
adhere was strongly correlated with the presence of fimbriae and mannose-sensitive
agglutination of guinea-pig erythrocytes; however, the adhesion to urinary
epithelial cells was not inhibited by p-mannose, suggesting that this adhesion
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might be mediated by some bacterial surface factor co-appearing with the fimbriae
(Svanborg Edén & Hansson, 1978). Killenius & Mollby (1979) reported that
adhesion to human periurethral cells correlated to mannose-resistant agglutination
of human erythrocytes. A very high proportion of strains with those two abilities
were present among acute pyclonephritis isolates from children, in contrast to the
proportion among normal faccal E. coli as shown by Hagberg et al. (1981). The
attachment is mediated by a specific binding to glycolipid receptors of the
globoseries (Leffler & Svanborg Edén, 1981), and fimbriae binding in this way have
been termed GS fimbriae (Svanborg Edén et al. 1983 a). The receptor is part of the
P blood group antigen containing a-p-galactose-(f1-4)-p-galactose residues, and
therefore the fimbriae have also been termed P fimbriac (Killenius ef al. 1980,
1981). Another name is pap pili (pyelonephritis-associated pili) (Hull et al. 1981)
or gal-gal pili (O’Hanley et al. 1985).

The view that gal-gal fimbriae are virulence factors in UTI has its opponents,
however. Thus Harber ef al. (1982) questioned the role played by fimbriae, since
bacteria freshly shed in the urine of infected patients failed to bind to epithelial
cells. As pointed out by Kunin (1982) and Svanborg Edén et al. (1982) an
explanation might be that the patients in the series of Harber et al. (1982) had
complex urologic problems, in which cases the bacteria do not need adhesive
properties. This suggestion was strongly supported by the findings of Lomberg
et al. (1984), who demonstrated a lower frequency of adhesiveness among strains
from children with reflux than among those without reflux. Svanborg Edén ef al.
(1982) further suggested that the findings of Harber et al. (1982) might be due to
the fact that not all bacteria in a culture attach to uroepithelial cells. It is therefore
understandable that UTI patients shed non-adhering bacteria. The question has
been raised why not all bacteria in a fimbriated culture are fimbriated (Orskov
et al. 1982b). An answer could be phase variation, a mechanism first described for
type 1 fimbriae by Brinton, Buzzell & Lauffer (1954). This explanation is supported
by the recent report by Rhen, Mikelid & Korhonen (1983) and Nowicki et al. (1984),
who showed that an extremely rapid phase variation takes place between different

fimbrial types present in an 04:K 12 strain.

Receptor cells in adherence tests

In vitro adherence experiments with UTI strains have mainly been carried out
with epithelial cells from the sediment of the urine of healthy persons or with
periurcthral cells from healthy individuals (Svanborg Edén et al. 1976; Schaeffer,
Amundsen & Schmidt, 1979; Killenius, Méllby & Winberg, 1980). No difference
in receptivity between these types of cell has been reported. Bucceal epithelial cells
have also been used by some workers. Schacffer et al. (1982) described a strong
correlation between receptivity of vaginal and buccal cells, while Varian & Cooke
(1980) found that UTI strains adhered better to urinary epithelial cells than to
buceal cells. UTI strains expressing only gal-gal fimbriae bind to both urinary and
buceal cells, although the receptivity of buccal cells may be lower. However, many
UTTI strains express in addition to gal-gal fimbriac some fimbriae antigenically
termed F1C (Orskov & Orskov, 1983) with no haemagglutinating ability, and
E. coli with only these last-mentioned fimbriac confer adherence to buccal cells but
not to uroepithelial cells (Urskov et al. 1982b). Since a single E. coli strain may
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express several kinds of fimbriae (Duguid & Old, 1980; Jann, Jann & Schmidt,
1981 ; Orskov et al. 1982b; Korhonen et al. 1982), no conclusion about fimbriae and
attachment to different epithelial cell types can be drawn until the fimbriae of the
strains examined have been analysed.

Serology of MR fimbriae

Fimbriae present in UTI strains causing agglutination of human and monkey
erythrocytes in a mannose-resistant manner (MRHA) were examined serologically
by means of crossed immunoelectrophoresis (CIE), and different types received the
F antigen numbers F7-F 13 (Orskov, Orskov & Birch-Andersen, 1980; Orskov
et al. 1982a, Orskov & Orskov, 1985) (the F antigen numbering of all fimbriae
regardless of morphology and receptor binding was suggested for practical reasons
(Drskov & Grskov, 1983)).

Test strains for F antigens F7-F 13 all agglutinate gal-gal (P) receptor-coated
particles, although F 10 less well than the others. There is almost no relationship
between antigens F7-F 13 when any two of those antigens are examined for
cross-reaction against one antiserum in CLE. This type of examination was carried
out by incorporation of a heterologous F antigen extract in the intermediate gel
of cach test I antigen CIE system. However, several of the antigens F7-F 13 do
cross-react when examined by another method in which a heterologous F
antiserum is added to the intermediate gel instead of an I antigen extract, i.e. when
one antigen is tested against two antisera (Orskov & Orskov, 1983, 1985).
Chemically these as well as the type 1 (see below) fimbrial antigens constitute o
group of evolutionarily related proteins (Klemm, Orskov & Orskov, 1983).

Correlation of F antigen and O: K : H serotype

By examination of the F antigens found in strains of the most common 0:K:H
serotypes among cystitis and pyelonephritis strains causing MRHA of human
erythrocytes (Drskov et al. 1982b; Urskov & Drskov, 1983, 1985) an association
was found between F antigen and O:K: H serotypes, a finding which was suggested
to reflect nature’s selection of certain virulent clones rather than genetic linkage
of different structures (Orskov et al. 1982a). The O:K:H:F types are the
following:0 1:K:H™:F,01:K1:H7:F11,02:K1:H4:F11,04:K12:H1:F 1y,
F 12 related, 04:K 12:H5:F 13, F 12 related and Fy (not yet characterized),
06:K2:H1:F7 (F7, and/or F7,), 07:K1:H™:F10 and 016:K1:H6:F 12,
some in addition F 11.

F antigen 1C which does not cause haemagglutination is present in many UTI
strains, but has been left out from the O:K:H:F serotype formula given here.

It is noteworthy that the typical cystitis serotype O6:K 13:H 1 does not have
MRHA activity (Orskov et al. 1982b).

E. coli serotype 06:K5:H1 arc among strains isolated from cystitis or pyelitis,
Some of these strains adhere to uroepithelial cells, but the adhesin has not yet been
classified antigenically. Tullus ef al. (1984) have recently reported that P (gal-
gal)-fimbriated 06:K 5 strains caused epidemic outbreaks of acute pyelonephritig
in children less than 2 years old by nosocomial spread.in a neonatal ward.

The MRHA capacity and adherence of strains belonging to the above-mentioned
frequent UTI serotypes is ascribed to the gal-gal recognizing fimbriae, but may
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in some cases also be due to adhesins not recognizing the gal-gal receptors. This
may, for example, be the case in O7:K 1: H™ strains, in which F 10 is not invariably
present. The test strain of the I 10 antigen is of this O:K:H type and recognizes
gal-gal receptor-coated particles, but not so strongly as the test strain of antigens
F17,F8, F9, F11, F12 and F13.

It has been reported that strains of O group 2 possess adhesins that recognize
the amino-terminal part of glycophorin A on human blood group M erythrocytes
(Viisinen et al. 1982) and that O2:K1 and O18:K1 strains possess fimbria
recognizing sialyl-galactosides (Parkinen et al. 1983; Korhonen et al. 1984). Such
adhesins are occasionally present in UTI strains (Viisinen-Rhen ef al. 1984) and
have been termed M and S fimbriae, respectively (Korhonen et al. 1984). No report
has appeared regarding the adherence of such strains to urinary epithelial cells.
Strains of O group 75 also with MRHA activity for human erythrocytes are not
infrequently present among UTI strains (Orskov & Orskov, 19824; Viisinen-Rhen
et al. 1984). A non-P (gal-gal), M or S haemagglutinin provisionally termed 075X,
of coil-like structure, has been demonstrated in O75: K 5:H- strains isolated from
UTI and normal facces (Viisinen-Rhen, 1984).

Non-fimbrial, non-gal-gal binding adhesins causing MR hacmagglutination of
human erythrocytes have recently been shown in a pyelonephritic E. coli of O group
02 (Labigne-Roussel et al. 1984) and in a urinary strain of serotype O83:K1:H4
(Goldhar, Perry & Ofek, 1984). Furthermore a non-gal-gal binding adhesive
protein capsule consisting of exceedingly fine filaments was demonstrated in three
E. coli strains, one of which was an 021:K7:H4 UTI isolate (Orskov ef al. 1985).
The importance of these adhesins is not known yet.

MS fimbriae (type 1)

Most E. coli strains are capable of producing type 1 fimbriae mediating a
mannose-reversible (MR) binding capacity (Duguid & Gillies, 1957) and thus also
UTI strains with MR adhesins have this capacity. These MS fimbriae bind to
monkey kidney cells (Salit & Gotschlich, 1977) and to rat uroepithelial cells
(Korhonen, Lefller & Svanborg Edén, 1981). Binding to human uroepithelial cells
has been described (Schaeffer, Amundsen & Schmidt, 1979; van den Bosch ef al.
1981), but it has also been reported that most strains with MSHA adhere poorly
to human uroepithelial cells, and that if they attach they attach only to squamous
cells, not to transitional cells, in contrast to those with MRHA activity of the gal-gal
binding type (Hagberg et al. 1981). However, Orskov, Orskov & Birch-Andersen
(1980) demonstrated that strains with type 1 fimbriae specifically adhere to
urinary mucus, which was shown to be identical to Tamm Horsfall protein (Orskov,
Ferenz & Orskov, 1980), and these authors suggested that trapping of type 1
fimbrial bacteria by the mucus could be considered as a non-immune resistance
mechanism. The binding of type 1 fimbriae to urinary mucus (alias Tamm Horsfall
protein), has been confirmed by Chick ef al. (1981).

Role of adhesion for experimental infection

The role of MS and MR (gal-gal) fimbriae for reproduction of disease has been
studied in mice, since both kinds of fimbriae attach to mouse uroepithelial cells,
while rat cells bind only MS fimbriae (Hagberg et al. 1983a). About 10! bacteria
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were installed into the bladder through a polyethylene catheter. The animals were
sacrificed at different times after infection, and viable counts were performed on
homogenized bladders and kidneys. The strains used were mutants of an O 75 strain
isolated from a case of acute pyclonephritis expressing either MS or MR or both
kinds of fimbriae, or transformants obtained by cloning genes from strain J96
(04:K6) coding for either the MS or the MR fimbriac into a normal faccal strain
(016:K1) or into ‘K12’ (Hagberg et al. 1983b; Svanborg Edén et al. 1983b).
Presence of MR fimbriae enhanced bacterial recovery from both kidneys and
bladders, while mutants and transformants with MS fimbriae were recovered in
larger numbers from the bladders than those expressing the MR fimbria, but
seemed to give little advantagein the kidney. The transformants derived from both
the rough K12 strain and the smooth faecal strain (O 16:K 1) adhered in vitro as
well as or better than the mutants derived from a pyelonephritis isolate. Yet the
transformants were at a significant disadvantage in vivo, i.e. adhesive capacity
adds to infectivity in bacteria with other virulence factors but is insufficient to
confer virulence as such. Also O’Hanley et al. (1985) compared the pathogenic
significance of MS and MR (gal-gal) fimbriae in the mouse model and cloned from
strain J96 the genetic determinant for these fimbriae into a K12 strain. No
colonization of the renal pelvis took place after installation of 10° bacteria of the
MS clone, while administration of 10*°-10!2 MS bacteria resulted in acute urcteric
reflux and colonization of the kidneys. In contrast only 10° of the cloned bacteria
expressing MR fimbriac colonized the kidneys. Since a titratable factor in the urine
identical to Tamm Horsfall protein bound to MS fimbriae, it was suggested
that the reason why the MS clone did not mediate renal colonization when inocula
< 10® bacteria were installed, was that the binding capacity for cell-surface
receptor molecules present in the mice epithelial cells was nullified by the Tamm
Horsfall protein, and this effect could be overcome when larger doses were given.

NEONATAL MENINGITIS: O AND K ANTIGEN

E. coli is a major cause of nconatal meningitis, and E. coli meningitis has a high
mortality rate and frequency of sequelae (Robbins et al. 1974a; Mulder & Zanen,
1984). Robbins et al. (1974 a), McCracken et al. (1974) and Sarff et al. (1975) showed
that 849, of E. coli isolated all over the U.S.A. from patients with this disease
carried the K1 antigen. Similar high frequencies of K 1-carrying strains have been
found in Europe (Cheasty, Gross & Rowe, 1977; Mulder & Zanen, 1984; Mulder,
van Alphen & Zanen, 1984). K1 strains arc found frequently but with lower
frequencies in facces of infants and adults (Robbins et al. 1974a; Sarff et al. 1975;
Orskov & Orskov, 1975). The most frequent O groups associated with K1 among
American strains were 07, 018, O1 and 06 (Robbins et al. 1974a; McCracken
et al. 1974), and the same O groups are found in European strains from neonatal
meningitis. However, at least one O group, 083, which is highly prevalent in
continental Europe (Handriick et al. 1982; Mulder, van Alphen & Zanen, 1984),
has only rarely been found in the U.S.A. Based on these results, it was natural
to call the K1 antigen a virulence factor. The K1 antigen and the capsular
polysaccharide of Neisseria meningitidis type B are chemically and immunologically
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very similar (Grados & Ewing, 1970; Robbins et al. 1974b): both are linear
homopolymers of an a 2-8 linked N-acetyl ncuraminic acid (NANA) (Barry &
Goebel, 1957; Bolanos & de Witt, 1966). The K1 antigen is a poor immunogen in
rabbits when injected intravenously as live organisms. High-titred capsular
antisera can, however, be obtained with formalinized N. meningitidis group B
organisms by repeated immunization of horses, and antiserum from one horse
(no. 46) is used currently in many laboratories as an anti-K 1 serum. The antiserum
agar technique (Sarff et al. 1975) that has been used widely to screen for E. coli
K1 is based on the finding that a precipitation halo will develop around colonics
when K1 cultures are grown on K1 antiserum-containing plates. Gross, Cheasty
& Rowe (1977) have isolated a small series of K 1-specific phages that are used in
many laboratories for K1 detection. Practically all K1 cultures will give rise to
colonies of two forms determined by the presence of O-acetylated (OAc*) or
non-0O-acetylated (OAc™) K1 polysaccharide. Either type of colony will give rise
to colonies of both types when subcultured (Orskov et al. 1971, 1979). This type
of variation was called form variation, in analogy to the form variation described
in salmonella O antigens (Kauffmann, 1940). The OAc*t K1 polysaccharide is
resistant to hydrolysis by neuraminidases (Orskov ef al. 1979) and is more
immunogenic in rabbits than the OAc™ polysaccharide. Most cultures from
neonatal meningitis and from other sources are found predominantly in the OAc™
state when first examined; at present, however, no conclusion can be drawn about
the possible influence of form variation in natural disease. The genetic background
for the form variation phenomenon has been investigated by Silver, Vann &
Aronson (1984).

The occurrence of the same capsular polysaccharide in two different pathogens
causing bacterial meningitis, the coli K1 antigen and the group B antigen of
N. meningitidis, has led to speculation about the importance of such cross-reacting
antigens in ‘natural immunity’ to meningococcus B disease (Robbins et al. 1974 b).
The common occurrence of K1 strains in the healthy intestine speaks for this
possibility, while the poor immunogenicity of the K1 antigen speaks against it
(Robbins et al. 1974b; Orskov et al. 1979). Another pair of such cross-reacting
antigens is the Haemophilus influenzae type b capsule and the coli K100 antigen
that are both polyribitol phosphates (Schneerson et al. 1972; Robbins et al. 1976).
E. coli 075:K 100 fed to adult volunteers caused significant rises in anti-capsular
antibodies, and the not infrequent occurrence of E. coli with the K100 antigen
might well explain the occurrence of antibodies to H. influenzae type b antigen
in the adult population (Robbins ef al. 1973). Other examples of antigenic
cross-reactions between coli K antigens and the capsular antigens of invasive
bacteria have been described by Robbins ef al. (1974b).

BACTERAEMIA

Neonatal meningitis with E. coli is most likely preceded by a bacteracmic phase,
and several investigators count strains from neonatal meningitis and bacteracmia
as one group. K. coli septicaemia and bacteracmia do not occur only in neonates,
and most published bacteraemia materials contain strains from all age groups. The
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strains described in such studies arrived in the blood from many different sites
of infection; especially frequently, however, from the urinary tract (Kreger et al.
1980). Many strains came from immunocompromised patients.

O antigens

Several groups of investigators have examined bacteraemia strains for their O
antigens. Vosti ef al. (1964) found O groups 06, 04,01, 075, 050,016,07, 021,
017 and 018, in that order of frequency. Maiztegui et al. (1965) presented a very
similar list of frequent O groups. McCabe et al. (1978) found in another large body
of US data that O groups 06, 04, 02, 016, 018 and 07 were found frequently
in both adult and infant bacteraemia, and that no significant difference could be
found between the occurrence of the single O groups in the two groups of patients.
Orskov & Orskov (1975), who examined 559 strains from different places in
Denmark, found the following order of frequency: 02, 04,06, 075,09, 08,018,
07, 022 and O1. Antisera corresponding to the most common O groups could
classify 57 % of the strains. Cross et al. (1984), who examined a large collection of
material from Washington D.C., found that O groups 06, 04, O1, O18ac, 016,
075,08, 02, 012 and O 15 were the most frequent ones and made up 59 % of all
strains. Thus, even though minor differences among these materials from various
geographical areas could be found, the uniformity of results is impressing. Most
of these O groups are also found frequently in other types of extra-intestinal
infections, but in addition in the normal healthy intestine — much more rarely
however — and one can therefore not conclude from these results that some O group
strains have special invasive capacities. This ‘special pathogenicity’ versus
‘prevalence 'discussion has already been treated above (in the UTI section).

K antigens and O: K : H serolypes

McCabe et al. (1978) also carried out K determination on their strains and found
K antigen in the following order of frequency: K1, K2, K12, K3, K13, K15, K8
and K 52. Because of lack of a useful antiserum, K 5 determination was not carried
out. Among strains that could be typed for both O and K antigen they found the
following O:K combinations to be the most common: 016:H1, 06:K2,01:K1,
018:K1,04:K 12 and O7:K 1. We have recently examined the above-mentioned
Danish material in more detail (Orskov & Orskov, in preparation) and found that
the most frequent K antigens were: K1, K12, K5, K13, K2, K15, K52 and K 25,
in that order. Amongst 363 O groupable strains 156 O:K:H scrotypes were found;
97 of these were represented by only one strain, whilst some serotypes were
represented by many strains: O4:K12:H5 by 28 strains, 02:K1:H4 by 14 and
06:K 15:H31 by 8 strains. Some of these frequent O: K : H serotypes found in this
Danish material have also been found among blood isolates in other locations.
Evans et al. (1981), who examined a large number of blood isolates with special
attention to the association between haemagglutination, haemolysin production
and serotype, also found these O: K:H serotypes well-represented. Korhonen et al.
(1985) found that 018ac:K1:H7,07:K1:H1,06:K2:H1 and Rough:K1:H33
altogether counted for 33 % of 63 Finnish strains from infants blood. Cross et al.
(1984) found O18ac:K1,01:K1 and O16:K 1 to be the most common O: K types
in the above-mentioned material from a Washington DC hospital. Thus, even
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though complete O: K : H serotyping has not been published from all studies based
on American strains, it is most likely that it really is the same serotypes that are
found frequently in blood in USA and in Scandinavia; 016:K1 may be an
exception, being highly prevalent in American blood isolates and not at all
represented among the published results based upon Scandinavian strains. As we
know that 0 16:K 1 strains can be found in Denmark (data not published), we can
only guess if this difference is based on an unexplained different prevalence in the
intestine of the general population or if the US O16:K 1 serotypes carry special
virulence factors. When discussing serotype distribution in different geographical
locations, onc could mention that Mabeck, Orskov & Orskov (1971a), who
examined UTI strains in a certain area, found unexplained changes in the
prevalence of the serotype O2:K 1:H4 over a three year period.

Bactericidal serum activity

Sjostedt (1946), who examined isogenic capsulated and non-capsulated variants
of well-defined O : K: H serotypes, noted that in 25 9, of strains the capsulated forms
were the more serum resistant ones. The only two K 1 strains examined fell in this
group; many strains belonging to O8 and 09 with K antigens of the A type showed
no serum resistance. He also compared serum resistance and toxicity measured in
LD 50 experiments on intraperitoneally infected mice and found that no correlation
could be shown between toxicity and serum resistance. He concluded from the
examination of many isolates that strains with the same O:K: H serotype had the
same resistance to the bactericidal properties of blood. Glynn & Howard (1970)
quantitated E. coli K antigens by the ability of saline extracts to inhibit the
agglutination of sheep erythrocytes in anti-erythrocyte serum. They found that
K-rich strains defined by this method were more resistant to serum killing that
K-poor ones. McCabe et al. (1975, 1978) detected no differences in serum resistance
among strains with different K antigens from a collection of blood isolates. Taylor
(1976) saw no correlation between susceptibility to serum killing and the amount
of K antigen in a series of urinary strains. Van Dijk et al. (1979) came to very similar
conclusions after examination of blood and faecal strains.

Taylor & Robinson (1980) found that the genetie transfer of the Ais linked genes
for the K27 antigen did not change the sensitivity of recipients, and later Opal,
Cross & Gemski (1982) confirmed this finding. Based on the above reports it can
therefore be concluded that many acidic K antigens have little or no role in protec-
tion against serum killing. On K antigen, KX 1, has a unique position because of its
close association with cases of neonatal meningitis (see above). While Olling (1977)
and Bjorkstén et al. (1976) could find no simple correlation between occurrence or
amount of K1 antigen in clinical isolates, Stevens ef al. (1978) found that K1
antigen inhibited complement activation. Cross ef al. (1984). who examined a large
collection of strains from blood, reported that 959% of the strains were serum
resistant and related this ability to the presence of K1 and other K antigens; K1
was by far the most common K antigen. Many such K1 strains had a rough
lipopolysaccharide at the same time: in this respeet K1 strains were unique, as
a common association between a degraded LPS and other K antigens could not
be found. Silver ef al. (1981) cloned the K1 genes into a K 12 host and found that
the recipient K 12 strain expressing the K1 polysaccharide was resistant to serum
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killing. Timmis et al. (1981) found in similar cloning experiments that K12
recipients of K1 were resistant to serum killing at low concentrations of serum,
but not at higher concentrations. Stevens ef al. (1978) and Pluschke et al. (1983)
showed that the sialic acid containing K1 capsule inhibited the activation of the
alternative complement pathway. It is probably not possible to draw any definite
overall conclusion about the role of acidic capsular polysaccharides in serum
killing. The K antigens of the A type, i.c. the electrophoretically slow moving high
molecular K antigens (Orskov et al. 1977), which in several respects resemble
klebsiclla capsular antigens, probably have no major influence on serum killing.
The scanty and contradictionary evidence about the clectrophoretically fast
moving, low molecular K antigens — except K1 — does not allow us to say if some
such K antigens may show a similar inhibitory activity.

The role of lipopolysaccharides as a protective factor against serum killing is
more thoroughly examined. McCabe et al. (1978) found that strains with 02, O4,
06, 07 and O 18 were the most serum resistant ones in a large collection from blood.
Taylor (1974) described 06, O7 and O 18 strains as basically serum resistant, while
strains with O1, 02, 04, 09 and 075 were serum sensitive. Henkel (1970) found
no correlation between serum resistance and O groups. Taylor (1976) could not
detect differences in the amount of extractable lipopolysaccharide from smooth
urinary strains that differed in sensitivity to serum. It is, however, a well
established fact that smooth to rough mutation, which determines a loss of
polysaccharide side chains of the lipopolysaccharide, will also cause a change from
serum resistance to serum sensitivity (Rowley, 1968; Taylor, 1975).

Recently Goldman, Joiner & Leive (1984) described a serum-resistant strain of
E. coli, 0111, derived from a serum-sensitive one, that had longer LPS side chains
and also a more extensive coverage of the lipid A core subunits, thus supporting
the view that the polysaccharide structure and the distribution of LPS, and
especially the LPS side chains on the bacterial surface, is of major importance for
the sensitivity to the bactericidal forces of serum (Taylor, 1983 ; Grossman & Leive,
1984). Pluschke & Achtman (1984) have compared serum sensitivity of 018:K 1,
07:K1 and O1:K1 strains and related the findings to the diseases from which
they were commonly isolated. They pointed out that 018: K1 and O7:K 1 strains
typically were serum resistant and associated with septicacmia and neconatal
meningitis, while O 1:K 1 strains were usually serum sensitive and rarely found in
blood or in cerebrospinal fluid. Serum sensitivity was due to activation of the
classical pathway. K1 strains of all three O groups were protected against
activation of the alternative complement pathway. In contrast to O7:K1 and
018:K1 strains, O1:X 1 strains could be killed by the classical pathway without
application of O antibodies; differences in the structure of O antigens are probably
partly responsible. Using K1 isolates of the same three O groups, Pluschke et al.
(1983) found that 07:K 1 and O 18: K 1 were able to cause bacteracmia in newborn
rats, while O1:K 1 strains could not. Disease and stool isolates did not differ in
virulence, confirming Sjostedt’s (1946) old observations.

Taylor & Parton (1976) described an outer membrane protein with influence on
serum sensitivity which was only functional in strains with full development of
lipopolysaccharide side chains. Plasmid-determined factors with an influence on
serum killing have been described by several investigators and have been reviewed
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extensively by Taylor (1983). One example is the 25-kd tra protein coded for by
the R6-5 plasmid found in about 2100 copies per cell in the outer surface of the
outer membrane, which will increase the survival in rabbit serum of a moderately
serum sensitive E. coli strain (Moll, Manning & Timmis, 1980). The modification
of serum killing caused by such proteins can most clearly be demonstrated in
moderately sensitive strains when using low concentrations of serum. Their
existence underlines the multi-factorial nature of the resistance of bacteria to the
bactericidal forces of serum.

Phagocytosis

Theobald Smith (1927) demonstrated that calf polymorphonuclear leucocytes
were inactive against capsulated E. coli, while acapsular variants were readily
taken up. Sjstedt (1946) examined many well-defined O:K: H serotypes and also
several sets of isogenic capsulated and non-capsulated E. coli. He found some
correlation between serotype and phagocytosis and also that the capsulated form
was resistant to phagocytosis in contrast to the acapsular variant. Serotypes with
well-developed capsules, i.c. strains that gave capsular swelling with K antiserum,
were never phagocytosed. Such strains would probably today be found to have
K antigens of the A type and O antigens 08,09, 020 or O 101 (Orskov et al. 1977).
Sjostedt (1946) also found that strains belonging to O1:K1:H1, and especially
to 06: K 13:H™, would readily undergo phagocytosis; in fact all strains with O6
were casily phagocytosed, while other serotypes would be phagocytosed to a
differing degree. Specific O antiscra did not increase phagocytosis, while K
antibodies, did, according to Sjostedt (1946).

Weinstein & Young (1976, 1978) found that Kl-containing strains from
bacteraemia were relatively more resistant to opsonophagocytosis by normal
human plasma and polymorphonuclear leucocytes than non-K 1 strains. Addition
of K antibody increased the phagocytosis of K1 bacteria, and the authors
suggested that the low immunogenicity of the K1 antigen could explain the
resistance to phagocytosis in normal plasma. K 1-bearing bacteria from stools
showed the same degree of phagocytosis when compared with blood isolates.
Stevens, Chu & Young (1980) found that the degree of phagocytosis of K 1 strains
was inversely related to the amount of capsular antigen. They described an
additional sialic acid containing K 1-related antigen that was found in the greatest
amount in strains that were more readily phagocytosed. Bortolussi et al. (1979)
showed that the K 1 antigen protected the K 1 strains against opsonization by the
alternative pathway and further that strains with much cell-associated K antigen
were more resistant to phagocytosis and more virulent in newborn rats than strains
with little capsular polysaccharide. Cross et al. (1984) found similarly that the K1
antigen protected against opsonophagocytosis by normal human serum and
neutrophils, and, in contrast to some earlier observations cited above, they found
that most other K antigens did not offer any protection against phagocytosis. Thus
at the present time more investigation is nceded on the role of coli K antigens -
other than K1 — in phagocytosis.
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Haemolysin

The observation that many E. coli strains from septicaemia are haemolytic has
been made by many investigators: Minchew et al. (1978), De Boy, Wachsmuth &
Davis (1980), Evans ef al. (1981), Korhonen et al. (1985). For more details about
the haemolysins as virulence factors see above under UTI.

Aerobactin

Minchew et al. (1978), who showed an association of haemolysin production,
haemagglutination of human erythrocytes and virulence for chicken embryos in
extra-intestinal E. coli isolates, further found that 129 of their blood isolates
carried the colicin V plasmid (Col V). Quackenbush & Falkow (1979) found,
however, that the common occurrence of the Col V plasmid in invasive E. coli did
not imply that Col V had any influence on the virulence of such strains. Smith &
Huggins (1980) showed that the loss of any of the characters O, K or Col V from
an 018:K1:H7 Col V carrying E. coli would make the strain less virulent for
chickens and mice than the parent form. However, the transfer of any or all of
these virulence markers to a K12 strain would only bring minor increases in
virulence to the original K12 strain. The loss of virulence of the variants of the
018:K1:H7, Col V strain was caused by a decreased ability to invade the body.
Williams (1979) and Warner et al. (1981) showed that Col V carrying E. coli
produced a Col V plasmid-determined siderophore, which was chemically a
hydroxymate compound identical to acrobactin, originally described in ‘ Aerobacter
aerogenes or Klebsiella’ by Gibson & Magrath (1969). Similar findings were reported
by Braun (1981). Valvano & Crosa (1984) found that the gene determining
acrobactin-production can be chromosomal in K1 antigen-carrying strains. The
ability to multiply in blood and tissue is dependent on the availability of iron for
the support of bacterial growth. Aerobactin and other iron-binding compounds in
association with haemolysis could therefore be looked upon as highly important
synergistic virulence factors.

Adhesins

Presence of adhesins in strains from sepsis and meningitis has not been examined
as extensively as it has in those from UTI. It is known that 06:K2:H1 and
04:K 12:H5 strains from blood have the same fimbrial antigens as the UTI strains
of these serotypes (Orskov & Orskov, 1983); however, Korhonen et al. (1985) have
reported that 06:K2:H1 and O7:K1:H- strains from nconatal sepsis or
meningitis apart from the gal-gal binding fimbriae also produced X adhesins, i.c.
adhesins not identified as type 1, gal-gal (P), S or M fimbriae, and furthermore that
most of the O18:K1:H7 strains from such cases had no gal-gal fimbriac but S
fimbriae, i.e. those recognizing sialyl galactosides. For further details regarding
adhesins sce under UTI strains.

CONCLUSION

The Escherichia colispecies consists of a bewildering number of stable phenoty pes.
The highly sclected strains received in Copenhagen sinee 1950 (more than 30000
strains) belong to several thousand different serotypes, not to speak of the much
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higher number of bio-serotypes or more highly defined phenotypes into which they
could be subdivided.

It is therefore consoling for the medically orientated person that recent times
have seen a revival of the ideas which were put forward many years ago (Sjostedt,
1946), i.e. that each well-defined O:K:H serotype had a characteristic pathogenic
capacity, and that the number of virulent serotypes was quite restricted. The
possibility that such well-defined O:K:H serotypes might represent bacterial
clones was suggested by Orskov et al. (1976), based on investigations on entero-
toxigenic E. coli (ETEC) isolated all over the world. This clone concept was also
proposed as an explanation for the non-random occurrence of serobiotypes
O18ac:K1:H7,01:K1:H7 and O16:K1:H6 in strains from blood and faeces
(Myerowitz et al. 1977). Achtman et al. (1983) introduced the analysis of outer
membrane proteins (OMP) and Caugant ef al. (1981) the iso-enzyme analysis, both
important for a detailed clone definition.

The pathogenic phenotypes are characterized by certain virulence factors:
however, a single trait is not enough to cause virulence, several traits must act
in concert.

Recent investigations also indicate that not only do some special clones, that
often can be described by the sero-biotype, have a special virulence, but it is also
apparent that disease like neonatal meningitis, non-neonatal bacteraemia and
pyelonephritis, i.e. diseases with different locations in the human body, are
sometimes connected with special types characteristic for each disease location.

We are most grateful for the never-failing care and enthusiasm with which our
secretary Mrs Bente Hansen has helped us to complete the manuseript for this

paper.
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