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The first encounter of the neonate with Esch.
coli consists of the normal intestinal colonization.
Already at this stage the body is able to cope with
these micro-organisms, accepting them as a part of
the normal intestinal flora, but hindering them from
invading the tissues. It is obvious, however, that
from this early colonization onward the infant and
then the child is carrying a reservoir of potentially
pathogenic micro-organisms which are separated
from the tissues only by the mucous membranes,
supported by the host defence. This paper
discusses Esch. coli infections in childhood with
special reference to bacterial virulence factors and
the immune defence mechanisms involved.

Normal colonization of the neonate
Soon after birth the infant is colonized by bacteria,

and among other species Esch. coli appear in the gut
(Hanson and Winberg, 1972; Gothefors et al.,
1976). Only in some neonates are these Esch. coli
of the same serotype as the dominant strain in the
mother's faecal flora. The origin of the remainder
is not clear but hospital flora may be one source.
In some cases it has been noted that a baby born in
hospital first picks up an Esch. coli strain which only
later is also found in the maternal stool (Gothefors,
1975; Gothefors et al., 1976). Such colonization
normally induces an antibody response against the
Esch. coli at the serum and possibly local level, as
shown by Lodinova, Jonja, and Wagner (1973)
using an Esch. coli 083 for experimental coloniza-
tion of infants.
What are the factors which normally prevent these

potential pathogens from invading the neonate from
the gut ? One poorly defined, but yet probably very
important, mechanism is the 'colonization resis-
tance' especially provided by the normal anaerobic
flora of the gut (van der Waaij and Heidt, 1976).

*The Windermere Lecture, delivered at the meeting of the British
Paediatric Association at York, on 8 April 1976.

Probably the baby is also colonized early with these
micro-organisms which are not well defined.
Another significant mechanism is the immune

defence in mucous membranes, including those of
the gut. Here a major component consists of
locally produced secretory IgA (SIgA) antibodies.
Such antibodies can prevent infection primarily
by the simple function of binding micro-organisms,
thereby hindering their contact with the mucous
membranes and underlying tissues. During the
first week of life the local antibody production in the
form of SIgA may be present but sparse-SIgA
consistently appears in the saliva at a few weeks of
age (South, 1971). At this age such antibodies are
normally provided by the maternal milk which
contains large amounts, SIgA making up almost half
the protein content of the early colostrum (Hanson
1961; Hanson et al., 1971). As the SIgA levels
rapidly diminish in the colostrum within the first
few days after birth, there is a simultaneous in-
crease in the milk volume which compensates for
this decrease in antibody concentration (Schubert
and Grunberg, 1949; Carlsson et al., 1976b) (Fig.),
so that there is a high and rather constant output of
SIgA antibodies throughout lactation.

It is striking that human milk contains SIgA
antibodies against a multitude of 0 and K antigens
of Esch. coli (Gindrat et al., 1972; Carlsson et al.,
1976b; Hanson et al., 1975b, 1976a)-surprising
considering that the milk SIgA obviously is synthe-
sized in the mammary gland (Hanson et al., 1975b)
and it is difficult to conceive how these enterobac-
terial antigens can induce local antibody production
in the mammary gland. Recently it was possible
to study this, however, on the basis of the observa-
tion that human milk contains large numbers of
lymphoid cells (Smith and Goldman, 1968; Murillo
and Goldman, 1970; Ahlstedt et al., 1975a). Almost
half of these are B lymphocytes (Diaz-Jouanen and
Williams, 1974), primarily producing IgA anti-
bodies (Smith and Goldman, 1968; Murillo and
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700 below.
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FIG.-Schematic representation of the volume of human
milk and its content of secretory IgA antibodies to Esch.
coli 0 antigens after parturition. The decrease in antibody
concentration is compensated by the increase in milk

volume (cf. Carlsson et al., 1976b).

Goldman, 1970; Ahlstedt et al., 1975a). Since
lymphoid cells from the Peyer's patches of the gut
have the capacity to repopulate the gut mucosa

with IgA-producing cells in irradiated animals
(Craig and Cebra, 1971) it seemed possible that
such cells, antigenically triggered in the gut, might
home to other tissues rich in lymphoid cells pro-
ducing IgA. In accordance with such a hypothesis
we found that three pregnant women within a few
days after intestinal colonization with Esch. coli
083 had large numbers of lymphoid cells in their
milk, producing SIgA antibodies to the 083 antigen
(Goldblum et al., 1975). There was no simul-
taneous serum antibody response in these women,
which speaks against transport of antigens from the
gut to the mammary gland and favours the assump-
tion of a homing of antigen-triggered lymphoid
cells from the Peyer's patches to the mammary
gland. In this way the mother is immunized
both locally in the gut and in the milk against the
bacteria in her intestine (Ahlstedt et al., 1976).
Her breast-fed baby which may be exposed to these
bacteria is at the same time provided with milk
SIgA antibodies against them. The fact that Swe-
dish and Pakistani mothers have milk antibodies
against the same Esch. coli 0 antigens suggests that
the broad spectrum of milk antibodies reflects a
series of early and recent encounters with preva-
lent strains of enterobacteria (Carlsson et al.,
1976a). As a consequence the milk may provide
protection against many Gram-negative bacteria,
not only those actually present in the maternal gut
flora.

It is not yet definitely proven that the defence

Esch. coli infections in infancy and childhood
Neonatal sepsis and meningitis. Esch. coli is

a major pathogen in neonatal sepsis/meningitis.
The causative Esch. coli often belong to common 0
groups (Bergstrom et al., 1972) and are generally
assumed to originate from the gut flora. What
makes them invade the intestinal mucosa and reach
the blood stream and meninges causing such
serious disease is yet unknown. It has been noted,
however, that the capsular KI antigen is exceedingly
common on Esch. coli causing neonatal meningitis,
being found in about 80% of strains from infants
with this disease (Robbins et al., 1974).
With the Kl antigen presumably being an im-

portant virulence factor in these infections it is of
some interest that colonization with Kl containing
Esch. coli induces a serum antibody response only
detectable in babies of over 6 months (McCracken
et al., 1976; Glode et al., 1976). On the other
hand, most of the mothers have serum IgG and
IgM anti-Kl antibodies, and about 80% of cord
sera contain maternal IgG anti-KI, while absence
of the IgG anti-Kl does not relate to increased risk
for infection (McCracken et al., 1976). Serum
IgA anti-Kl are not so often found in the mothers
though milk samples with very few exceptions con-
tain secretory IgA anti-Kl. Deficiency in milk
anti-Kl may increase the risk of the baby to attract
neonatal Esch. coli infection, and Winberg and
Wessner (1971) showed that a series of infants with
neonatal sepsis/meningitis had consumed signi-
ficantly smaller amounts of human milk than
matched controls.

In support of the protective functions of human
milk are also the lower number of Esch. coli in the
stool of breast-fed compared to artificially-fed
babies (Bullen and Willis, 1971; Michael, Ringe-
back, and Hottenstein, 1972). This would diminish
the infection dose in breast-fed infants and increase
their chance of coping with the bacterial assault.

Besides the anti-KI, milk contains antibodies to
several other Esch. coli K antigens and also many 0
antigens (Gindrat et al., 1972; Hanson et al., 1976a).
It is suggested that all these SIgA antibodies as

well as other factors in the maternal milk can play
an important role in the control of intestinal flora,
preventing neonatal sepsis/meningitis. This de-
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Esch. coli infections in childhood
fence may be of special significance during the early
part of life, till the infant can mount its own local
immunity, including the local production of
intestinal SIgA antibodies.

Diarrhoeal disease. The enteropathogenic
Esch. coli may cause severe disease in the infant
and small child. The pathogenic mechanisms of
these infections are still unclear. Recent studies
have suggested that Esch. coli may induce diarrhoea
in two ways. One involves bacteria which have the
capacity to adhere to gut epithelial cells (McNeish
et al., 1975) and invade the tissues more or less
deeply like Shigella and Salmonella (Guerrant et al.,
1975). The other, where Esch. coli produce
enterotoxins similar to Vibrio cholerae toxin in
function (Guerrant et al., 1975; Holmgren and
Svennerholm, 1976).
We know little about the bacterial adhesion

mechanism. It is possible that bacterial pili are
important and that specific protein structures like the
K88 present on Esch. coli enteropathogenic for the
pig are present on Esch. coli with enteropathogenic
activity in humans. If so, this is of importance,
since antibodies to such structures crucial for
pathogenicity may be efficiently protective and
can perhaps be induced by vaccination.
Our knowledge of enterotoxigenic Esch. coli is

scanty but the mechanism of their pathogenicity is
most probably similar to that of V. cholerae with
the toxin attaching to specific epithelial cell recep-
tors (Holmgren and Svennerholm, 1976). Secre-
tory IgA antibodies against V. cholerae can prevent
its adhesion to gut epithelium and its toxigenic
effects in experimental models (Fubara and Freter,
1973; Holmgren and Svennerholm, 1976; Pierce
and Sack, 1976). This preventive effect is poten-
tiated by the presence of normal gut flora (Sched-
lovsky and Freter, 1974), probably exemplifying
synergism between 'colonization resistance' and
immunological factors (van der Waaij and Heidt,
1976).
The lack of, or slow development of local im-

mune defence in the neonate should increase the
risk of diarrhoeal disease early in life. This is
strikingly illustrated in developing countries where
such diarrhoeal infections, especially accompanying
undemutrition, often are life threatening. Mata
and Urrutia (1971) and Mata and Wyatt (1971)
have shown that the risk of such infections in-
creases on weaning. This suggests that breast-
feeding may provide protection. This is supported
by the notion that infections with enteropathogenic
Esch. coli do not occur in breast-fed infants (Crosse,
1966) and that epidemics with such bacteria can

be controlled with human milk (Svirsky-Gross,
1958; Tassovatz and Kotsitch, 1961; Larguia et al.,
1974).

Recently we studied a small Esch. coli 0111
outbreak in Oslo (Andersen et al., 1976); 6 of the
infants with the infection had severe diarrhoea and
had not been breast fed. 2 breast-fed infants had
Esch. coli 0111 in the stool but had only insignificant
symptoms. There was no detectable anti-Oi1l
in the milk from these mothers, however. This
suggests firstly that even with a lack of specific
antibodies to the Esch. coli the many other defence
factors of the milk (Bullen and Willis, 1971;
Bullen, Rogers, and Leigh, 1972; Hanson and
Winberg, 1972; Gothefors, 1975) may help to
alleviate the infection. Secondly, the infant may
be colonized when the milk is antibody deficient.
This may not happen when the baby is breast fed
by a mother exposed more often to enteropatho-
genic Esch. coli. In accordance with this, the level
of milk SIgA antibodies against the 0 antigens of
enteropathogenic Esch. coli is much higher in the
milk of Pakistani women than Swedish women, the
latter supposedly rarely exposed to such Esch. coli
(Ahistedt et al., 1976). This was so in spite of the
fact that the Pakistani women were severely under-
nourished, supporting the value of breast feeding
also under such circumstances (Carlsson et al.,
1976a).

Since SIgA antibodies can help in preventing
experimental cholera (Fubara and Freter, 1973;
Holmgren and Svennerholm, 1976; Pierce and
Sack, 1976), it is of interest that we recently found
SIgA antibodies against Esch. coli enterotoxins in
milk from Pakistani but not from Swedish mothers
(Ahlstedt et al., 1976; Holmgren et al., 1976). This
suggests that in areas where enterotoxin-producing
Esch. coli occur, human milk may be important for
protection against infantile diarrhoea caused by
Esch. coli. Direct evidence for this is still lacking
however, but it seems reasonable to promote breast
feeding in paediatric practice as a preventive
measure. In addition it may be possible to develop
vaccination programmes for women resulting in
improved protection also of their breast-fed babies.

Urinary tract infections (UTI). The most
common Esch. coli infections in childhood are
without doubt UTI. The neonatal infections may
appear with insignificant or uncharacteristic symp-
toms like poor weight gain. During this period the
UTI is often accompanied by bacteraemia and is
assumed to have a haematogenous route from the
gut to the urinary tract. The same bacterial strain
is usually found in the gut as in the urine. After
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the neonatal period there are usually symptoms
accompanying acute cystitis and pyelonephritis,
but during the subsequent prevalent recurrences the
infections more and more often cause none or only
minor symptoms (Bergstrom et al., 1968).
UTI during early life is related to a significant

risk of developing renal parenchymal reduction and
scarring (Hodson and Wilson, 1965). Such changes
have been seen in 4-50% of girls and 13% of boys
followed from their first-recognized infection
(Winberg et al., 1974). About one-quarter of these
children developed lowered glomerular filtration
capacity after an observation period of 8-15 years
(Peterson et al., 1976) (Table I).

TABLE I
Renal function in 20 girls with renal scarring after
nonobstructive urinary tract infections. Observation

time from first noted infection was 8-15 years

Glomerular filtration rate Age at first known infection
(5lCr-EDTA)*

< I year > I year

>110 7 5
90-110 0 2
<90 2 4

For details see Peterson et al., 1976.
*ml/min per 1 73 M2.

It is not clear how the symptomatic forms of UTI
relate to the 'asymptomatic' cases ofUTI often found
on screening schoolgirls and others (Kunin,
Deutscher, and Paquin, 1964). Several ofthe patients
with asymptomatic bacteriuria have a history of
earlier UTI and in addition 10-26% of them have
renal scarring suggesting earlier infections (Kunin et
al., 1964; Savage et al., 1973; McLachlan et al.,
1975; Lindberg et al., 1975b).
Why do such infections occur and appear

in these different forms ? Is the host defence ab-
normal in the urinary tract of some individuals or

are other factors like reflux or residual urine mainly
to blame ? The answers to these questions are not
yet available but are of great importance because of
the large number of patients with UTI and our

deficient knowledge of how to handle them in many
respects-especially how to prevent renal scarring.
We do know, however, that a serum antibody

response is regularly detectable against the 0 anti-
gen of the infecting Esch. coli (Winberg et al., 1963).
This response appears in patients with acute

pyelonephritis but not cystitis when the indirect
haemagglutination assay is used. With other
techniques such as direct agglutination, the Farr

technique, or the enzyme-linked immunosorbent
assay, slightly differing results may be noted due to
the influence of immunoglobulin class and avidity
of the antibodies on the capacity of the various
methods to measure them (Ahlstedt, Holmgren,
and Hanson, 1972; Ahlstedt et al., 1975b). With
the ammonium sulphate precipitation technique
of Farr, increased antibody levels can actually be
picked up in some cases of acute cystitis, possibly
those with a pronounced tissue engagement
(Ahlstedt, Jodal, and Hanson, 1975c).

In contrast to the commonly encountered 0
antibody response, antibodies to the K antigens of
the infecting bacteria are less consistently present.
The Kl antigen, which is the most common capsular
antigen among Esch. coli causing acute pyelo-
nephritis in particular (39%) and UTI in general
(28%; Kaijser, Hanson, and Robbins, 1976), seems
to induce nonresponsiveness in most patients with
acute pyelonephritis (Kaijser, Jodal, and Hanson,
1973). It is still unknown whether or not this has
consequences for the clinical appearance and course
of the disease. In addition to the serum antibody
response there also seems to be a local antibody
formation in the urinary tract against Esch. coli 0
and K antigens demonstrable in the urine especially
as SIgA but also as IgG antibodies (Jodal et al., 1974;
Hanson et al., 1975a).
From experimental infections in animals it seems

as if IgG as well as IgM antibodies against the 0
and especially the K antigen of the Esch. coli are
protective (Kaijser, Holmgren, and Hanson, 1972;
Kaijser and Olling, 1973). This is true for haema-
togenous pyelonephritis and also, but at a lower
level, for ascending pyelonephritis after parenteral
and even intravesicular vaccination with killed
bacteria (Kaijser and Larsson, 1976; Hanson et al.,
1976b). Finally we have recently noticed that
Esch. coli strains isolated from the urine of patients
with pyelonephritis adhere to epithelial cells from
the normal human urinary tract much more effi-
ciently than bacteria isolated from the urine of
patients with asymptomatic bacteriuria (ABU)
(Table II). This adherence seems to be prevented
in vitro by urine antibodies against the bacteria
(Hanson et al., 1976b; Svanborg Eden et al., 1976).
There is only indirect evidence that the serum and

urine antibodies against the infecting Esch. coli
can affect the appearance and course of the disease
in patients with UTI. Thus recurrences are in
800° caused by bacteria of a serotype different from
that of the bacteria causing the preceding infection
(Bergstrom et al., 1967). Furthermore, continuous
changes of surface characteristics seem to occur in
Esch. coli isolated from the urine of longitudinally

L. A. Hanson740
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Esch. coli infections in childhood
TABLE II

Capacity to attach to normal uroepithelial cells of
Esch. coli isolated from urine of patients with various

forms of urinary tract infection

Origin of Esch. coli

Acute Acute Asymptomatic
pyelonephritis cystitis bacteriuria

No. of strains tested 22 8 22
No. of bacteria/

epithelial cells
Mean 44 26 2
SD 41 37 4

For details see Svanborg-Eden et al., 1976

followed untreated patients with ABU (Lindberg
et al., 1975c; Hanson et al., 1976b). This possible
'antigenic drift' of the bacteria may well be in-
duced by the local immune response in the form of
SIgA antibodies. These antibodies may exert their
function by binding the bacteria, thereby preventing
them from attaching to the epithelial cells. This
may be sufficient to prevent tissue invasion and
symptom-causing infection. Furthermore, the
changes of the Esch. coli to the forms typical for
ABU seem to result in less virulent bacterial forms
with 4500 being spontaneously agglutinating-less
than 2% of such Esch. coli are found in patients
with acute pyelonephritis (Lindberg et al., 1975d;
Hanson et al., 1976b). This may be another reason
why there are so few or no symptoms in ABU.
Thus, the adjustment of the micro-organisms in the
urine to the host defence may have the clinically
significant effect of a less harmful infection for the
host. If this assumption holds true it has conse-
quences for our evaluation of the needs for investiga-
tion, treatment, and follow-up of ABU patients.
Although 930% of patients with ABU can be

successfully treated by a short course of nitrofuran-
toin, in 52% it will recur within 3 years and in 22%
it will recur repeatedly (Lindberg, Jodal, and
Hanson, 1976). In contrast, 300o of untreated
ABU patients will rid themselves of the bacteria
spontaneously, and during a 3-year follow-up
there were no sign of effects on renal function or
appearance on intravenous urography or micturi-
tion cystourethrography in patients still bacteriuric
(Claesson and Lindberg, 1976). There may be
reason not to treat all ABU patients if a conse-
quence of the 'antigenic drift' we advocate for the
Esch. coli of ABU patients is a less harmful, often
spontaneously vanishing infection which gives
little or no symptoms (Lindberg et al., 1975c;
McLachlan et al., 1975). We need, however,

studies to make sure that we do not thereby miss
patients who may develop renal parenchymal
reduction, perhaps due to the presence of severe
reflux, residual urine (Lindberg et al., 1975a), or
other mechanical factors. We need simple tech-
niques to detect patients at risk for renal scarring
(Winberg et al., 1974) and eventual lowered renal
function (Peterson et al., 1976). One method
which holds promise for detecting patients with
renal parenchymal involvement is the demon-
stration of increased levels of serum IgG auto-
antibodies to the Tamm-Horsfall protein normally
present in renal tubules and urine (Hanson, Fasth,
and Jodal, 1976c). Another very simple but less
specific pointer to renal involvement is the presence
of increased levels of C-reactive protein in the blood
(Jodal, Lindberg, and Lincoln, 1975; Jodal and
Hanson, 1976).
Although information is accumulating which may

become useful in the handling of patients with UTI,
it is obvious that our knowledge is still inadequate.

Summary
The Esch. coli harboured in the gut constitute a

reservoir of potential pathogens in the infant and
child. The conditions required for these intestinal
inhabitants to cause infection are not well under-
stood. The presence of virulence factors such as
capsular antigens, especially Kl, may be of signi-
ficance for the ability of Esch. coli to cause neonatal
meningitis. The capacity of certain Esch. coli to
attach to epithelial cells of mucous membranes
may be important for their infective powers in the
urinary as well as the intestinal tract. Furthermore,
the ability of certain Esch. coli to produce entero-
toxins similar to that of V. cholerae is of importance
for their capacity to provoke diarrhoea.
The importance of the immune defence mecha-

nisms for prevention of these Esch. coli infections is
suggested, especially in the form of local immunity
provided by secretory IgA antibodies. Such
antibodies directed against Esch. coli 0 and K anti-
gens as well as enterotoxins are present in large
amounts in human milk and may be of considerable
importance for protection against Esch. coli in the
breast-fed baby. Breast feeding may be of special
significance until the baby has built up its own local
immune defence preventing the micro-organisms
from attaching to and invading the intestinal
mucous membranes. SIgA antibodies in urine
may have a similar protective effect against urinary
tract infections. The variable pictures of Esch.
coli infections in childhood are striking, ranging
from severe sepsis/meningitis or diarrhoea to
'asymptomatic' bacteriuria. This variability is
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742 L. A. Hanson
obviously closely connected with the presence of
various virulence factors and the function of
different components of the immune defence.

These studies were made possible by the co-operation
with enthusiastic and dedicated associates and assistants.
Grants were provided by the Swedish Medical Research
Council (project no. 215), the Ellen, Walter, and Lennart
Hesselman Foundation for Scientific Research, and the
First of May Flower Campaign Fund.

REFERENCES

Ahlstedt, S., Holmgren, J., and Hanson, L. A. (1972). Significance
of amount and avidity of E. coli 0 antibodies for manifestation
of their serological and protective properties. International
Archives of Allergy and Applied Immunology, 42, 826.

Ahlstedt, S., Carlsson, B., Hanson, L. A., and Goldblum, R. G.
(1975a). Antibody production by human colostral cells. I.
Immunoglobulin class, specificity and quantity. Scandinavian
Journal of Immunology, 4, 535.

Ahlstedt, S., Jodal, U., Hanson, L. A., and Holmgren, J. (1975b).
Quantitation of Escherichia coli 0 antibodies by direct and
indirect agglutination in comparison with a radioimmunoassay.
International Archives of Allergy and Applied Immunology, 48,
445.

Ahlstedt, S., Jodal, U., and Hanson, L. A. (1975c). Amount and
avidity of antibody to Escherichia coli 0 antigen measured with
the ammonium sulphate precipitation technique in children with
urinary tract infections. International Archives of Allergy and
Applied Immunology, 49, 615.

Ahlstedt, S., Carlsson, B., Fallstrom, S. P., Hanson, L. A., Holmgren,
J., Lidin-Janson, G., Lindblad, B. S., Jodal, U., Kaijser, B.,
Sohl Akerlund, A., and Wadsworth, C. (1976). Antibodies in
human serum and milk induced by enterobacteria and food
proteins. Immunology and the Gut. A Ciba Foundation
Symposium (in press).

Andersen, B. D., Carlsson, B., Eng, I., Halvorsen, S., Hanson, L. A.,
and Iveland, B. (1976). The effect of human milk without
specific antibodies on enteritis due to enteropathogenic Esche-
richia coli. Acta Paediatrica Scandinavica (in press).

Bergstrom, T., Lincoln, K., 0rskov, I., and Winberg, J. (1967).
Studies of urinary tract infections in infancy and childhood.
VIII. Reinfection vs. relapse in recurrent urinary tract
infections. Evaluation by means of identification of infecting
organisms. Journal of Pediatrics, 71, 13.

Bergstrom, T., Lincoln, K., Redin, B., and Winberg, J. (1968).
Studies of urinary tract infections in infancy and childhood.
X. Short or long-term treatment in girls with first and second-
time urinary tract infections uncomplicated by obstructive
urological abnormalities. Acta Paediatrica Scandinavica,
57, 186.

Bergstrom, T., Larsson, H., Lincoln, K., and Winberg, J. (1972).
Studies of urinary tract infection in infancy and childhood. XII.
80 consecutive patients with neonatal infection. Journal of
Pediatrics, 80, 858.

Bullen, C. L., and Willis, A. T. (1971). Resistance of the breast-
fed infant to gastroenteritis. British MedicalJournal, 3, 338.

Bullen, J. J., Rogers, H. J., and Leigh, L. (1972). Iron-binding
protein in milk and resistance to Escherichia coli infection in
infants. British Medical Journal, 1, 69.

Carlsson, B., Ahlstedt, S., Hanson, L. A., Lidin-Janson, G., Lind-
blad, B. S., and Sultana, R. (1976a). Escherichia coli 0 antibody
content in milk from healthy Swedish mothers and mothers
from a very low socio-economic group of a developing country.
Acta Paediatrica Scandinavica 65, 417.

Carlsson, B., Gothefors, L., Ahlstedt, S., Hanson, L. A., and
Winberg, J. (1976b). Studies of Escherichia coli 0 antigen
specific antibodies in human milk, maternal serum and cord
blood. Acta Paediatrica Scandinavica, 65, 216.

Claesson, I., and Lindberg, U. (1976). A follow-up study of the
urinary tract in treated and untreated schoolgirls with asympto-
matic bacteriuria. Radiology (in press).

Craig, S. W., and Cebra, J. J. (1971). Peyer's patches: an enriched
source for IgA-producing immunocytes in the rabbit. Journal
of Experimental Medicine, 134, 188.

Crosse, V. M. (1966). The Premature Baby, p. 143, Churchill,
London.

Diaz-Jouanen, E., and Williams, R. C., Jr. (1974). T and B
lymphocytes in human colostrum. Clinical Immunology and
Immunopathology, 3, 248.

Fubara, E. S., and Freter, R. C. (1973). Protection against enteric
infection by secretory IgA antibodies. Journal of Immunology,
111, 395.

Gerrard, J. W. (1974). Breast-feeding: second thoughts. Pediatrics,
54, 757.

Gindrat, J.-J., Gothefors, L., Hanson, L. A., and Winberg, J.
(1972). Antibodies in human milk against E. coli of the
serogroups most commonly found in neonatal infections. Acta
Paediatrica Scandinavica, 61, 587.

Glode, M. P., Sutton, A., Robbins, J. B., McCracken, G. H., Gotsch-
lich, E. C., Kaijser, B., and Hanson, L. A. (1976). Neonatal
Escherichia coli meningitis. Journal of Infectious Diseases,
Suppl. (in press).

Goldblum, R. M., Ahlstedt, S., Carlsson, B., Hanson, L. A., Jodal,
U., Lidin-Janson, G., and Sohl Akerlund, A. (1975). Anti-
body-forming cells in human colostrum after oral immunization.
Nature, 257, 797.

Goldman, A. S., and Smith, W. C. (1973). Flost resistance factors
in human milk. Journal of Pediatrics, 82, 1082.

Gothefors, L. (1975). Studies of anti-microbial factors in human
milk and bacterial colonization of the newborn. Ume& Uni-
versity medical dissertation, Sweden.

Gothefors, L., Carlsson, B., Ahlstedt, S., Hanson, L. A., and
Winberg, J. (1976). Influence of maternal gut flora and colo-
stral and cord serum antibodies on presence of Escherichia coli
in faeces of the newborn infant. Acta Paediatrica Scandinavica,
65, 225.

Guerrant, R. L., Moore, R. A., Kirschenfeld, P. M., and Sande,
M. A. (1975). Role of toxigenic and invasive bacteria in acute
diarrhea of childhood. New England Journal of Medicine,
293, 567.

Hanson, L. A. (1961). Comparative immunological studies of the
immune globulins of human milk and of blood serum. Inter-
national Archives of Allergy and Applied Immunology, 18, 241.

Hanson, L. A., and Winberg, J. (1972). Breast milk and defence
against infection in the newborn. Archives of Disease in Child-
hood, 47, 845.

Hanson, L. A., Borssen, R., Holmgren, J., Jodal, U., Johansson,
B. G., and Kaijser, B. (1971). Secretory IgA. Immunologic
Incompetence. Ed. by B. M. Kagan and E. R. Stiehm. Year
Book Medical Publishers, Chicago.

Hanson, L. A., Ahlstedt, S., Jodal, U., Kaijser, B., Larsson, P.,
Lidin-Janson, G., Lincoln, K., Lindberg, U., Mattsby, I.,
Olling, S., Peterson, H., and Sohl, A. (1975a). The host-
parasite relationship in urinary tract infections. Kidney Inter-
national, 8, S-28.

Hanson, L. A. Carlsson, B., Ahlstedt, S., Svanborg, C., and Kaijser,
B. (1975b). Immune defence factors in human milk. Milk
and lactation. Modern Problems in Paediatrics, 15, 63.

Hanson, L. A., Ahlstedt, S., Carlsson, B., Goldblum, R. M.,
Kaijser, B., and Lindblad, B. S. (1976a). The antibodies of
human milk, their origin and specificity. Food and Immunology.
Swedish Nutrition Foundation Symposium XIII (in press).

Hanson, L. A., Ahlstedt, S., Fasth, A., Jodal, U., Kaijser, B.,
Larsson, P., Lindberg, U., Olling, S., Sohl Akerlund, A., and
Svanborg Eden, C. (1976b). E. coli antigens, human im-
mune response and the pathogenesis of urinary tract infections.
Journal of Infectious Diseases, Suppl. (in press).

Hanson, L. A., Fasth, A., and Jodal, U. (1976c). Autoantibodies to
Tamm-Horsfall protein, a tool for diagnosing the level of
urinary tract infection. Lancet, 1, 226.

Hodson, C. J., and Wilson, S. (1965). Natural history of chronic
pyelonephritic scarring. British Medical Journal, 2, 191.

Holmgren, J., and Svennerholm, A.-M. (1976). Mechanisms of
disease and immunity in cholera. Journal of Infectious Diseases,
Suppl. (in press).

Holmgren, J., Hanson, L. A., Carlsson, B., Lindblad, B. S., and
Rahimtoola, J. (1976). Neutralizing antibodies against E. coli
coli and '. cholerae enterotoxins in human milk from a de-
veloping country. Scandinavian Journal of Immunology (in
press).

Jodal, U., and Hanson, L. A. (1976). Sequential determination of
C-reactive protein in acute childhood pyelonephritis. Acta
Paediatrica Scandinavica, 65, 319.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.51.10.737 on 1 O

ctober 1976. D
ow

nloaded from
 

http://adc.bmj.com/


Esch. coli infections in childhood 743
Jodal, U., Lindberg, U., and Lincoln, K. (1975). Level diagnosis

of symptomatic urinary tract infections in childhood. Acta
Paediatrica Scandinavica, 64, 201.

Jodal, U., Ahlstedt, S., Carlsson, B., Hanson, L. A., Lindberg, U.,
and Sohl, A. (1974). Local antibodies in childhood urinary
tract infection. A preliminary study. International Archives
of Allergy and Applied Immunology, 47, 537.

Kaiiser, B., and Larsson, P. (1976). Studies on the protective
affect of E. coli antibodies in ascending pyelonephritis in
rats (unpublished).

Kaijser, B., and Olling, S. (1973). Experimental hematogenous
pyelonephritis due to Esch. coli in rabbits: the antibody response
and its protective capacity. J7ournal of Infectious Diseascs, 128,
41.

Kaijser, B., Hanson, L. A., and Robbins, J. B. (1976). Frequency
of different E. coli K antigens in relation to urinary tract
infection in children (submitted for publication).

Kaijser, B., Holmgren, J., and Hanson, L. A. (1972). The protective
effect against E. coli of 0 and K antibodies of different immuno-
globulin classes. Scandinavian Journal of Immunology, 1, 27.

Kaijser, B., Jodal, U., and Hanson L. A. (1973). Studies on anti-
body response and tolerahice to E. coli K antigens in immu-
nized rabbits and in children with urinary tract infection.
International Archives of Allergy and Applied Immunology, 44,
260.

Kunin, C. M., Deutscher, R., and Paquin, A., Jr. (1964). Urinary
tract infections in school children: an epidemiologic, clinical
and laboratory study. Medicine, 43, 91.

Larguia, A. M., Urman, J., Ceriani, J. M., O'Donell, A., Stoliar, O.,
Martinez, J. C., Buscaglia, J. C., Weils, S., Qurroga, A., and
Irazu, M. (1974). Immunidad local en el recien nacida.
Primera experiencia con la administraci6n de calostro humano a
recien nacidos pretermino. Archivos Araentinos de Pediatria,
72, 109.

Lindberg, U., Jodal, U., and Hanson, L. A. (1976). Asymptomatic
bacteriuria in schoolgirls. VII. A three year follow up.
Acta Paediatrica Scandinavica (in press).

Lindberg, U., Biure, J., Haugstvedt. S., and Jodal, U. (1975a).
Asymptomatic bacteriuria in schoolgirls. III. Relation
between residual urine volume and recurrence. Acta Paodia-
trica Scandinavica, 64, 437.

Lindberg, U., Claesson, I., Hanson, L. A., and Jodal, U. (1975b).
Asymptomatic bacteriuria in schoolgirls. I. Clinical and labora-
tory findings. Acta Paediatrica Scandinavica, 64, 425.

Lindberg, U., Hanson, L. A.. Jodal, U., Lidin-Janson, G., Lincoln,
K., and Olling, S. (1975c). Asymptomatic bacteriuria in
schoolgirls. II. Differences in Escherichia coli causing
asymptomatic and symptomatic bacteriuria. Acta Paediatrica
Scandinavica, 64, 432.

Lindberg, U., Jodal, U., Hanson, L. A., and Kaiiser, B. (1975d).
Asymptomatic bacteriuria in schoolgirls. IV. Difficulties of
level diagnosis and the possible relation to the character of
infecting bacteria. Acta Paediatrica Scandinavica, 64, 574.

Lodinova, R., Jonja, V., and Wagner, V. (1973). Serum immuno-
globulins and coproglobulins and coproantibody formation in
infants after artificial intestinal colonization with Escherichia
coli 083 and oral lysozyme administration. Pediatric Research,
7, 659.

McCracken, G. H., Sarff, L. B., Robbins, J. B., Glode, M., Kaiiser,
B., and Hanson, L. A. (1976). Ontogeny of serum and secre-
tory Kl antibodies. Pediatric Research (in press).

McLachlan, M. S. F., Meller, S. T., Verrier Jones, E. R., Asscher,
A. W., Fletcher, E. W. L., Mayon-White, R. T., Ledingham,
J. G. G., Smith, J. C., and Johnston, H. H. (1975). Urinary
tract in schoolgirls with covert bacteriuria. Archives of Disease
in Childhood, 50, 253.

McNeish, A. S., Turner, P., Fleming. J., and Evans, L. (1975).
Mucosal adherence of human enteropathogenic Escherichia coli.
Lancet, 2, 946.

Mata, L. J., and Urrutia, J. J. (1971). Intestinal colonization of
breast-fed children in a rural area of low socio-economic level.
Annals of the New York Academy of Sciences, 176, 93.

Mata, L., and Wyatt, R. G. (1971). Host resistance to infection.
The uniqueness of human milk. American Journal of Clinical
Nutrition, 24, 976.

Michael, J. G., Ringenback, R., and Hottenstein, S. (1971). The
antimicrobial activity of human colostral antibody in the
newborn. Journal of Infectious Diseases, 124, 445.

Murillo, G. J., and Goldman, A. S. (1970). The cells of human
colostrum. II. Synthesis of IgA and ,3IC. Pediatric Re-
search, 4, 71.

Peterson, H., Bjure, J., Hanson, L. A., Jodal, U., Lindberg, U., and
Winberg, J. (1976). Incidence of lasting renal function
impairment in girls after uncomplicated first and second urinary
infections (unpublished).

Pierce, N. F., and Sack, R. B. (1976). Studies of the mucosal
immune response to cholera toxoid. Journal of Infectious
Diseases, Suppl. (in press).

Robbins, J. B., McCracken, G. H., Gotschlich, E. C., 0rskov, F.,
0rskov, I., and Hanson, L. A. (1974). Eschericia coli Kl
capsular polysaccharide associated with neonatal meningitis.
New England Journal of Medicine, 290, 1216.

Savage, D. C. L., Wilson, M. I., McHardy, M., Dewar, D. A. E.,
and Fee, W. M. (1973). Covert bacteriuria of childhood.
A clinical and epidemiological study. Archives of Disease in
Childhood, 48, 8.

Schedlovsky, S., and Freter, R. (1974). Synergism between eco-
logic and immunologic control mechanism of intestinal flora.
Journal of Infectious Diseases, 129, 296.

Schubert, J., and Grunberg, A. (1949). Zur Frage der Ueber-
tragung von Immun-Antikorpern voI der Mutter auf das Kind.
Schweizerische Medizinische Wochenschrift, 79, 1007.

Smith, C. W., and Goldman, A. S. (1968). The cells of human
colostrum. I. In vitro studies of morphology and functions.
Pediatric Research, 2, 103.

South, M. A. (1971). IgA in neonatal immunity. Annals of the
New York Academy of Sciences, 176, 40.

Svanborg Eden, C., Hanson, L. A., Jodal, U., Lindberg, U., and
Sohl Akerlund. A. (1976). Adhesion to human uroepithelial
cells of Eschericia coli causing various forms of urinary tract
infections. Lancet (in press).

Svirsky-Gross, S. (1958). Pathogenic strains of coli (0111) among
prematures and the use ofhuman milk in controlling the outbreak
of diarrhea. Annales Paediatrici, 190, 109.

Tassovatz, B., and Kotsitch, A. (1961). Le lait de femme et son
action de protection contre les infections intestinales chez le
nouveaune. Annales de Pediatrie, 8, 285.

van der Waaij, D., and Heidt, P. J. (1976). Intestinal bacterial
ecology in relation to immunological factors and other defense
mechanisms. Food and Immunology. Swedish Nutrition
Foundation Symposium XIII (in press).

Winberg, J., and Wessner, G. (1971). Does breast milk protect
against septicaemia in the newborn ? Lancet, 1, 1091.

Winberg, J., Andersen, H. J., Hanson, L. A., and Lincoln, K. (1963).
Studies of urinary tract infections in infancy and childhood. 1.
Antibody response in different types of urinary tract infections
caused by coliform bacteria. British Medical Journal, 2,
524.

Winberg, J., Andersen, H. J., Bergstrom, T., Jacobsson, B., Larsson,
H., and Lincoln, K. (1974). Epidemiology of symptomatic
urinary tract infection in childhood. Acta Paediatrica Scandi-
navica, Suppl. 252.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.51.10.737 on 1 O

ctober 1976. D
ow

nloaded from
 

http://adc.bmj.com/

