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ABSTRACT

Background: Diarrheagenic Escherichia coli may cause seri-
ous extraintestinal complications, but there is no specific treat-
ment,

Methods; Patients with diarthea caused by diarrheagenic E.
coli, specifically Shiga toxin-producing E. coli and E. coli-
expressing intimin and enterohemorrhagic £, cofi-hemelysin
were treated by administration of pooled bovine colostrum, rich
in antibodies to Shiga toxin and enterohemorrhagic £. cofi-
hemolysin, in a placebo-controlled, double-blind study. Symp-
lom resclution and fecal excretion of infecting strains were
assessed.

Results: No side effects were attributable to colostrum. Stool

frequencies in the group treated with bovine colostrum were
stgnificantly reduced compared with those in the placebo
group. No effect of therapy on the carriage of the pathogens or
on complications of the infection could be demonstrated,
Conclusions: Bovine colostrum is well tolerated and dimin-
ishes frequency of loose stools in children with E. coli-
assoctated diarrhea. A prospective study should be conducted
among a larger number of children with Shiga toxin-producing
E. coli identified early in illness, to determine the effectiveness
of colostrum therapy. JPGN 29:452-456, 1999. Key Words: Bo-
vine colostrum—Diarrhea—Diarrheagenic Escherichia coli—
Hemolytic uremic syndrome. © 1999 Lippincott Wiiliams &
Wilkins, Inc.

Escherichia coli are important and often overlooked
causes of severe diarrhea in children (1-3). Several mol-
ecules have been postulated to be critical pathogenicity
factors, including Shiga twxins (Stx), produced by E. coli
O157:H7 and other serotypes of E. coli (designated Stx-
producing E. coli (STEC) (1): intimin, encoded by eae
(4), which has also been associated with diarrhea, both in
epidemiologic (3) and volunteer studies (6) and entero-
hemorrhagic E. coli (EHEC)-hemolysin, which is en-
coded on the large plasmid of E. coli O157:H7 (7.8),
which can also be found in E. coli that do not produce
Stx.

Diarrheagenic E. coli can also cause serious extraint-
estinal complications in children, such as hemolytic ure-
mic syndrome (HUS) which is caused by STEC. Cur-
rently available data do not support the use of specific
antimicrobial therapy for the treatment of childhood in-
fections cansed by STEC or other diartheagenic E. eoli
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(9). The clinical and economic impact of infection with
these bacteria, including hospital admission for dehydra-
tion or for HUS, has only recently been elucidated (10).

Colostrum is an important defense against a variety of
microbial pathogens. In many mammalian species, these
protective factors are transferred from the mother to im-
munologically naive offspring. In humans, breast feeding
during the first months of life decreases infant morbidity
and mortality secondary to diarrheal and systemic infec-
tions (11). Whole bovine colostrum and immunoglobu-
lin-entiched colostrum fractions have been used in in-
fants and immunocompromised adults to treat or prevent
enteric infections (12-14).

We performed an exploratory study to test the hypoth-
eses that bovine colostrum containing antibodies against
E. coli virulence factors, in particular Stx, intimin, and
EHEC-hemolysin, hasten the elimination of a variety of
diarrheagenic E. coli and reduce the frequency of stools
in children infected with these crganisms.

PATIENTS, MATERIALS, AND METHODS

Children with diarrhea whose stoel cultures yielded E. coli
containing eae which encodes intimin. in addition to Stxl,
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Stx2, or both or EHEC-hemolysin were considered eligible for
cnroliment. To exclude the presence of typical enteropatho-
genic E. coli, cultured strains had to be negative for the entero-
pathogenic £. coli adherence factor {15).

Screening for the pathogenic . coli strains was performed
by polymerase chain reaction (PCR) analysis of overnight stool
cultures from sorbitol MacConkey agar to detect the presence
of sequences homelogous to the genes encoding 3ixl, Six2,
intirin, and EHEC-hemolysin {7,16-18). For PCR, colonies
grown overnight {approximately 1300 colonies) were harvested
in 1 ml of saline solution (0.85% NaCly, The PCR reactions
were performed with a commercial system (GeneAmp 9600,
Perkin Elmer-Applied Biosystems, Weiterstadt, Germany).
Amplifications were carried out in a total volume of 50 pl
containing 15 pl bacterial suspension (10" cells), each deoxy-
nucleoside triphosphate at 200 wM. 30 pM of each primer, 5 ul
of 10-fold concentrated polymerase synthesis buffer, 1.5 mM
MgCl,, and 2.0 U of DNA polymerase (Amplifag: Perkin
Elmer—Applied Biosystems). The primer sequences and PCR
conditions are shown in Table 1. After 30 cycles had been
completed, u 5-pl-aliquot of each PCR sample was analyzed by
submarine gel electrophoresis or §.5% (wuvol) agarose gel and
visualized by staining with ethidium bromide. To distinguish
between Stx2 and Stx2¢, restriction endonuclease anabysis of
PCR products obtained with Stx2-specific primers was per-
formed with Haelll and Fokl, as described (17). To identify
colonies of £ cofi containing these virulence genes in PCR-
positive samples, colony-blot hybridization with 100 to 200
individual colonies was performed by using digoxigenin-
tabeled probes specific for the sequences of Stxl, Six2, and
intimin, respectively. as described (19). Production of Stx by E.
coli strains was tested by using the Vero cell cytotoxicity assay
(20). Enterohemolytic phenotype was verified on enterohemo-
lysin agar {7}. AH stools were also screened for the presence of
other enteropathogenic bacteria by standard culture techniques
and for rotavirus antigen by enzyme immunoussay.

Patients (age 1 month to 18 years) admitted to the hospital in
either of Wiiszburg's two childrer’s hospitals because of diar-

ritea caused by E. coli were entered into the trial from July 1993
through June 1996. The frequency of isolation of Stx-producing
E. coli in this population is about 2.8% of all patients with
diarthea (1). Two patients treated for established HUS in the
Children’s Hospital of the University of Ervlangen, Germany,
were also entered into the trial. The parents of the children and
the adolescent patients were informed about the trial both orally
{duration of interview, >60 minutes) and in writing. All parents
and adolescents consented in writing to participate.

A complete history, including the time of the onset of diar-
thea, a thorough physical examination, and laboratory values
inciuding complete blood count, urinalysis, blood gases, serum
electrolytes, and other tests were recorded when appropriate.
Exclusion criteria were unknown time of onset of diarrhea, a
history of bovine miik intolerance, treatment of diarrhea with
drugs, and breasi-feeding. In addition, patients were excluded
from the final evajuation if vomiting interfered with adminis-
teation of the study medication.

The study medication was either bovine colostrum or pla-
cebo. Bovine colostrum concentrate was prepared following the
guidelines for the preparation of infant’s milk and contained
80% protein with >65% immunoglobulin, mainly IgG (Lacto-
bin, Biotest Pharma, Preieich, Germany) (21), Bovine colos-
trum vsed was from z single batch that originated from more
than 100 carefully supervised cows not immunized against E.
coli strains and contained high titers of neutralizing antibodies
against Stx1, $1x2, and EHEC-hemolysin (22). Gelatin (92%
protein, Topfer, Dietmannsried, Germany), an innocuous
preparation devoid of antibodies but similar in chemical com-
position and identical in appearance with bovine colostrum,
served as placebo.

Patients meeting the entry criteria and still in the hospital at
the time of the bacteriologic diagnosis were randomly allocated
to receive eith - bevine colostrum or placebo administered
double-blind as t+ se daily doses of 7 g before meals for 14
days. Patients were examined every other day during their hos-
pital stays. at least once weekly thereafter for the duration of
treatment, and on days 5 (first day after treatment cessation)

TABLE L. Primers used in polymerase chain reaction assays for the detection of virulence factors in Escherichia coli strains
grown from stools of children with diarrhea

Experimentzl

Virulence factor

Shiga [()K‘zl;il’i:():f.’\:f-)m

Shiga toxin 2 ($2x2)

Intimin (eae)*

Eaterohemorthagic £, coli-hemolysin {Hlv)

Primers conditions References
5°-CCC GGA TCC ATG 30 seconds. 94°C 16
AAN AAA ACA TTATTA 60 seconds, 52°C
ATA GC-¥ 40 seconds, 72°C
5'CCC GAA TTC AGC 30 cycles
TAT TCT GAG TCA
ACG-3'
5'-ATG AAG AAG ATG 30 seconds, 94°C i7
TTT ATG GCG-3' 6} seconds, 52°C
5-TCA GTC ATT ATT 60 seconds, 72°C
AAA CTG CAC-Y 30 cycles
5'-CCC GAA TTC GGC 30 seconds, 94°C 18
ACA AGC ATA AGC-Y 60 seconds, 52°C
5'-CCC GGA TCC GTC 60 seconds, 72°C
TCG CCA GTA TTC G-3' 30 cycles
5 -GGT GCA GCA GAA 30 seconds, 94°C 7

AAA GTT GTA G-3°
5-TCT CGC CTG ATA
GTG TTT GGT-3

90 seconds, 57°C
90 seconds, 72°C
30 cycles

“ Primers are derived from the conserved region of the gene thus recognizing intimin o, . and .
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TABLE 2. Microbivlogic characterization of Escherichia
coli expressing Shiga toxin 1 or 2, Intimin (eae) or
EHEC-hemolysin (Hly) isolated from patients with diarrhea
and treated with bovine colostrum or placebo

Bovine colostrum Placebo”
Positive PCR Positive PCR
Serovar indication Serovar indication

O8N~ Hly, eae 08:H- Hiv, eae
09:H-~ Stxl, Hly, eae -~ Q14:H- Hly, eqe
025:H14 Stxl, Hly, eae 026:H- Hly, eae
026:H~ Stxl, Hly, eae 026:H47 Hly, eae
Q26:H~ Stxl, Hlv, eae O103:H2 Stxl, Hiy, eae
026:H- Hly, eae 0156:H23 Hiy, eae
0103:H2 Stxd, Hly, eae O157:H~ Six2, Hly, eae
O103:H2 Sixl, Hiy, cae 0157:H7 Stx2, Hly, eae
Ol07:H- Hly, eae Q15TH7 5152, Hiv, eae
O157:H- Hiy, eae ONT:H- Sixl, vae
0157:H- Stx2, Hiy, eae no jsolate Sixi
Qi137:H7 Stx2, Hly, eae no isolate Sinf
Orough:H- Hly, eae no isolate Six2

no isolate Stx2

“ In four patients E. coli struins were isolated in which PCR for Shiga
toxin sequences | or 2 (two patients each) were positive, and stools
showed Vero cell cytatoxicity, but the isolate was not tested for the
presence of intimin or EHEC-hemolysin and was not serotyped, EHEC,
enterohemorrhage E. coli; PCR, polymerase chain reaction; ONT, O
antigen not typable.

and 21. While in the hospital, the patients or parents of the
patients were instructed in how to follow the study guidelines
by specially trained nurses. Swol frequency was noted daily
and compared with the stool frequency recorded on diary cards
by the parents. Discrepancies between parental report and hos-
pital records were reconciled by interview with the parents.
Parents also recorded the consumption of the study medication
and other events. Adherence to the stdy protocol after dis-
charge trom hospital was ascertained by telephone calls to the
patients’ homes.

h was assumed that 15 patients per group in a parallef group
setting were sufficient to identify relevant treatment effects and
to enable appropriate sample sizes to be determined in subse-
quent confirmatory studies. Data were analyzed using the Mann—
Whitney test or Fisher’s exact test. P at the 5% level was
regarded as significant. The study was approved by the ethics

commitiee of the Medical Faculty of the University of Wikz-
burg.

RESULTS

Thirty children with diarrhea caused by infection with
E. coli expressing Stx1, Stx2, or both; intimin; or EHEC-
hemolysin were entered into the study. No patient met
the exclusion criteria at enrollment. In 1 patient each,
Salmonella enterice and rotavirus antigen were also
found. In three children with Stx-producing E. coli in-
fection, study medication was discontinued because of
preexisting continuous vomiting: Two of these patients
had HUS before entry inte the study, whereas the third
patient was an infant with severe developmental retarda-
tion and wasting secondary to preexisting severe feeding
problems. Vomiting in these three children was net con-
sidered a side effect of the study medication (two in the
bovine colostrum group, one in the placebo group) but to
be related to the preexisting illnesses, In the third patient
who had HUS before entry into the study, treatment was
administered. No patient experienced development of
HUS after initiation of study treatment.

Table 2 shows the characterization of the isolated
strains of E. coli including bacteria of a vartety of sero-
types. The demographic and clinical data of the patients
treated with bovine colostrum (# = 13) and those treated
with placebo (n = 14) showed no obvious or significant
differences (Table 3).

The study medication was well tolerated. Six children
treated with hovine colostrum and seven administered
placebo reported minor symptoms (poor appetite, ab-
dominai colic, and occasional vomiting).

During treatment with bovine colostrum, median stool
frequency decreased from three stools per day to one,
whereas during treatment with placebo, the median stool
frequency did not change during the observation period
(P < 0.05; Table 4). The treatment period required for a
reduction in stool frequency of at least 50% was shorter
in patients treated with bovine colostrum (P < 0.05).

The excretion of E. coli expressing intimin and EHEC-
hemolysin by patients treated with bovine colostrum was

TABLE 3. Clinical and demographic data of 27 children with diarrhea caused by infection with Escherichia coli expressing
Shiga toxin I or 2, intimin, or EHEC-hemolysin wha were treated with bovine colostrum or placebo

Bovine

Nurnber of patients
Male:female

Mean age in years {range)
Fever measured (n > 38.4°C)
Vomiting

Median stool frequency (range) the day before starting study medication

Median duration in days {range) of diarthea before study entry®

colostrum

13

58

2 (5 months 10 18 years)
5

6

3¢1-20$)

5(2-17

Placebo

14

8:6

1 (3 months to F2 years)
9

g

2(1-16)

5(2-13)

“ This period includes the ime between recogrition of diarrhea in the hospital and start of treatment, which was 1 or 2 days. EHEC. enterchem-

orrhagic E. coli.
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TABLE 4. Effect of treatment with bovine colostrum or placebo in children with dierrfiea caused by infection with Escherichia
coli expressing Shiga toxin 1 or 2. intimin, or EHEC-hemolysin

Bovine colostrum Placebo P value

Stool frequency at study entry 3 £ 2 (median, 3) 3 & 4 (median, 2)
Stool frequency at end of treatment 1 = 1 (median, 1) 2 = 3 {median, 2)
Reduction of stool frequency 2 + 2 (median, 2) 1 % 3 (median, 0) P = 0.027
Elimination of strains expressing virulence factors

Stxt 46 (67F 3/3 (100)

Sz 2/2 (100) 35 {60)

eqe (intimin) L1/13 (85) 6/10 (60)

EHEC-hemokysin 11/13 (83) 59 (56)

Data are mean + SD. EHEC. enterohemorrhagic E. coli.

< Number of patients negative at end of treatment/positive at entry into swudy {%}.

not significantly different from that in patients treated
with placebo (Table 4).

DISCUSSION

Bovine colostrum was well tolerated in children in-
fected with diarrheagenic E. coli, specificallty Shiga tox-
in—producing E. coli and E. coli expressing intimin and
EHEC-hemolysin. However, two of the three patients in
whom vomiting precluded continued administration had
HUS. Thus, although it may be reasonable to treat chil-
dren with HUS with bovine colostrum in an attempt 1o
minimize the absorption of toxins from the bowel, chil-
dren with HUS sometimes may not tolerate this treat-
ment or other orally administered treatments early in the
course because of vomiting. However, therapy with co-
lostrum late in the course of HUS, after the appetite has
returned and vomiting has abated, may play a role in
reducing the number of bowel movements and thereby
reduce potential secondary spread at that point.

Our study was not intended to demenstrate that bovine
colostrum prevents HUS in children infected with STEC.
However, our demonstration that bovine colostrum re-
duced the stool frequency in children infected with diar-
rheagenic E. coli suggests that such an intervention may
prevent secondary cases of STEC infection. Stx-pro-
ducing E. coli may be excreted for several weeks afier
acute infection (23). It has been shown that exposure to
a family member with diarrhea or other direct contact is
a risk factor for infection with STEC, leading to diarrhea
and HUS (24,25). Reducing the frequency of diarrhea
may curiail transmission of such pathogens in homes and
in day care centers if administered earlier in the course of
diarrhea than was achieved in this study. However, a
larger number of patients and their contacts would be
necessary to test these hypotheses.

The interval between hospital admission secondary to
diarrhea and initiation of treatment with the study medi-
cation was | to 2 days. This was because the causative F.
coli strain had to be grown from stools, identified by
PCR, and informed consent obtained for participation in
the trial. We do not know whether this delay adversely

affected the efficacy of the bovine colostrum treatment.
Therefore, the possibility exists that if colostrum therapy
had commenced at the time of presentation, and not 1 or
2 days later, the difterence in effects between the two
groups may have been even greater.

Antibiotics are not recommended in infections with
STEC for several reasons (26): Antibiotic treatment may
release Stx, which may be systemically absorbed (27).
may increase Stx production (28), may be ineffective in
children with STEC-associated enteritis (29), and may
increase the risk of development of HUS (30--32). In this
regard, it is somewhat reassuring to note that the colos-
trum did not accelerate clearance of the STEC from the
stool of infected patients, as might have been expected
had the antibodies elicited an intraintestinal bactericidal
effect, with potentially increased toxin release.

In summary, bovine colostrum reduces stool fre-
quency in children infected with diarrheagenic E. coli
and is well tolerated. These findings warrant extension of
this treatment method to larger populations infected with
diarrheagenic E. coli, ideally, targeting infected children
early in the course of their illnesses to determine whether
early administration prevents HUS and has an even
greater effect on diarrhea than was demonstrated in this
study.
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