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Seven phages highly active in vitro and in vivo against one or other of seven bovine
enteropathogenic strains of Escherichia coli belonging to six different serotypes were jsolated
from sewage. Severe experimentally induced E. coli diarrhoea in calves could be cured by a
single dose of 105 phage organisms. It could be prevented by doses as low as 102, by spraying the-
litter in the calf rooms with aqueous phage suspensions or simply by keeping the calves in
uncleaned rooms previously occupied by calves whose E. coli infections had been treated with
phage. Microbiological examinations of calves used in these experiments reveaied that the

- phage organisms multiplied rapidly and profusely after gaining entry to the E. cofi-infected small

intestine, quickly reducing the E. coli to numbers that were virtually harmless. The only phage-
resistant E. coli that emerged in the studies on calves infected with one or other of the seven E.
coli strains were K. These organisms were much less virulent than the K* organisms from
which they were derived and did not present a serious problem in calves given adequate amounts
of colostrum. Infections produced by oral inoculation of a mixture of six strains of the E. coli
could be controlled by administration of a pool of the six phages that were active against them
but, in general, the control was less compiete than that observed in the single-strain infections.
K+ phage-resistant bacteria emerged in some of the calves used in these mixed infections and
they were as virulent as their parent organists; evidence from in vitro studies suggested that they
might have arisen by genetic transfer between organisms of the different infecting strains.
Infections produced by these K* mutants and their parents could be controlled by the use of
mutant phages derived from phages that were active on their parents. During the experiments
with mixed E. coli infection, an extraneous phage active against one of the six E. coli strains
suddenly appeared in calves kept in the same rooms. Microbiological examinations revealed
that this phage was effectively controlling the multiplication of organisms of that particular
strain of E. coli in the small intestines of the calves.

INTRODUCTION

It is generally believed that phages are of little value in controlling bacterial infections in man
and domestic animals: the main reasons for their apparent failure are thought to be low activity
in vivo compared with that in vitro and the rapid emergence of phage-resistant bacterial mutants
during treatment, Recently, a generalized and a cerebral infection of mice withanO18:K1:H7
Escherichia coli strain was studied to test the validity of this view (Smith & Huggins, 1982).
Contrary to expectations, an anti-K | phage proved more effective in controlling these infections
than most antibiotics with which it was compared; this phage was highly active in vivo and the
only phage-resistant bacterial mutants that emerged during treatment were K1~ and they were of
low virulence. The investigation was extended to study the treatment of E. coli infections in an
entirely different environment, the alimentary tract (Smith & Huggins, 1983). Calves, pigletsand
lambs experimentally infected with enteropathogenic E. coli were used for this purpose, models
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possessing the important property of closely resembling the natural disease that occurs in these
animals. Again success was obtained. Because this investigation revealed that phages possessed
unique properties of potential value in the prophylaxis of bacterial enteric disease we decided to
study them mainly as prophylactic rather than as curative agents in our calf E. coli diarrhoea
model; the results are reported in this paper. A few calves, though, were given phages when they
were already suffering from experimental E. coli diarrhoea, principally to obtain information on
the in vivo virulence of phages. ‘

All the phages found in our earlier work to have therapeutic potential had a very narrow
spectrum of anti-bacterial activity, maximum activity only being directed against bacterial
strains of the same serotype. Phages were now sought whose attack points were structures, such
as the 99 antigen, which are widely distributed amongst enteropathogenic strains. Realizing that
such a phage might not be found, as indeed it was not, the search was planned with the
additional objective of obtaining a pool of narrow-spectrum phages which might act as a
substitute. With considerable difficulty and over a period of several years of search, a pool of
phages was eventually obtained which was therapeutically active against representative strains
of six E. coli serotypes, probably the majority of those reported to be enteropathogenic for calves
and lambs. As and when they were obtained, members of this pool were used in a series of
experiments that ran concurrently with the phage search, experiments specifically designed to
throw light on the potential value of phages in general for controlling natural bacterial enteric
infections. All the members were used in at least one of several different types of experiment
because it was felt that this would yield more information than would the use of only one phage
in all experiments. Finally, the pool of phages was used in attempts to control infections
produced by a mixture of the six E. coli strains, -

METHODS

The procedures described below were standard for all experiments; any modification is referred to in the text
when it occurs. ’

Bacterial strains. The six enteropathogenic E. coli strains used in most of the phage therapy studies were B41
(0101 : K 30), B44 (09 : X 30), B79 (0101 :X32), B85 (09 :X.35), B117 (08 : K85) and S48 (0101 :K28); strain S13,

of the same serotype as B117, was used in one experiment. All seven had been isolated from outbreaks of disease in
calves (B) or lambs (S). Strain S48 had been received from Mr W. J. Soyka of the Central Veterinary Laboratory,
Ministry of Agriculture, Fisheries and Food, Weybridge, Surrey, UK ; the remaining six were described initially
by Smith & Halls (1967a). All seven strains were non-motile and produced the 99 antigen and heat-stable (ST)
enterotoxin; all except E. coli B117 and S13 produced the F41 antigen. The strains that were antibiotic-sensitive,
B44, B85 and S48, were used as spontaneous mutants resistant to nalidixic acid to facilitate their enumeration in
the alimentary tract. To differentiate the six strains from each other in mixed infection experiments, antibiotic-
resistant plasmids were inserted into some and spontaneous nalidixic acid or ampicillin resistant mutants were
isolated from others. All strains altered in this manner were compared in mixed infection experiments with their
parents to confirm that no obvious alteration in their ability to colonize the small intestine had occurred as a
consequence of their genetic aiteration. In oral challenge experiments, a spontaneous mutant of a non-
enteropathogenic E. cofi strain, P713, resistant to rifampicin and a lactobacillus culture, AHT1, were always given
in the inoculum to simulate, to some extent, natural infection; the presence of P713 also aided assessment of the
behaviour of the enteropathogenic strains in the alimentary tract. The lactobacillus, AHT]I, isolated from the
facces of a healthy pig was not identified to species level.

Culture media and cultural conditions. Broth cultures consisted of organisms grown in 10 mi nutrient broth, Oxoid
no. 2 (CM67), in a shaking water bath (approximately 100 r.p.m.). The MacConkey's agar employed was Oxoid
(CM7). The nutrient agar was Difco tryptose agar (B64) to which CaCl, {0-02%) had been added because batches
of nutrient agar had been found (Smith, 1948) that did not contain sufficient for staphylococcal phage activity.
Towards the end of the work CaCl, (003%) was also added to the nutrient broth used in phage searches because an
extraneous phage, S48/2, was isolated from the faeces of several of our experimental calves on the nutrient agar, a
phage that could only be propagated in the nutrient broth if CaCl, was added to it. The lactobacillus was grown on
Rogosa's agar (Oxoid) for 48 h in an atmosphere of H, containing 5% (v/v) CO,. All other culture media were

incubated aerobically at 37°C for 24 h.

Phage search. This was based on the methods of Smith & Huggins (1982). Phages active on the enteropathogenic
strains were found only occasionally. None had a range of activity extending beyond strains possessing the same K
antigen. All were submitted to in vitro virulence tests and those of low virulence discarded. A mixture of equal
numbers of all the undiscarded phages that were active on the same strain were given orally to a calf suffering from
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