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INTRODUCITION

Certain members of the family Enterobacteriaceae,
namely, Salmonella and Shigella, are accepted as
the cause of enteritis in children and adults. Gastro-
enteritis in infants may also be caused by these
organisms, but, in addition, may be caused by some
serotypes of Escherichia coli. Pathogenic organisms
are those which cause disease, and the E. coli re-
covered from the faeces of patients with enteritis are
not necessarily the cause of their illness, but proof
of the etiological significance of certain specific
serotypes has been provided by many detailed
epidemiological studies,' by feeding experiments on
both babies (Fukumi et al., 1952; Neter & Shumway,

* This is one of a series of studies on the laboratory
diagnosis of various diseases which appear from time to time
in the Bulletin of the World Health Organization. An effort is
made to ensure that the diagnostic methods recommended in
these studies are as internationally representative and accept-
able as possible by securing the co-operation of a number of
experts from different countries. A list of the reviewers of
the study presented here is given in the Annex on page 70.
To all of these, and to the authors, the World Health
Organization is greatly indebted.-ED.

1 Clinical Pathologist, Children's Hospital, Birmingham,
England.

2 Director, Salmonella Reference Laboratory, Central
Public Health Laboratory, Colindale, London, England.

3Jameson et al. (1954); McDonald & Charter (1955);
Rogers (1951a); Rogers & Koegler (1951); Smith (1949,
1955); Stulberg et al. (1954, 1955); Taylor (1951); Taylor &
Charter (1952); Thomson et al. (1956); Todd & Hall (1953);
Wright et al. (1953); Wright & Villaneuva (1953).

1950) and adults (Ferguson & June, 1952; June et
al., 1953; Kirby et al., 1950; Wentworth et al., 1956)
and by demonstration of antibodies in the sera of
recovered patients (Neter et al., 1955).

Shortly after the First World War, Adam (1923)
produced evidence to show that certain types of
E. coli with distinctive biochemical reactions, which
he named Dyspepsie coli, were the cause of cholera
infantum-severe epidemic infantile gastro-enteritis.
It is easy to appreciate that Adam's work could not
be exploited until the more.exact method of identi-
fication of E. coli using serological techniques had
been established; it is now known that each 0 group
includes a number of different biochemical patterns.
It has been found that all cases originating from a
single source excrete organisms with the same bio-
chemical pattern which, on further testing, are found
to belong to a single serotype. Goldschmidt (1933)
extended Adam's observations and developed a
serological technique for identifying the Dyspepsie
coli type of E. coli, but unfortunately her work was
overlooked and it was 12 years before Bray (1945)
again drew attention to the etiological importance
of E. coli in epidemic infantile gastro-enteritis.
Shortly afterwards, more evidence was provided by
two other groups of British workers (Giles &
Sangster, 1948; Taylor et al., 1949); this and later
work has been well summarized in several articles,
in English (Ann. N. Y. Acad. Sci., 1956; Smith, 1955;
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Young & Rogers, 1954), in German (Adam, 1956;
Braun, 1956) and in French (Buttiaux et al., 1956).
Thanks to Kauffmann's valuable scheme for the

classification of the E. coli group, the results obtained
by different investigators could be compared.
Kauffmann (1943) showed the importance of iden-
tifying the somatic, surface and flagellar antigens,
and later he (Kaufmann, 1954) and others used
these antigens to evolve what is now the accepted
international method of classifying the E. coli group;
Knipschildt (1945a, 1945b), Vahlne (1945), 0rskov
(1951) and others extended the Kauffmann classi-
fication in their investigations.
The incubation period of epidemic infantile gastro-

enteritis is usually 5-12 days, although sometimes
it is only 2-4 days (Braun, 1951; Hutchinson, 1957;
McDonald & Charter, 1955; Rogers, 1951a; Rogers
& Koegler, 1951; Smith, 1955; Todd & Hall, 1953).
Infants often vomit for several days before the onset

of diarrhoea, and epidemics have been caused by
the admission of vomiting babies to infants' wards
(Rogers, 1951b; Rogers & Koegler, 1951). The
onset of enteritis is often precipitated, amongst
carriers of these serotypes, by the spread of coryza
in the community of babies or by a sudden change
of diet.

In any area or individual hospital it is not un-
usual for one pathogenic serotype to disappear and
for another one to appear later and cause enteritis
amongst the infants (Smith, 1955). Although
infection with these serotypes usually originates in
hospitals or institutions, it can also occur in the
home (Hutchinson, 1957; Thomson et al., 1956).
As institutional outbreaks may have a fulminating
onset, the routine methods employed for the iden-
tification of E. coli serotypes should be designed
to provide rapid reliable results both for newly
admitted patients and for contacts.

MANAGEMENT AND PREVENTION OF AN EPID-MIC OF E. COLI GASTRO-ENTERITIS

MANAGEMENT

It is not possible to lay down dogmatic and strict
rules as to how to deal with any epidemic of gastro-
enteritis due to E. coli, as each community presents
its own particular problem, and in nearly every case

the ideal solution must be modified by what is
practically possible. The first step is to examine the
faeces from every patient in the ward; if faecal
specimens are not available then a rectal swab
should be taken, but this must show faecal staining.
These specimens must be taken before commencing
treatment with antibacterial agents. Faecal speci-
mens from all babies who develop diarrhoea in
their homes should also be fully investigated; if
enteropathogenic strains of E. coli are found, the
case should be treated as described later in this
study. As a general rule, it is unnecessary to investi-
gate any other members of the family but those who
are less than two years of age.

If an epidemic occurs in a ward in which there are

many babies, all the babies should be given chemo-
therapy or chemoprophylaxis (Laurell et al., 1951;
Rogers et al., 1956; Singer, 1954; Stulberg et al.,
1955; Todd & Hall, 1953, 1955; Wheeler & Wainer-
man, 1954). If possible, no more babies should be
admitted to the ward in which the epidemic has bro-
ken out, but should any baby have to be admitted,
then it also should be given chemoprophylaxis. Once

the bacteriological results are available, therapy can
be confined to those who are excreting the pathogenic
serotype. Neomycin (Marie et al., 1955; Rogers et
al., 1956; Stulberg et al., 1954, 1955; Wheeler &
Wainerman, 1954) is a valuable antibiotic for this
therapy, but in some parts of the world-notably,
in France (Buttiaux et al., 1956)-many strains of
the enteropathogenic serotypes of E. coli are re-
sistant to neomycin. As it is impossible to predict
which antibiotic will be best for the treatment of the
cases in any fresh epidemic ofE. coli enteritis (Young
& Rogers, 1954), in vitro sensitivity tests should be
carried out on every strain which is isolated.
The chemotherapy should be given for 7-10 days,

but as 20o% of the carriers (Rogers et al., 1956) may
re-excrete the organisms some time after therapy
has been discontinued, there is a danger that excre-
tors will be present in the ward and an endemic
infection will be established there; to avoid this a
careful and regular examination of the faeces should
always be made to detect, as early as possible, any
baby who is an excretor. There are no contra-
indications to two or more courses of treatment
with neomycin, if the organism is sensitive to that
antibiotic, but the baby should be nursed in strict
isolation (Jameson et al., 1954; Rogers, 1951a,
1956-57) if it continues to excrete the specific sero-
type in spite of such treatment.
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E. coli serotypes can survive in dust for a con-
siderable period (Rogers, 1954) so the ward should
be fumigated as soon as all the patients have been
discharged. Formalin is an effective fumigant
provided that the ward can be properly sealed to
prevent draughts or leakage of the vapour. Some
workers prefer not to use formalin because of its
pungent smell and the difficulty of preventing
leakage. Ethylene oxide has been used instead of
formalin, but although it is less irritant it is probably
as toxic as formalin. Cleaning and washing of the
walls and furniture with disinfectant is sometimes
tried out because of these difficulties, but the surface
application of a disinfectant has been shown to be
an unsatisfactory method of killing the entero-
pathogenic types of E. coli in a ward which has been
heavily contaminated (Rogers, 1951a).

PREVENTION

It is important to prevent excretors of the specific
serotypes from being admitted to the wards of a
hospital or nursery in which other infants are being
nursed. Each baby admitted should be isolated in a
cubicle which is geographically separated from the
main infant wards. The faeces of each baby are
cultured and, if no specific serotype is identified and
if there is no history of gastro-enteritis, the baby is
transferred to the general ward. If a specific sero-
type is identified, the baby is either sent home as
soon as possible or sent to an isolation hospital or
a ward for infectious diseases (Jameson et al., 1954;

Rogers, 1954). The cubicle in which the baby was
nursed must be fumigated. Even this system of
isolation, however, may fail to eliminate gastro-
enteritis due to E. coli, first because there is no se-
lective medium for the isolation of specific sero-
types; secondly, because very few of these organisms
may be present on the medium and they may be
missed; and, thirdly, because the patient may excrete
the organisms only intermittently.

If it is essential to admit a patient excreting a
serotype, treatment with neomycin must be given.
The role of the nursing staff in the spread of infec-

tion is difficult to define, as few workers have been
able to make complete studies on the carrier rate
in adults who work amongst affected children; this
is an investigation which is very much needed.
Epidemics have been caused by nurses who were
excreting one of the pathogenic serotypes after
suffering from an attack of enteritis (Singer, 1954;
Singer & Ludford, 1953); the nurses in question,
however, had not undergone a hospital training, so
they might not have been well versed in ward
hygiene, nor been aware of the danger of inadequate
hand-washing after visiting the lavatory (Hutchinson,
1956).
The authors will not discuss hygiene techniques

in relation to personnel, fomites and food as this
would be outside the scope of this study; the different
practices adopted in different places, when ade-
quately observed, have resulted in the control, or in
a reduction, of the spread of infection.

COLLECTION OF SPECIMENS

The most important material to examine is faeces,
which provide information unobtainable from any
other material. Vomit may also be investigated
(Rogers, 1951a, 1951b; Rogers & Koegler, 1951) but
the results obtained are less reliable. On rare occa-
sions, pathogenic serotypes of E. coli may be isolated
from pus from localized infection in the middle ear,
from secondarily infected open wounds or from
other areas.

FAECES AND FAECAL MATERIAL

Specimens of faeces (Rogers, 1953) should always
be examined, if possible, as a full examination for
the presence of blood, pus, parasites, Salmonella and
Shigella is essential for the diagnosis of any case
of gastro-enteritis. If the specimens cannot be

examined within 24 hours, Stuart's transport
medium (Cooper, 1957; Stuart et al., 1954) should
be used. Pathogenic serotypes of E. coli usually
remain alive for a considerable time, but if present
in small numbers in faeces, they may be overgrown
or killed by other organisms.

Specimens of faecal material to be sent to the
laboratory should be obtained by one of the follow-
ing methods:

Faecal swab. A swab may be plunged into the
sample of faeces. Such a swab provides information
almost as complete as that obtained from speci-
mens of the faeces themselves.

Rectal swab. A rectal swab taken in the proper
way will always show faecal staining; unless such
staining is obvious, the swab is of no value.
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Sleeve swab (Rogers, 1953). The swab is surround-
ed by a piece of glass tubing about 4 cm long with
rounded ends. The sleeve and swab are sterilized
in a test-tube in the bottom of which there is a small
quantity of liquid paraffin, which facilitates the
passage of the tube through the anal canal and
internal sphincter. The sphincter presents distinct
resistance to the passage of the tube, but it is possible
to push the swab through the sleeve into the rectum.
If the infant has severe gastro-enteritis, this method
provides a very good specimen as the watery faeces,
which normally soak into the nappies (diapers),

fill the glass tube as soon as the internal sphincter is
touched.

VOMIT

The vomit of babies with gastro-enteritis often
provides a heavy pure culture of the type of E. coli
causing the enteritis (Rogers, 1951a, 1951b; Rogers
& Koegler, 1951).

OTHER SPECIMENS

Swabs of pus and other exudates are collected
by the technique usually employed.

EXAMINATION OF SPECIMENS

The first stools passed by a newborn infant consist
of meconium, which is a tarry, dark, greenish brown,
almost odourless substance with a faintly acid
reaction.
Meconium stools continue to be passed three to

five times a day for the first three to four days of
life and then give place to changing -stools, which
are greenish or brownish-yellow in colour and which
lack the viscid character of the earlier motions.
Changing stools contain the residue of ingested
milk and have a typical odour, due to invasion of
the intestines by bacteria. The transition from
meconium to changing stools is gradual, and the
same applies to the transition from changing stools
to the stools of a baby established on human or
cow's milk feeds.
The stools of a breast-fed baby have a slightly

sour smell and are golden or mustard-yellow in
colour; they are soft or liquid, the number passed
in a 24-hour period varies from one to six, and they
are acid in odour and reaction. The stools of a baby
being fed on fresh or dried cow's milk are also yellow,
but are paler and more formed than those of a
breast-fed baby and are sometimes hard and dry
despite a reasonable fluid intake; they are alkaline,
neutral or slightly acid in reaction, and have a more
decided odour due to the decomposition of the
protein.

In considering whether stools are normal it is not
sufficient to note the number passed per day. Ac-
count must be taken of their consistency, colour
and odour, in relation to the type of milk being
offered, and of any medicaments being given to the
baby. Findings which should raise the question of
disturbed alimentary functioning include stools

which are watery or which contain large amounts of
mucus or undigested milk in the form of curds, and
change in colour and in odour (Craig, 1955; Griffith
& Mitchell, 1941).

FAECES

Macroscopic examination
The following points should be noted: colour,

odour, consistency, and the presence of blood, pus
or excess mucus. The faeces from a baby with
gastro-enteritis vary from a very pale straw colour
to bright green. The odour is offensive. The con-
sistency varies; some are completely fluid, some are
fluid with solid particles and some are semi-formed.
A slight excess of mucus may be present when the
gastro-enteritis is due to E. coli, but the presence of
blood or pus usually denotes some other infective
agent or pathological condition.

Preparation ofspecimens for microscopic examination
and culture

A faecal suspension for inoculation into culture
media is prepared in the following way. A portion
of the faeces is taken on a swab, which is touched
on to solid media for the isolation of E. coli, Sal-
monella and Shigella; the swab is then washed in
about 1 ml of sterile normal saline, is recharged
with faeces and is washed in fluid enrichment
medium suitable for the isolation of Salmonella and
Shigella.

Microscopic examination

A thorough microscopic examination of the
suspension of faeces in saline is made for the pre-
sence of parasites such as amoebae and Giardia
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lamblia. Pus cells and red blood cells must be noted
as both may be found in cases of salmonellosis and
shigellosis; they are rarely found in the faeces of
patients with gastro-enteritis due to E. coli.

Occasionally, as a result of treatment with broad-
spectrum antibiotics, a relapse of symptoms may
occur owing to superinfection with monilia or
staphylococci; these organisms will be seen in the
film of faeces. An early diagnosis of such a com-
plication makes the management of the case very
much simpler.
Culture of E. coli
The faeces are spotted on to MacConkey agar

or some other solid media designed for the isolation
of Escherichia, and, if available, on to blood agar
in addition. The material is spread by any technique
which will produce discrete colonies. Plates are
incubated at 37°C and examined the following
morning. On the MacConkey agar, colonies of
E. coli are rose-coloured owing to the action on
neutral red of the acid produced by the fermentation
of the lactose. The colonies, which are smooth and
shiny ,are about 2-4 mm in diameter. Differences in
colonial appearance should be noted (some may have
a dark red centre and a paler red edge or vice versa;
others may be dark red or pale red throughout) as
they denote differences in biochemical characteristics.
On blood-agar plates colonies of E. coli are semi-

opaque, colourless and shiny, and are about 2-4 mm
in diameter.
There is no reliable selective medium for differ-

entiating the specific pathogenic serotypes of E. coli
from the other strains of E. coli. A sorbitol agar has
been described (Rappaport & Henig, 1952), but it
has not been of use in general work (Yeivin, 1954)
although in a few epidemics due to sorbitol-non-
fermenting coliforms it has proved of some value.

SEROLOGICAL TESTS

Serological classification of E. coli
As already stated, the serological classification of

E. coli was made possible as a result of studies by
Kauffmann (1943), Knipschildt (1945a, 1945b),
Vahlne (1945) and 0rskov (1951), and later work by
others has resulted in the addition of a number of
new serotypes to the original scheme.
The classification is dependent on the identifica-

tion of the somatic (0), the surface (K) and the
flagellar (H) antigens; the 0 antigens determine the
type, the K and H antigens determine the subtype.
The 0 antigen is heat-stable and will withstand

heating in the autoclave; the H antigen is destroyed
by heat. Three varieties of K antigen have been
described: the heat-labile L antigen; the heat-
stable A antigen, which is associated with capsule
formation; and the B antigen, which is partially
altered by heat. For details of this classification,
the reader is referred to Kauffmann (1954).

Antigenic structure of enteropathogenic E. coli
The E. coli accepted as causing infantile diarrhoea

possess the B variety of surface antigen; no sharing
of the major surface or somatic antigens has been
described among these important serotypes (Ed-
wards & Ewing, 1955). Tatum et al. (1958) showed
that the surface antigen B : 7 was common to E. coli
0.86 and E. coli 0.20, but the latter serotype is of
doubtful etiological significance. Because the
somatic and surface antigens of the enteropathogenic
E. coli have been found to be so type-specific, the
authors suggest that in routine laboratory investiga-
tions, a positive slide agglutination test may be
accepted as indicating the identity of the surface
antigen and possibly of the somatic antigen, but the
identification of the latter should be confirmed by
tube agglutination. If the agglutination results are
difficult to interpret, it may be necessary to set up
tube agglutination tests with a living suspension, in
order to investigate the K antigen and, possibly, to
perform serum-absorption tests. The identification
of the H antigens is rarely necessary for routine
work, as it is rarely possible to obtain a result
quickly; nevertheless, the H antigens are of import-
ance in epidemiological investigations, and may be
identified if facilities are available for the carrying
out of additional tests. These examinations should
be carried out by workers experienced in serological
techniques, and therefore it may be necessary to
send such strains to special laboratories to establish
the identity of the K and the H antigens, the phage
and colicine types, and the phenylproprionic acid
and other biochemical reactions. National reference
laboratories exist in many countries and an Inter-
national Salmonella and Escherichia Centre has
been set up in Copenhagen, Denmark, under the
direction of Dr Kauffmann.

Preliminary identification of enteropathogenic E. coli

There are several methods of carrying out slide
agglutination. One described by Taylor (1956)
necessitates the use of a low-power dissecting micro-
scope. Separate drops of a polyvalent serum, which
will agglutinate many serotypes, are placed on seg-
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ments of a glass slide. Each colony to be examined
is picked up on a straight sterile wire and, whilst
being observed under the dissecting microscope, is
rubbed into the first of the serum drops. A positive
reaction occurs extremely rapidly; the clumped
particles are coarse and do not break up on vigorous
stirring. If agglutination occurs with the polyvalent
serum, the colony must be re-tested with the indivi-
dual sera which are included in the polyvalent serum.

In another method (Rogers et al., 1959), the
colony to be examined is suspended in a small drop
of normal saline on an ordinary 3 inch x 1 inch
microscope slide. The suspension is examined
under a bright light against a dark background and,
if no granularity appears, the even suspension is
run into a small loopful of the specific antiserum
placed alongside it on the slide. Again under the
light, the serum and suspension are continuously
mixed and true agglutination is shown by immediate
coarse clumping, which becomes stronger as mixing
is continued. If the suspension is even whilst the
mixing is in progress, but becomes granular when
the mixing is stopped, the granularity is not due to
specific agglutination but is probably due to auto-
precipitation.

Pathogenic serotypes of E. coli do not clump in
acriflavine, so another portion of the colony is
suspended in a small drop of acriflavine solution
on a slide. If clumping occurs the colony is partially
rough. Every colonial type in each specimen must
be tested by slide agglutination, but the total num-
ber of colonies examined will be governed by the
time available; most workers consider that at least
four colonies should be tested. It has been found
that very quick and reliable screening can be effected
by performing slide agglutinations with a sweep
from the confluent part of the growth (Rogers et al.,
1959). If positive agglutination is obtained, indi-
vidual colonies are examined to find one suitable
for subculturing for further confirmatory tests.

All strains which give a positive reaction to a
slide test should have their identity confirmed by
tube agglutination. The specific serum used for the
tube test should be that which has given a positive
reaction on the slide. It is necessary to confirm the
identity of the 0 antigen, the identity of the K antigen
being given by a positive slide test using the diag-
nostic OK serum.

Preparation of 0 suspension
The colony is inoculated into broth and incubated

at 37°C overnight (the broth culture may have grown

sufficiently after 4-6 hours' incubation). The
following morning, the broth culture is heated in a
water-bath of boiling water for half an hour. If
necessary, the broth is diluted with normal saline to
about 250 x 106 organisms per ml. The diagnostic
serum dilutions are prepared by a twofold dilution
method. Small test-tubes such as those used for the
Wassermann reaction are set up in a rack and dealt
with in the way indicated below:

Tube 1 2 3 4 5 6

add saline 0.9 ml 0.5 ml 0.5 ml 0.5 ml 0.5 ml 0.5 ml
add serum 0.1 ml

mix well
transfer to next

tube 0.5ml-0.5ml--a0.5ml-0.5ml-0.5ml dis-
(Serum dilu- card

tion: 1/10 1/20 1/40 1/80 1/160)
add 0 suspen-

sion 0.5 ml 0.5 ml 0.5 ml 0.5 ml 0.5 ml 0.5 ml
(Final serum Con-

dilution: 1/20 1/40 1/80 1/160 1/320 trol*)
* 0 suspension in saline.

The tubes are placed in a water-bath at 48-50°C
overnight and are read the following morning. The
saline control (tube 6) must show uniform turbidity
with no granules; if granules are present, the test
is useless.
The titre is taken as the last tube in which granular

particles are seen. For a positive result, the unknown
organism should show agglutination up to at least
one tube below the titre of the given diagnostic
serum; for example, if the titre of the diagnostic
serum is 1: 320, the suspension should be aggluti-
nated in at least tubes 1, 2, 3 and 4.

Commercially prepared diagnostic sera are usually
issued with a label on which the titre of the serum
is given.

Rapid tube agglutination
A rapid tube agglutination test may be set up,

but some experience is needed in the reading of the
results (Rogers et al., 1959). The procedure is as
follows: Agglutination is carried out in round-
bottomed 2 inch x 1/4 inch test-tubes. The tubes are
placed in a water-bath at 50°C, a control tube, in
which the antiserum is replaced by normal saline,
being incubated at the same time. After 15 minutes'
incubation the tubes are removed and numbered;
they are then centrifuged for 1-2 minutes at about
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1000 revolutions per minute. After centrifuging, the
tubes are replaced in the rack and each tube is rotated
rapidly within the rack by means of a series of strok-
ing movements made with the index finger on the
side of the tube. The mixing is continued until the
organisms in the control tube have formed an even
suspension. If specific agglutination has taken place,
the aggregates can then be seen as coarse clumps.

Other tests
For general routine work it may be accepted that

positive slide agglutination indicates the identity
of the K antigen. In routine investigations, it is not
necessary to identify the H antigens or to determine
the biochemical reactions of the serotypes isolated.
In epidemiological investigations, however, identi-
fication of the H antigens is of importance (it should
be mentioned here that diagnostic sera for this
purpose are not available from commercial sources)
and data on the biochemical reactions may be of
value.

If possible, tests of sensitivity to antibiotics and
sulfonamides should be performed on every sero-
type isolated, as the information will be valuable in
respect of the choice of treatment for the patient
and chemoprophylaxis for the contacts.

Specific agglutinating antisera
Diagnostic sera for the identification of serotypes

of E. coli which cause infantile gastro-enteritis may
be obtained from certain reliable sources, such as
national reference laboratories. A laboratory would
be well advised to obtain a range of such sera, which
can be used to check any sera which are prepared
locally. Sera obtained from such sources will have
been tested and shown to be free from certain non-
specific agglutinins.

It is customary to use a pooled OB serum which
will agglutinate the pathogenic serotypes most
commonly found in each country. The separate

specific sera are used for both slide and tube aggluti-
nation tests for the identification of the serotype.

Cultures that are used for the preparation of
reference sera should be obtained either from a
recognized centre or from one of the type culture
collections; non-motile strains should be used. The
organisms must be plated and, to guard against
possible antigenic variation, about five smooth
colonies inoculated into a single tube of peptone
water. The peptone water is incubated until growth
is obvious. By means of a Pasteur pipette, four
drops of culture are placed in the centre of a.plate
containing 0.1 % glucose nutrient agar. The inocu-
lum is spread evenly over the entire plate, which is
incubated at 37°C overnight. The following morn-
ing, the serotype must be checked by slide agglutina-
tion. The growth, if non-motile, is suspended in
0.25% formalin in normal saline, to a density of
1000 x 106 organisms per ml. Sufficiently accurate
results are obtained by using the opacity method for
estimating the number of organisms. If it is necessary
to use a motile strain the growth from the glucose-
agar plate is harvested in about 2 ml of sterile normal
saline, to which is added at least 10 ml of ethanol,
and the mixture is shaken well and centrifuged. The
deposit is washed in sterile normal saline, and then
suspended in 0.25% formalin in normal saline to a
density of about 1000 x 106. A rabbit is immunized
by giving intravenous injections of the suspension
at 48-hour intervals. The recommended dosage is
0.1 ml, 0.2 ml, 0.4 ml, 0.8 ml, and 1.5 ml. On the
fifth and seventh days after the final inoculation the
rabbit is bled from the ear, and on the ninth day
after the last inoculation it is bled to death. The
serum from the three bleedings is pooled and a pre-
servative, thiomersal (sodium ethyl mercurithiosal-
icylate), added to give a concentration of 1: 10 000
in the serum, which should have an 0 titre of about
1: 4000. The method of titrating the serum has been
described earlier (see page opposite).

MEDIA AND REAGENTS FOR CULTURE AND BIOCHEMICAL TESTS

E. coli have been defined (International Associa-
tion of Microbiologists, 1958) as motile or non-
motile rods conforming to the definition of Entero-
bacteriaceae. The typical biochemical reactions are
as follows: Glucose is rapidly fermented with the
production of acid and gas; maltose and mannitol
are fermented. Lactose is fermented by the vast

majority of strains. The following sugars may be
fermented; dulcitol, salicin, sucrose, raffinose,
sorbitol, xylose, trehalose and rhamnose. Adonitol
and inositol are not fermented. Indole is produced;
gelatin is not liquefied, urea is not decomposed, and
hydrogen sulfide is not produced. The Voges-
Proskauer reaction is negative; the methyl red
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reaction is positive. Ammonium citrate is not
utilized; the potassium cyanide, malonate and
phenylalanine tests are negative.
Methods for the preparation of the media and

reagents necessary for the isolation of E. coli and
for carrying out the tests mentioned above are
described below. It should be mentioned, however,
that already prepared, dehydrated media, which are
reliable, easy to use and, in the powdered state, may
be kept for long periods, are obtainable.'
The media suggested here have been used by the

authors and found to be satisfactory, but many other
satisfactory media have been described.

CULTURE AND TRANSPORT MEDIA

MacConkey agar
Peptone 200 g
Sodium chloride (AR2) 100 g
Sodium taurocholate 100 g
Tap water 20 000 ml

Heat the tap water to 90-100°C and then gradually
add the peptone, sodium chloride and sodium
taurocholate. When dissolved, adjust the reaction
to 8.0, boil for 20 minutes to precipitate the phos-
phates, cool and filter through paper (Green's 9041/2).
Measure the filtrate and add powdered agar to a

concentration of 1.1% (e.g., 220 g to 20 000 ml).
Steam for 20-30 minutes, stirring frequently to
ensure solution, and then filter through lint and
cellulose wool.
Check the reaction, adjust to pH 7.4 and add (a)

a 1% aqueous solution of neutral red to a con-
centration of 0.5-0.8% (e.g., 100-180 ml to 20000
mI)3 and (b) lactose to a concentration of 1% (e.g.,
200 g to 20 000 ml).
Mix thoroughly, distribute in 20-oz. medical flat

bottles and autoclave at a pressure of 10 pounds
per square inch (p.s.i.)' for 15 minutes.

Colonies of E. coli are dome-shaped, shiny, semi-
opaque, and a pale or dark red colour; they may be a
darker red in the centre than at the edge, or vice versa.
Differences in colonial appearance denote differences
in biotype and serotype.

I For example, from Baltimore Biological Laboratories
Inc., Baltimore, Md., USA; Difco Laboratories, Detroit,
Mich., USA; Oxoid Division, Oxo Limited, London, England.

2 AR = analytical reagent quality.
3 The exact quantity of 1% neutral red solution required

depends on the desired depth of colour preferred in the
laboratory. All batches of this medium must be tested with
type organisms.

1 I fluid ounce c7 28 ml.
51 p.s.i. C.? 0.07 atm.

Stuart's transport medium (Cooper, 1957; Stuart et
al., 1954).6
Preparation. Dissolve 6 g of Bacto or Davis agar

in 1900 ml of distilled water. Add 2 ml of thiogly-
collic acid, adjust the reaction to approximately
pH 7.2 with N sodium hydroxide and add 100 ml
of an aqueous solution of sodium glycerophosphate
(20% w/v) and 20 ml of an aqueous solution of
calcium chloride (1 % w/v). Adjust to pH 7.4 with
N hydrochloric acid and add 4 ml of a 1 % solution
of methylene blue in water. Dispense into 1/4-oz.
screw-capped bottles, filling to capacity. Sterilize
in flowing steam for one hour and then screw caps
down tightly. The above quantities make sufficient
medium to fill approximately 300 bottles.

Swabs. Good quality, absorbent cotton-wool and
swab sticks are used. Prepared swabs are boiled in
Sorensen's phosphate buffer solution, pH 7.4, and
immediately dipped in a I % suspension of finely
powdered charcoal in water. The following pre-
parations have been used successfully: "activated
charcoal " (BDH 7), " animal charcoal" (Cenco),
" blood charcoal " (BDH) and " Norit ". The
swabs are then placed in cotton-wool-plugged test-
tubes, dried, and sterilized.

Clinical outfit. This consists of one bottle of
medium and one sterile swab.

Procedure. Faecal material is taken on the swab,
which is then plunged into the upper third of the
medium in the bottle. The surplus end of the swab
stick is cut off and discarded, the cap of the bottle
is replaced and screwed down tightly, and the bottle
is labelled and dispatched to the laboratory. The
swab is plated in the usual way, on the appropriate
culture medium.

BIOCIIEMICAL TESTS

Fermentation reactions

Peptone water plus Andrade's indicator:
(a) Andrade's indicator:

Fuchsin (acid) 10 g
Distilled water 2 000 ml

Weigh out 10 g of acid fuchsin, place in a 3-litre flask,
add 2000 ml of distilled water and mix thoroughly. The
dye should readily go into solution.

' This medium was designed for the isolation of gonococci,
but has been found valuable for the isolation of other orga-
nisms.

7 British Drug Houses Limited, London, England.
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Add 200 ml of N sodium hydroxide solution, mix and
allow to stand at room temperature for 24 hours, shaking
the flask frequently to aerate the solution. After standing
for 24 hours, the colour should have changed from red to
a reddish brown. If the solution is still red in colour, add
another 20 ml of N sodium hydroxide, mix thoroughly,
and again leave for 24 hours. Subsequent additions of
sodium hydroxide may have to be made. The ultimate
colour desired is a straw yellow and the aim is to attain
this tint with the minimum of alkali.
Determine the pH of the above indicator solution, add

1 %° of the solution to peptone water of pH 7.2, mix
thoroughly and again ascertain the pH. Note the rise in
pH due to the alkalinity of the indicator and label
accordingly. Should the increase in pH be 0.2, for
example, then all batches of medium to which this
particular batch of Andrade indicator is to be added must
have an initial pH value 0.2 lower than the desired final
value.

(b) Peptone water:

Peptone
Sodium chloride (AR)
Tap water

200 g
100 g

20 000 ml

Measure the tap water into a suitable receptacle and
heat to boiling point. Add the peptone and sodium
chloride, mix thoroughly and, when dissolved, adjust the
reaction to pH 8.0.

Boil for 20 minutes and then filter through paper
(Green's 9041/2). Adjust the reaction to pH 6.6-6.8.
The exact pH required depends on the reaction of the
particular batch of Andrade indicator which is to be
used and should be determined by adjusting the reaction
of a 100-ml quantity to pH 6.8, adding 1 ml of Andrade
indicator, and checking the final reaction. The finished
medium must have a pH of 7.5.

When the pH of the peptone water has been
adjusted to the correct value, add 1% of Andrade
indicator, distribute in 475-ml quantities and auto-
clave at 10 p.s.i. for 20 minutes.

Sugar solutions. Make up 10% solutions of the
various sugars required in sterile distilled water,
distribute 25-ml quantities in sterile containers, and
steam for 30 minutes.

Peptone-water/sugar media:
Peptone water plus
Andrade's indicator
(sterile) 475 ml

10% solution of the
required sugar 25 ml

This will give a final sugar concentration of 0.5%.
Mix thoroughly the basal medium and sugar solu-
tion, and then fit to the bottle a sterile siphon.

Siphon into sterile tubes, appropriately plugged
and containing Durham tubes, quantities of approxi-
mately 5 ml. Place all the tubes in the autoclave
and submit to free steam for 20 minutes. At the
end of this time, cool a few of the tubes and, if all
the air has not been driven off, steam for another
20 minutes. Incubate all tubes to test for sterility.

Test procedure. Inoculate the requisite sugar
media with a pure culture of the test organism.
Incubate and read on the following day, and for as
long thereafter as necessary up to a maximum of
21 days. The presence of gas shows as a bubble in
the inner tube; acid is shown by a red colour. After
prolonged incubation the dye may deteriorate, in
which case the red colour disappears.

Indole test

Peptone water:
Peptone
Sodium chloride (AR)
Tap water

200 g
100 g

20 000 ml

Measure the tap water into a boiling-pan and heat
to boiling point. Add the peptone and sodium
chloride, mix thoroughly and, when dissolved, adjust
the reaction to pH 8.0.

Boil for 20 minutes and then filter through paper
(Green's 9041/2). Adjust the reaction to pH 7.6,
distribute in 500-ml quantities and autoclave at
10 p.s.i. for 20 minutes.
Tube, and re-sterilize as required.

F,hrlich's rosindole reagent:
p-Dimethylamino-

benzaldehyde
Absolute ethanol
Pure hydrochloric acid

4 g
380 ml
80 ml

Store in a glass-stoppered bottle.
Test procedure. Grow the test organism in 4-5 ml

of peptone water for 1-2 days. Add about 1 ml
of ether, shake, and then add about 1 ml of Ehrlich's
reagent; a rose colour develops in the ether layer in
the presence of indole.

Liquefaction of gelatin
Nutrient broth (Hedley Wright):

Ox heart (freed of excess
fat and finely minced) 25 000 g

Peptone 500 g
Sodium chloride (AR) 250 g
Water 50 000 ml

To the 50 litres of water in a boiling-pan add the
required quantities of ox heart, peptone and sodium

67



68 K. B. ROGERS & J. TAYLOR

chloride. Mix thoroughly and heat to 68°C for
20 minutes. Bring to the boil and maintain at
100°C for 30 minutes, stirring frequently.
Allow to settle for 5-10 minutes and then filter

through paper (Green's 9041/2); during the final
stages of the filtration the boiling-pan must be
thoroughly cleaned.

Return the filtrate to the clean boiling-pan and,
using ION sodium hydroxide, adjust the reaction to
pH 8.4. Bring to the boil and continue boiling for
20 minutes to precipitate the phosphates.
At this stage 1 proceed according to either (a)

or (b) below.

(a) Prepare a stock broth as follows: Transfer the
broth containing the precipitated phosphates from
the boiling-pan to one-gallon 2 sterile screw-capped
bottles, and cap. When cool, add 0.25% chloroform
to each bottle, shake thoroughly, and store in a cool
dark cupboard until required for use. When re-
quired, proceed according to (b).

(b) Filter through paper (Green's 9041/2), adjust
the reaction to pH 7.6, distribute in tubes or flasks,
according to requirements, and autoclave at 10 p.s.i.
for 20 minutes.

Nutrient gelatin:
Nutrient broth (stock broth,
pH 7.8-8.0, see paragraph (a) above) 1 000 ml

Gelatin (sheet) 120 g

Heat the broth to a temperature of 60-70°C, cut
the gelatin sheet into strips and add gradually to
the warm broth. Shake frequently and then steam
at 100°C for 10-15 minutes. Check the reaction and,
if necessary, adjust to pH 7.6.

Cool to 50°C, add the white of one egg (50 ml of
sterile horse serum may be used instead of egg white),
mix very thoroughly, and steam at 100°C for 15
minutes.
At the end of this period of steaming, the egg

albumin (or horse serum) should be coagulated and
the gelatin solution quite clear. Filter, while still hot,
through paper pulp, using a Buchner funnel. This
avoids the necessity of filtration in the steamer and
excessive heating of the medium.

Adjust the reaction to pH 7.5, tube or distribute
in 10-ml quantities as stabs, and steam at 100°C
for 20 minutes on each of three successive days.

1 From this stage onwards, it is essential that no alkali be
added to the medium.

2 1 Imperial gallon c 4.5 litres.

NOTE. (I) Excessive heating of this medium must be
avoided.
(2) The reaction of pH 7.6 prior to clearing is
important, because marked variation either on the
acid or on the alkaline side is detrimental to the
clearing process.

Test procedure. Make a stab inoculation into the
nutrient gelatin with a straight wire. Incubate at
37°C or 22°C. To check for liquefaction, place the
tube in a refrigerator at about 2°C for half an hour
and then bring back to room temperature, provided
that this is below 30°C. Checks should be made at
intervals for 28 days.

Urease test
Urea medium (Christensen, 1946):
(a) Agar medium:

Peptone (" Difco" Bacto) 1.0 g
Sodium chloride (AR) 5.0 g
Potassium dihydrogen

phosphate (KH2PO4) 2.0 g
Agar powder 12.0 g
Distilled water 1 000 ml

Heat the distilled water to 90°C and then add the solids.
Steam at 100°C until dissolved, filter through lint, and
add to 1000 ml:

Glucose 1.0 g
Phenol red (0.4% solution

in 50% ethanol) 3.0 ml
Adjust the reaction to pH 6.8-7.0, distribute 2-mI

quantities in 4 inch x ½/2 inch tubes and autoclave at
10 p.s.i. for 15 minutes.
NoTE. If the medium is to be kept as stock, omit the
phenol red and add it as a sterile solution immediately
before tubing.

(b) Urea solution. Dissolve 20 g of urea in 60-70 ml of
distilled water and make up the volume to 100 ml. Filter
through a Seitz EK pad and transfer the filtrate to a
sterile bottle.

Melt the agar medium (a) and cool to 50°C; then,
using a sterile 1-mI pipette, add 0.2 ml of the urea
solution (b) to each tube (this will give a final con-
centration of approximately 2% urea). Mix thor-
oughly by rolling the tube between the hands and
then make slopes with a large butt.

Test procedure. Inoculate slope and incubate at
37°C. A positive reaction is shown by the medium
becoming bright red.

Hydrogen sulfide test

Lead acetate filter-paper. Impregnate sheets of
filter-paper with saturated lead acetate solution.
Leave at room temperature to dry and then cut into



LABORATORY DIAGNOSIS OF GASTRO-ENTERITIS DUE TO ESCHERICHIA COLI 69

strips. Fill wide-necked screw-capped bottles with
the impregnated strips. Autoclave at 10 p.s.i. for
10 minutes, dry by putting the autoclave on to
vacuum and then screw down caps.

Test procedure. Grow the test organism in 2%7
peptone water1 above which a strip of lead acetate
filter-paper is suspended by means of a plug. The
lower end of the paper should be about 1 cm above
the level of the fluid. Incubate at 37°C. Blackening
of the filter-paper indicates that hydrogen sulfide
has been produced.

NOTE. It is possible to test for indole production at the
same time by using a filter-paper strip impregnated with
Ehrlich's reagent. This paper must be placed on the
opposite side of the tube and must not touch the lead
acetate paper. The procedure is as follows: Dissolve 5 g
of p-dimethylaminobenzaldehyde in 50 ml of methanol
and 10 ml of 0-phosphoric acid and drop the solution on
to a strip of filter-paper. Do not immerse the strip in the
solution. Dry at 70°C for the shortest possible period.
The paper turns red in the presence of indole.

Voges-Proskauer (acetylmethylcarbinol) test

Glucose phosphate medium:
Peptone 25 g
Dipotassium hydrogen

phosphate (K,HPO4)
(anhydrous, AR) 25 g

Distilled water 5 000 ml

Heat the water to 100°C and then add the peptone
and phosphate. When dissolved, adjust the reaction
to pH 7.6, boil for 10 minutes and, if necessary,
filter through paper (Green's 9041/2). Distribute in
250 ml quantities and autoclave at 10 p.s.i. for
10 minutes.
Before use, check the reaction, which should be

pH 7.4-7.5, add 0.5% of glucose (1.25 g to every
250 ml), mix thoroughly and distribute in 5-ml quan-
tities. Autoclave at 10 p.s.i. for 10 minutes and
incubate to test for sterility.

NoTE. In the autoclave the tubes should be placed in a
container with a solid bottom to protect them from con-
tact with the boiling water. If this is not done, the medium
turns a straw-yellow colour.

Voges-Proskauer reagent. 40% sodium hydroxide
plus 0.3% creatine in distilled water.

Test procedure. Inoculate the glucose phosphate
medium and incubate, preferably at 30°C for 5 days,
but alternatively at 37°C for 2 days. Add 5 ml of

1 This medium is prepared as described on page 67 but
contains twice the amount of peptone.

Voges-Proskauer reagent and shake for a minimum
of 2 minutes. A pink colour indicates a positive
reaction; it may take up to 24 hours to develop.

Methyl red reaction
Glucose phosphate medium. Prepare as described

above.

Methyl red reagent:
Methyl red 0.1 g
Ethanol (95%) 300 ml
Distilled water to make 500 ml

Dissolve the methyl red in the ethanol and add
sufficient distilled water to make 500 ml. Store in a
glass-stoppered bottle.

Test procedure. Inoculate the glucose phosphate
medium and incubate, preferably at 30°C for 5 days,
but alternatively at 37°C for 2 days. Add 5 drops
of methyl red reagent. A pink colour indicates a
positive reaction.

Ammonium citrate test
Ammonium citrate agar:
(a) Bromothymol blue indicator. Dissolve 1.0 g of

bromothymol blue in 200 ml of distilled water by steaming
and then make the volume up to 500 ml by adding
distilled water.

(b) Agar. Cut 20 g of shredded agar into small pieces
and wash in: (i) tap water for 24 hours; (ii) distilled
water (change frequently) for 48 hours.

(c) Salt solution:
Sodium chloride 5 g
Magnesium sulfate
(MgSO4, 7H2O) 0.2 g

Ammonium dihydrogen
phosphate (NH4H2PO4) 1.0 g

Dipotassium hydrogen
phosphate (K2HPO4) 1.0 g

Distilled water 1 000 ml

Liquefy the agar by steaming in the salt solution.
Adjust the pH to 7.4, using phenol red as indicator
(usually about 1.5 ml of 5N sodium hydroxide per
litre are required). Make up the volume to 1.05
litres, filter through cotton-wool (using vacuum),
and add 40 ml of the bromothymol blue solution.
Distribute in 250-ml bottles, autoclave at 120°C for
20 minutes, adjust the pH to 7.0-7.2, and store.

Before use, melt, cool to 50°C, and add sterile
glucose to a concentration of 0.5 %.
Tube aseptically, steam for no longer than

10 minutes, and slope. The medium is green.
NOTE. Chemically clean glassware must be used.
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Test procedure. Inoculate slope and incubate at
37°C. Inspect after 24 and 48 hours. A blue
colour accompanied by growth indicates a positive
reaction.

Potassium cyanide test

Moller's KCN mediunm (modified by Taylor):

Base:
Peptone (Evans)
Sodium chloride
Potassium dihydrogen
phosphate (KH2PO4)

Disodium hydrogen
phosphate
(Na2HPO4, 2H20)

Distilled water

3 g
5 g

0.225 g

5.64 g
1 000 ml

Add the ingredients to the distilled water, steam at
100°C for about 20 minutes, filter, and adjust the pH
to 7.6. Distribute in 100-ml quantities and autoclave at
10 p.s.i. for 10 minutes.

To 100 ml of the base add 1.5 ml of a freshly
prepared 0.50% solution of potassium cyanide in
sterile distilled water. Distribute in 1-ml quantities
in sterile Bijou bottles and store at 4°C.

NoTE. After the potassium cyanide has been added, the
medium is only reliable for 4 weeks.

Test procedure. Inoculate the KCN medium with
a loopful of an overnight broth culture and incubate
at 37°C. Read daily for 2 days. If growth occurs,
the reaction is positive.

NOTE. This test is accurate only if the cap of the bottle
is screwed down tightly so that no air exchange is
possible.

Malonate and phenylalanine tests (Shaw & Clarke,
1955)

Bromothymol blue indicator. 0.50% (w/v) ethanolic
bromothymol blue.

Medium:
Ammonium sulfate

((NH4)2SO4)
Dipotassium hydrogen
phosphate (K2HPO4)

Potassium dihydrogen
phosphate (KH2PO4)

Sodium chloride
Sodium malonate
DL-Phenylalanine
Yeastrel
Distilled water

2.0 g

0.6 g

0.4 g
2.0 g
3.0 g
2.0 g
1.0 g

I 000 ml

Add the ingredients to the distilled water, steam
at 100°C for about 5 minutes, and filter through
paper (Green's 9041/2). Add 5 ml of bromothymcl
blue indicator. Distribute in 100-ml quantities and
autoclave at 10 p.s.i. for 10 minutes.

Before use, distribute aseptically in 1.5-ml quan-
tities in small, sterile, chemically clean test-tubes
and steam for 30 minutes. The medium is green.

Malonate test. Inoculate the medium and incu-
bate at 37°C for about 24 hours. If the colour
changes to blue, the organism is malonate-positive; if
it remains green, the organism is malonate-negative.

Phenylalanine test. To the above culture, add
three or more drops of N/10 hydrochloric acid
until the colour changes to yellow and then add
three drops of 10% ferric chloride. A green colour
indicates that the test is posit:ve (this colour fades
within half an hour).
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