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THE - CLASSIFICATION of ORGANISMS belonglng to the ~_ .
GROUPS, ESCHERICHTIA .and AEROBACTER, based upon 7 -
the BIOLOGY of the TYPES met with in MILK and -
FAECES of CATTLE: with OBSERVATTIONS on the FRE-
QUENCY of the TYPES of COLIFORM ORGANISMS occurr-
ing in BOVINE FAECES and on the FACTORS which are
responsible for the ENRICHMENT of ABROGENES-CLOACAE
FORMS 1n MILK.

by

JAMES F. MALCOIM, M.Sc. (London), Ph.D. (Glasgow)

Thls investigation is a continuation of that
entitled "The Bacterial Contaminants of Milk and - =
the Value of the various Methods for determining

their Presence", for which the Degres of Ph.D. was
awarded In 1833. It represents entirely new work,
except for minor parts of Sectlion IV.
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SECTION I
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' GENERAL REVIEW

»Thé coliform bacteria comprise a large and
Important group of organisms which normally live as
saprophytes but under certain conditions are pathogenic
In character. Thelr existence was first demonstrated
in 1885 by Escherich; hé lsolated from the intestines

of Infants a bacteriwm which he termed B. coli communisz.

‘Thils orgenism was found to be & normal commensal in the

intestines of man and animals. The fact that 1t was very

similar in its morphological and biological characterg

- to the typhoid bacillus, first described by Eberth in

1880-81 and 1solated by Gaffky in 1884, necessitated fh@
development of methods whereby the two organisms -.the |
one a normal commensal, the other the_cause of an acute
Iinfectlion - could be differentiated from one another.

In the years which followed, thlis led to a considerable
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amount of research work whereby much informaetion was ob-
tained with regard to the blologlcal characters of these
organisms and their abllity to grow in varlous selective
medla. At the same time other orgenisms were found to‘
occuﬁ‘iﬁ«phe;intaatinesgaﬁdfthe feeces in the case of\ﬁari-
ous inteéﬁinai infections. Thus-the‘B. sulpestifer was. |
shown to be aﬁsociated with swine fever, by Salmon and Smlt
in 1886 B.'entaritidis with a form of "food poisoning", by
Gaertner in 1888; B. gallinarum wlth fowl typhoid, byxﬂléif
in 1889; B, paratyphosus 8 and B with paratyphold fever, by
Achard and Bensaude in 1896, Gwyn in 1898 and Schottmuller
in 1900; B. dysenteriae Shiga and B. dysenterise Plexner,f:
with dysentery, by Shiga in 1898 and Flexner in 1900 More«
ocver the colliform commensals occurring in the bowels were
found to be of more than one type. Escherich.not only .ﬂgi
discovered B. coli communis but also B. (1actis)'aerogéﬁégg
He noted certain differences between these organismsgwf f£i
Jorden in 1890 isolated B. closcae from sewage. ﬁruSé{»i j
(1894 ), Dyar and Keith (1894), Smith (1895), Refik (1896),;
Gordon (1897), Grimbert and Legros (1900), Durham (1900- w 
1¢01), Ford (1901), Houston (1902-1903, 1908), Jbrdan (1903
%é@vage (1906) and othars,‘selecting a number of differ-~ “f
entisl features, recognised various types of coliform ’

bacterie. In Durham's scheme of classification,'1actose~ff
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fermenting organisms were divided into three groups, théff
prototypes of“which were B. coli communis, B. coli com-

munlor and B. (lactis) aerogenes. Durham noted that B.

friedlhderi was closely relaﬁed to B. (lactis) aerogeneé;
and included it in the same group. By the use of a ﬁuch"
larger number of differential criteris Me.cConkey (1905, i
1909), Bergey and Deehan (1908), Jackson (1911) end others
were abls‘to‘mékbjﬁora comprehensive classifications, and-
show thaﬁgﬁhs‘qoliform grodp.coﬁsiéﬁed of a very largé; Fh
serles of‘ciosely rélaﬁed types. )

In conjunction wilth this systematic study of .

coliform bacteria, investigations were being made to de-f;
termine the Incldence of the organisms In the humen and_$ﬂ
animal body and elsewhere. The fact wés soon establishéd;
that they are normal commensals in therhuman and animaluit

intestine and are practically always presént in faeces;a7f

- They were also found by Kruse (1894), MacConkey (1905

1909 ) and others to occur to a limited extent in soil and?
water and on vegetation and cereal grains, the numbars;ﬁlJ

present in natural environments4being much greater ﬁhépq;f

there had been recent conteamination with sewage or'aﬁi@éif

excrements. The Importance of these findings in rélatiqﬁ'
to the examination of water supplies for purity was_earIy 

recognised by Public Health Authoritles. The fact that .
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the causative organisms of a number of important 1nfectioué‘
dlsgases may occur in the faeces of individuals suffering
from these diseases or of "carriers", and that such orgen-
isms may persist for a considerable time in a natural;eh—
vironment, showed that water contaminated with sewage may
be responslble for the spreed of these Infections. If
such waﬁer~i$ used for drinking purposes, it is at all
times a potentlsl source of Infection. Accordihgly in the
bacterlologlcal examination of water supplies a test was
required which would indicate not necessarily the actﬁél
presence of the pathogens but the occurrence of faecal
contamiﬁafidnf'"As_coliform bactéria had been found to
oceur in practicallyvalltspecimens of faeces but only to
a limited extent in natural waters relatively free from
fascal pollution, the absence of such organlisms from givendi
quantities of the water was recognised to be a valuable
index of its purity, and consequently the "eollform test"
was Introduced in water analysils (Smlth 1893 a,b, and 1895;
Klein and Houston 18987-1898; Clark 1898, 1899; Houston 1889.
1900, 1900-1901, 1901-1902; Fuller 1899; Irons 1900, 1902;
Pakes 1900; Chick and Boyce 1900, 1901;—Jordan 1901 ; Hore:
rocks 1901, 1903; Makgill 1901; Savege 1901, 1902, 1906).
When as a result of the systematic work of the

earller Investlgators, it was recognised that there were
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many different types of coliform baétsria, the.environﬁenté
al origin of the various types formed the Subject of'in;€ ;
vast;gations by numerous workers, of whom the followingl
are the most important: MacConkey (1905, 1906 and 1909);?;
Winslow and Walker (1907), Ferriera, Horta and Paredes“ Mff
(1908), Clemesha (1912), Rogers, Clark and Evens (1914, w“
1915 and 1916), Lavine (1916 &, b, ¢, d, o, 1918, 1921),
Greenfield (1916), Hulton (1916) Johnson (1916), Rogera Qf
(1916 and 1918), Murray (1916), Burton and Rettger (1917)
Hunter (1917), Johnson and Levine (191?), Rogers, Clark ;
and Lubs (1918), Winslow and Cohen (1918), Wood (1919-1920)
Winslow, Kligler and Rothberg (1919), Chen and Rettger
(1920), Mackie (1921), Perry and Montfort (1921), Redman
(1922), Koser (1924), Levine and Llnton (1924), Bardsley;;;
(1926 and 1934), Jordan (1926), Tonney and Noble (1950) ,
Ruchhoft, Kellas, Chinn and Coulter (1951), Kon (1955); Sy
Burke~Gaffney (1932, 1933) and others. AThe results of (
these investlgationz showed that the B. colt, othsrwiseL;:;
called "typical® B. coll (see Mulr and Ritchie, 1937), éféf
? ~ the prevaient types in human and animal faeces, but 1n'55;€
sence of recent faecal contamination they do not occur‘tb* 

any extent in water and soil and on vegetation and cereal

grains. The other coliform types, e.g., B. asrogenes, ;:'

B. cloacae, etc,, (hereafter referred to as serogenes-




“6-

cloacae ) were in most instences found to be seldom present
in faeces but frequently in the soll and water and on
vegetation, ensilage and cereal grains. The fact that |
such bacteria could be found in soils and in water supplié;
where 1t was claimed there was little or no possibility
of faecal contamination, gave rise to the widely accepted
view that these orgenisms are not normal commensals'in :
the intestine but are saprophytes occurring naturally inu 5
soll end water and on vegetation and that therefore their
presence Iin a water supply‘does not necessarily Indicate .
sewage pollution. Consequently, doubts were raized as
to the value of the coliform test in the bacteriological
| anaiysis of water, the view béing held that water supplieé'
giving-positive coliform tests were not necessarily faecal_
coﬁtamiﬁated unless the typical B. coll were‘found to be
présént.”'ThMS'With specinens giving positive coliform
tests the practice was adopted of determining the various
types of éoliform organisms present. -
On the other hand, according to the results of
coertaln Investigators aerogenes-cloaceae types are common-
1y present in faeces. Thus MacConkey (1905 and 1909)
lsolated his strains of no.65 (B. oxytocus) and no.l03
(B.(lactis) serogenes) most frequently from humsen faeces:

and In only a few cases from s0ll and cheese. He failled
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to find any in animal faeces and on grains} Rogers;f
Clark and Evans (1914) rarely found aerogenaSAtypes in _
bovine faeces, but Rogers, Clark and Lubs (1918) freqﬁéﬁtﬁf
1ly obtained them in human faeces. Of 175 strains;‘wﬁiCh '
they 1solated from humen faeces after preliminary'ehriéh-ﬁ
ment in milk at-BOOC., forty-slx were amerogenes types..
Moreover Crulckshenk and Cruickshank (1931) and Hay (195?)
showed by enrlclment methods that aerogenes-cloacae tybesﬁg
wore present in small numbers ln most speclimens of noﬁmal i
human faeces. Thus 1t would appear from the findingé’of',~
these workers that such organisms are of common 606urrenge
88 commensals in the intestine and that their presenéé;:H"
in water supplies may well be due to faecal contaminafibn,
They‘ére, however, more resistant in natursl watefs then
the B. coll types (Clemesha 1912, Rogers 1918, Winslow
and coheniéw Gray 519:3"2 Bﬁrke-(}affney 1933, Platt
1935,) and thelr presence 1n such- water in absence of .
typical B. coll, signifies that faeceal cantaminaticn has’
probably occurred, either direcfly or Indirectly, but not ;
at a recent date. On the other hand the presence of |
large numbers of the typical B. coll in water is ‘eviderice,
of recent sewage pollution. |

The employment of the collform test ln water

analysis was largely responsible for 1ts adoption as.an=
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indicator of excessive contemination ofumilk. The f&@tﬁ(;&
that various Important infectious diseasés may{bQLSPreadgi;

by milk was early recognlsed by public health WOfkérs,iu

It was also reallsed that if care 1s taken In fhe pro—ff__f
duction and treatment oI’milk there 1is less risk of 1ts &
being contaminated not only with pathoganic organlsms, .
but also»with the bacteria ocecurring 1in bovine faecas, 1
byre dust, etc. Park (1901 ), von Freudenreich (1902,“196$f
and 1904), Bure (1902), von Freudenreich and Thohi?(’mosf)’
Lux (1904), Willem and Miele (1905) and others, had founda
that milk drawn under4clean conditicns directly frmm the
udder into sterile bottles’ contained comparatively few |
'bacteria.f Von Freudenreich (1902, 1903 and 1904), Burr'g
(1902), Conn (1908), von Freudenreich and Thoni (1905)
Harr-ison (1905), Hoinemann (1905), Houston (1805), MacCon‘ ﬂ;
(1906). and others,‘showed that under such conditions . colifé;
bacteria are generally absent from milk, but that they fr  K
quently gain accass to 1t from extraneous gources after i‘fi
drawn, especially if there has been excessive eontamination
Various workers - Park (1901), Nicolle and Petit (1905);;
. Conn andhEsten (1904), Koning (1905), Hﬂrrison (1905),‘_:
ﬁouston (1905), etc., - had also found that there was

1ittle or no multiplication of bacteria, inéludingvcoliéﬁ‘°f




-9 -

form types, in milk which is rapidly cooled and held atk
temperatunee below 10 or 11°C. Accordingly the incid-gﬁié
‘ence of colifovm organiasms, as determined by the coli-
form test, in milk which had been rapidly cooled and held;
at low temperatures, was wldely accepted as an index ofvlf
the extent of its contaminafion with extraneous bacterie;i
especially those from faecal sources,‘and consequently o
where doubts arose as to the "purity" of the milk, i. o4,
freedom f?om excessive contamination or from tailnts, the:

colifbrm test was very frequently carried out. Hbustonpfl
(1905) recognised the great value of this test, along
with certein other teste, for the' grading of cooled milk:;
according to its relative freedom from contamination. .He&
‘suggested certain standards for his nine different j
"elaeses of milk" - no coliform bacteria in 100 c.c.
(Firsf Class); rione in 10 c.c. (Second Class); none in *?
1 c.c. (Third Class), etc. In 1923 the coliform test weeﬁ:
edopted by the Ministry of Health for England and thefDemwf
partment of Health for Scotland as one of the tests for}fi
the gradiﬁg of milk. Thus according to the Milk (Speci@I@l
Designations) Order, 1923, milk of the "Certified" gradeii
must not contain coliform bacteria in 1/10 ml., and milkf?
“of "Grade A (Tuberculin Tested)" and "Grade A" standandeJ?

must not contain coliform bacteria in 1/100 ml. These
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standards have been retained for the corresponding gra&és;
of milk under the terms of the Milk (Speclal Designatiopéj
Order, 1936.
The coliform test, as carried out for statutor#fi
purposes by Public Health Authorities, consisbts merely ;‘?
in the detesction of'the presence orshsence of coliforﬁ'-f:
organisms in certaln quantitles of the milk (i.e. the .
approximate determination of thelr incildence in theimiik{?
and therefore no information is obtained with regard to
‘the types”present; This is regarded as a seriouﬁadiéd   *
advantage by certain worksrs who are. of the opinion that>
the aerogenes~cloacaa types which occur in milk, are non»yz
faecal in origin and therefore represent a much less ob—AfN
jectionable form of contamination than the typical B.: coli
or so~called faecal types. This view, 1f correct, wouldg;\
carry all the greater welght from the fact that aerogenééﬁf
cloacae types are of common occurrence in milk (MacConkey
1906, Orr 1908; Rogers, Clark and Davis 1914; Levine 19?1,»
Kline 1930; Kon 1933; Zavagll 1933; Yale 1935) In an |
1nvestigation by the writer (1933) of the types of ooliforn
bacteria occurring in "raw" or unpasteurised milk at .
different seasons, 3569 cultures of these organisms were JV%
isolated from specimens of raw milk during a winter period{

when the cows Were ‘confined for the greater part of the'vh
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day to byres, and 438 cultures during a summer period
when the cows were at ﬁasture and brought Into the byre&y}
only atAmilking time. It was found that the coliform: |
flora of the milk varled greatly according to saason.~‘ i
Thus in winter the ratio of typical B. coll to aerogenes-i
cloacae types was 2° 4*1, while in summer it was 0 721,
Since typlcal B. coli are the predominant types in bovinéf
faeces, 1t was suggested that this variation was associa;é
ted with a greater possibility of faecal contaminabion ofl
the milk»in_winter when the cows were confined to byres ‘
than in summer:when they?wére at.pasturs. There rémainédf
however to ‘he settled the question of the source of the f;
aerogenes~-cloacae types in milk and ‘also the conditions -
which are responsible for thelr prevalence in it during;ﬁ3
summer . Accordingly, in view of the importance attdchédi?

to the coliform test in the bacteriological examination'ff

of milk supplies and of the fact that coliform organisms,k
especilally aerogenes-cloacae types, are frequently re-7§}%
sponsible for spollage of milk and cream and defects infﬁf
butter and cheese, 1t was decilded to carry out further‘}fg
work for the purpose of elucldating these questions. -
This investigation has now been completed and forms th9iff
sub ject matter of “Sections IT: andITL; of the .Preéeﬁ?

thesls. 1In the course of the work large numbers of;itiaif
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coliform bacterlia were 1solated and their characters de- -
termined. A difficulty, however, arose with regard to thg
classification of the orgenisms owing to the widely dif-
fering views held by varilous workers. An examination wes |
thersafore made of the systematic value of the blological -
characters of all the types isolated in this, and in a
previous (Malcolm 1933), lnvestigation. This study con-
stitutes HSectionf1IVw§fm: of the thesls. It has led'fb ”
the elaboration of a scheme of classification which, it
is believed, enables the organisms to be classified in a |
‘satisfactory manner, and 1s more loglcal and comprahenéivé
than any yet devised.

Prior to the commencement of the work, the chief(
primary sources from which coliform organlsms may gain
access to milk at the farm were considered, namely fodder
and bedding (i.e. hay, ensilage, straw),cereal grains, |
feeding cakes, grass, soll and bovine faecews. As pre#
viously meﬁtioned, it 1s generally accepted that the B.
coll aré.thé‘prevalenﬁ fypeévihfhuman;éﬁd animal faeces
but In absance of recent fascal conté@ihation they do not':
occur'toianﬁ eitaﬁt on vegetation and cereal grains end
in the soil and water suﬁpiies. The aerogenes-closcae -
types, according to many workers, are seldom present 1in

fasces but frequently occur on vegetation, ensilage,
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cereal grains and in soil. As regards the latter, how-
ever, some Investigators are of the opinion that such
types are almost invarilably present in faeces but in Smali
numbers. These findings with regard to the distribution
of serogenes-cloacae types in nature were borne in mind

in considering the primary sources from whlich the organisms
may galn access to milk. The fact, however, that aero- |
genes-cloacae types are most prevalent in milk in summer
(Malcolm 1933; Wilson 1935) enabled a number of these
sources of contamination to be eliminated. Thus at this
season the cows are at pasture and brought into thse byres
only at milking time. Consequently they are not provided
with fodder and bedding and there 1ls little or no possi-
b1llity of the milk being contaminated with hay, énsilage
and straw, or dust from these materials. It 1s pbssiblé
that contamination of the coats of the cows may occur in
summer from contact with pasture plants, but as the
anlmals moﬁe féeely‘about tﬁe.fields,.they themselves in
many, 1f not in most, iﬁétances may be responsible for the
presence of céliformibactarié*on'the plants. 1In any caSe'
Wilson (1935) found that aerogenes-cldadae types were
comparatively seldom present on what he termed the "soil-
contaminated materials" - straw, hay, grass, decaying

leaves, water and swedes. He frequently obtained them
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‘from ceresl grains, meals snd feeding cakes, but there is
little or no possibility of milk being conteminated from -
these sources‘in_summerbas at this season the cows, beingyﬁ‘
at pasture, receive only very small quentlties, if any, 65_
such foods. On the other hand, the coats of the cows maj
be contaminated in summer with mud. This, however, 1is more
likely to happen in winter than In sumer, asz In winter ﬁhe:
flelds, roads and gateways where the cows go for exercilse,
are generally in a wetter and muddier condition. :In'aﬁy_;
case such.mud«is as a rule heavlly contaminated with faedéé,
and the.coliform organisms present will in ail 11kelihqbd'“;
be of faecal origin. In this connection 1t must be'remem; ~
bered that Houston (1897-1898, 1899—1900; 1900;1901, 1902~
1903), Burke-Gaffney (1932), Bardsley (1934) and others, o
"~ have found that coliform organisms are fr‘eq,uently‘absentf'i
from solls which aré.free ér rélativaly freé from faecai-:
contaminatidn;.]Morspvef, Bards1ey (1934 ) found that where
colifotm.Qrganisms.occur_in éuch soills in Britaln, they afé
1grgely of B. coll and intermedlate types (31.0 per cent;f f
B.coll and 66.4 per cent. Intermediate), aerogenes types'gff
being comparatively rare. ﬁilson (1935) in discussing 3 5
thé‘comparative absenée of aerogenesucloacaé types

from soiincontaminated materials such as straw, hay,

grass, wafer and swedes, states that this "to some

extent confirms Bardsley's observations on
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the infrequency of aerogenes-cloacae organisms In the soil -
of this country". Although dust is more prevalent in
summery than in winter, it arises chilefly from roads,
especlally untarred farm roads, and not from flselds carry-:
ing their summer crops. Such road dust is almost certailn
 to contain particles of faeces. Wilson (1935) suggests |
that milk may be contaminated with aerogenes-cloacae types.
in summer from the dust from feeding substances, but as
previously»stated, in summer, such foods are elther not.
given at all or only to a very limited extent.

In view of these facts 1t was decided to in-
vestlgate whétheﬁ»fhe remainiﬁg primafylsource of coliform .
contgminatioh_of milk,'bovine faeces, may'not be responsibi§
for the occurﬁende of éardgénes;cloacae tjpes in milk. |
Although 1t is generally stated and acceﬁted that such
organisms are seldom present in bovine faeces, nevertheless,
this view 1s not supported by the results of some workers.
Thus Allen (1923) found that 8.4 per cent. of the total
bacteria present iﬁ fresh bovine faesces were of B.aerogeﬁés_
type and Dorner (1926) showed that at certaln perilods B.
aerogenes types sappeared to predominate strongly buﬁ at
other perlods B. coli. Moreover Ford (1927) stated that
B. aserogenes occurs chilefly in bovine faeces, while accord-

Ing to Sherman (1935) B. aerogenes types occur constantly-'
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in animal faeces though in relatively small numbers. 'ItﬁTQ
is therefore possible that the incildence of aerogenes;
cloacae types In bovine faeces may be similer to what_@!f;%
Cruickshank and Cruickshank (1031) and Hay (1932) found ??é
with human faeces, namely that such organisms are almost
constantly, though scantily present. If that is the

case, this material may constitute an important primary i;f
source of these types in milk, for although they may be i
present only in small numbers in the faeces, thelr rews
latively high powers of resistance may enable them to "
become enriched in the milk in the utensils and elsewhare;
Accordingly in tha first place an investigation was carried
out to determine whether aerogenes-cloacae types were
frequently present 1n bovine faeces.)

Specimens of fresh faeces, both from cows
confined to byres in winter and from cows at pasture invﬂ‘u
summér, were examlned bacteriologically to determine by >f3
the ordinary methods of isolation the various types of  ﬁ
‘coliform bacteria which are present under these varyingj'“i
conditions. The cultures thus isolated were found to
consist chilefly of B. coll types, the most prevalent -
organisms being B. coli communior (MacConkey's type no.?l)
and B. coli communis (MacConkey's type no.34), as in

fasces of humen origin. (More than half of the cultures
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were of B. coli communior type). Comparatively few
aerogenes~cloacae cultures were obtained. There was no
significant variafion in the types according to winter

and summer conditions. Having regard to these results 1t
was considered that the.failure to obtaln aserogenes~cloacae
types more frequently‘might be due to the small number of
these organisms In the faeces as compared with B. coll
types. The Investigation was therefore continued to.de»
te?mine whe ther tha'fo;merlgould be obtalned more fre-
quently from bovine‘faéces\by enrichment methods of isola-
tion. VﬁriouénmethpdS;were ﬁsed-fb éhrich the organisms
pfior to plating, €eles their éultivatiOn in peptone water
containing brillient green or ,in"xbser's fluld citrate
medium. It was found that more then one subculturing -
two in the case of brilliant green peptone water and three
in the case of Kbaer's\MGdium - in the enrichment medium*>;
was necessary to eliminate the typical B. coli. Proteus
types grew well in Koser's medium but could be chécked by.
the addition of 1:1000 to 1:2000 copper sulphate. By
employing such enrilichment ﬁefhods it was found that organ- '
lsms of aerogenes~cloacae types could be lsolated from
almost all the faecal specimens and there was no signin-,' 
ficant variation in thelr incidence in the faeces wifh

summer and winter conditlons. B. cloacae (MacConkey's
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type no.l08) and B. aerogenes (MacConkey's type_no.los)
were the types most frequently obtﬁined.

According to the reéults of these investiga~
tions the typical B. coll predominate 1in bovine faeces
but the aerogenes-~cloacae types are practlcally always g
present, though normelly In small numbers. The occurrénée
of aeroganes-éloacae types in almost all the specimens‘Qf’
bovine faeces showed that this materisl may constitute aﬁl'
important primary source of such orgenisms in milk. Moye%
over, this'fihding waé Suppbrtéd~by the observation theat
in the winter time the same ratios hold for aerogenss-
cloacsae types to B. colj types in the faeces and in the - -
‘milk. With regard to the incidence of~the various types:
in the Syecimens, however, an explanation had yet to be |
obtained for the fact that the ratic of aerogenes—cloacae:
types to B. coll was much higher In summer with the mllk
than with the faeces, and the ratio was also much higher  
with summer milk than with ﬁinter milk. In considering
this varlation in the collform flora of milk according
to summer and winter conditions, it was thought that the
relatively high incidence of aerogenes-cloacse types in {f'
summer milk may be due to the fact that while under both-
summer and winter conditions faecal contemination of the

- milk may occur, in winter there is 1little or no growth of
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any coliform types in the milk so that the coliform
flora resembles that of faecés, whereas 1ﬁ summer there
1s considerable growth and multiplication of the asero-
genes~cloacas types, but not of the B. coll, and as a
result the former become enriched In the milk. Tﬁere were
gréunds for this supposition, as 1t had been found in a
previous investigation (Malcolm 1933) that (a) the average
bacterlal content of specimens of milk from a group of
farms 1s'as a rule much higher in summer than 1in winter,
(b) the 1ﬁcidenéé of‘co1ifbrm organisms in the specimens,
as shown by‘ﬁhe cdliférm test, is muchlhigher in summer
than in winter, and (c) there 1s a high correlation bex«
tween the average bacterlial content of a seriles of such -
specimens, the proportion of collform-poslitive samples
and the mean of the daily minimum and maxIimum atmospheric 
temperatures. At the time it was suggested that this |
corralation was probaebly due largely to the influence of |
tgmpgrature.on the rate of multipllcation of the bacterigl
conteminants (including coliform orgerilsms) both in milk,
which has not been properly cooled, and in utensils whicﬁ -
have not been thoroughly sterilised.
In view of these facts it was decided to carry'; 
out a further investigation to find whether aerogenes-

cloacae types mlght not become enriched in milk held at



=20~

low temperatures'such as prevail in dairy practice. Cul?
tures of varlous types of coliform bacterla - B.coli,
B.cloacsae, B.Qx§tocus and B.aerogenes - were grown 1n7
partlally or cdmpletely sterilised milk for 24 hours at
17°C., the bacterial numbers in the milk before and after
incubsation being determined by the plating method. In

all instancesitheAaerogenes—clbacae types multiplied mofé 
rapidly‘ﬁhan~tha B. coli. There was a possibllity that
different results might have been obtained 1f raw milk
had been used instead of sterilised, since raw mllk,
unllke heat~sterillsed milk, hasg bacteriostatic or bac-z
tericidal properties, which may have a greater effect‘oni
aerogenes~-cloacae types, than on B. coli. The experiment
was therefore repeated with ray instaad of sterilised |
mllk., It was found thet while the raw mllk had a markﬁdzj
bacteriostatic action on certain coliform organisms, bothf.
of B. coll and aerogenes=-cloacase types, the aserogenes-
cloacae were generally affected to a much less extent

than the B. coll and as a rule ﬁultiplied much.more-rapidf
l1ly. As the plate counting method, used in these experiJ:}
ments to determine the rate of bacterial multiplication, -
would give unreliable results 1f the organisms ocpurred |
in clusters in the mllk, microscoplc examination in many

Instences was made of the primaery bacterlial suspensions
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with which the milk wes inoculated and of the inochlatea:f?
milk after 3 days incubation at 17°C. However, there s
was little or no tendency to clumping either with the o
sterilised or with the raw milk. Moreover, the 1n1tial-;;?
plate counts of the milk cultures agreed fairly closely. )
with the eéﬂimate‘baséd oﬁ the count to which the primarf?f
suspensiéna;bf thélindcuiuﬁs had been standardised by‘thalf
opacity method. * | | B
Theré was a possibility tﬁat the relative rates .
of-growth and multiplication of the dlfferent coliform o
types mighﬁ vary widely according to whether the organisﬁﬁi
were living in pure cultures or In mlxed cultures of 1
coliférm types. Experiments were therefore carried‘outdk_;
to deféﬁmine whether aserogenes-cloacae types would muitigiﬁ
more rapldly then B. coli, when mixed cultures, esach GQn;g;
sisting of a B. coli and an‘asrogénesfcloacae type,\wefeffé

grown in sterilised milk held at 17°C. for 24 hours. The -

relative rates of multiplication of the two coliform .
types in each culture wes determined. It was found tﬁ&%&;
in most instances the aerogenes-cloacae types multipliedfff
more rapldly than the B. coli, —toften much more rapidlyfﬁf
l.e., the behaviour of the organisms In mixed culture wé$ ?
similer to that in pure culture. h

The gquestion was then considered as to whether - -



temperature had any marked influvence on the results. Mixed
cultures of different coliform types, as In the previous
experiment, were grown in milk for 24 hours, not only at
17°C. but also at 22°C., 30°C., and 37°C. The results
showed that at 2200., as at 17°C., the aerogenes-cloacae
type multipliéd as a ruie.more‘rapidly than the B. coli,
but at 30°C. and 57°C the reverse was the case. Thus
the relative rates of multiplication of aerogenes- ~cloacas
and B. coli types in milk varied with temperature.

| The Investigation had thus shown (1) that aero-
genes-cloacae types were almost always present, though in
small numbers, in bovine faeces and (2) that they multiw.':
plied more rapidly than B. coll types in mllk held at
EBOC. or lower temperatures. From these results the in—/?
ference was drawn that mllk, which is contaminated with
bovine faeces, and cooled and held at a‘temperature of
17°C. or 22°C.,may ultimately contain a coliform flora
consigting largely of aerogenes-cloacase types. To de-
termine whether this was the case, spscimens of bovine
faeces were Inoculated into raw milk and the cultures kepff
at 179C. for 36 hours. Plates of MacConkey's agar were '
stroked in series from each milk culture and a large number
of colonles plcked off from each set of plates and typed.

It was found that the serogenes-cloacae types occurring in
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the faeces became enriched in the milk, the coliform flbrﬁ 
of the milk at the end of the incubatlon perilod frequentlyi
consisting chiefly of these types. i
From the results of these investigations, the
conclusion 1is drawn that the greatér incidence of aero-~
genes-cloacae;typeé?in-sﬁmmér milkrin”Scotland conpared
with Winter milk as found in a previoud investigation,
may be due to the . fact that when mllk 1s contaminated
directly or 1nd1rect1y with faeces,cthsse types become)en~£
riched at the temperatures of storage commonly prevailing%:
in summer. Such enrlehment does not occur in winter, théi&
holding temperature of the mlilk beling as & rule so low i
that there is 1little or no proliferation of any coliform f?é
types. Consequently the relative proportions of the vara ;%
ious coliform types in winter milk tend to remain similafﬁ?i
to those in the faeces. IR
In these Investigatlions large numbers ofAcali-‘“gA
form bacteria were 1solated. The bilologicel characters e
of the orgenisms were examined to enable them to bé typed
and placed in their proper groups - B. coll, B. cloacae,
B. oxytocus, B. aerogenes, etc. There is, however, con- . *1
slderable difference of opinlion as to how coiiform bac=-
teria i should be classified and therefore the question

arose as to which classification should be adopted. In



the classifications of the earlier inveétigators (ﬂyaf
and Keith 1894, Smith 1895, Reflk 1896, Gordon 1897,
Grimbert and Legros 1900, Durham 1900—1@01, Ford'lsol, L
Houston 1902-1903 and 1905, Jordan 1905,,,_s.avage 1906),
comparatively few biologlcal characters are employédfaﬁaﬂf
as a result only a small number of typés oi groups are
differentlated. Such classificatlions are by no meané ‘
complete and are too crude for use. Fbr;example,,Durhaﬁﬁ-
simply arrenged the lactose-fermenting types of coli»_
typhoid organisms in three groups: B. coli commuhis,f
motile and noh—sucrose-fermenting}“ B. colil coﬁmunior'--~;
motile and sucrose-fermenting; and B. lactis aerogenes -gj
non~motile and polysaccharide-fermenting. Houston (1905)
grouped the cultures he isolated from milk on the so~
celled "flaginac" basis,_namely "f1" - production of
fluorescance in neutral red broth~ "tag - fermentation ofl
1actose with fonmation of»acid and gaa; "in" - production"
of 1ndo;e "ac! - milk, adidified'ahd curdled. He also.
noted whether the cultures fermented sucrose and 11que~ A:
fled gelatin. |
The first comprehensive classiflcation of colié¢ 
form bacteria was that of MacConkey (1905, 1906, 1909).
He selected a series 6f'bioldgical characters which hefii‘
ddnéidered of most value for differential purposes, néméiy

the fermentation of sucrose, dulcitol, adonitol, inulin



and inositol; the production of Indole; the Voges~Pros-
kauer.reaétion,depending on the producfion of acetyl—
methyl-carbinol from a fermentable sugar; liquefaction
~of gelaﬁin; and presence or absence of motlility. He |
divided the organisms into four sub~groups according to
thelr sucrose and dulcitol reactions and subdivided the
sub-gfoups:in£o a number of tﬁpes or varieties according.
to the other characters mentioned. Unfortunately,
Macconkaj’s‘suﬁ;gruup criteria - sucrose and dulcltol re-
actions - do not correlate very highiy wlith certaln
features shown by later workers to be of great systematic
value, i.e., the Voges-Proskauer, Koser and indole re-
actionas. In fact the sucrose and dulcltol reactions are
of no value for the differentiation of the typicai B. coli
from aerogenes~-cloacas types, both B. coll and aerogenes-
cloacae types occurring 1ln each of MacConkey's sub-groups.
While MacConkey employed the Voges-Proskauer and indole
roeactions for systematic purposes he attached no speciél'
importance to them, but simply Included them in a series
of blochemical characters for the differentiatlion of
types. MacConkey's classifiéation provided for the dif-
ferentlation of 128 types. He actually obtained thirty-
silx of these types with 497 strains which he isodlated

from various sources. Bergey & Deehan (1908) and others
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uged MacConkey's classification. Jackson (1911) adopted

a somewhat simlilar classification, but also made use of

the raffinose, mannitol and nitrate reactions for the
differentiation of types. One great disadvantage of
MacConkey's and similar classifications is that they lead
to a multipliciﬁyvof:types, fhe differénces between which
in many 1nstanées are so slight as to be of little or ﬁd*
signifiéance in publié health and dairy advisory work énd.-:
even for-ayst@matib‘purpﬁaeé;' As the number of reactions
used as differentiating criteria increases, the number of
possible types increases. Thus Bergey & Deehan (1908)
‘employed olght reactions in their classification and therej'
fore made 1t possible to differentlate 256 types.

In an investigation of the characters of 630.
strains of B. coli obtained from human faseces, Howe (1912)=
showad that there was no correlation between certain |
feafures, @.8., motility, fermentatlon of dulcltol and
mannitol, indole production and nitrate reduction. Con;;
sequently, he distingulshed only two types, B. communis
(sucrose—negative) and B. communior (sucrose-positive).
Kligler (1914) suggested that the lactose-fermenters shoﬁid
be subdivided according to thelr reactlons with sucrose
and sallein instead of with sucrose and dulcitol, as he

found that the sucrose-salicin sub-groups correlated more-
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highly with the indole, Voges~Proskauer and gelatin re-
actlions, than did thé sucrosendulcit61 sub-groups. Prea~-}€
cott & Winslow (1915), like Howe (1912), were of the ’\
oplnion that the correlatlon of characters should be tak@ﬁf;
into coﬁaideration, and that coliform organlsms should béﬁ<r
c]assified on a statistical basis.

Rogers and his co~workers (1914—18) in an ex~
amination of the characters of coliform strains from faeces,

milk and grains, con firmed thﬁ findings of Smith (1890,

1893, 1895), Russell & Bassett (1899), Harden (1901, 1905),‘

and Harden and Walpole (1906), and others as to the value
for the differentlation of coliform types of the ratio Off*i
002 to Hy in thelr fermentation products. Rogers and hisl';
associates distinguished two groups of coliform organiSmsafi
(1) a low-ratio group consisting of strains which gave a ffk
COo, to H, ratlo of 1.06, e.g., B. coll,and (2) a hilgh-
ratio group consisting of strains which gave a COo to Hy
ratio ranging from 1-90 up to 3.00, s.g., B. aerogenes.
These workers found that there was a close correlation
between the gas ratio of cultures of coliform bacteria andf;
their source. Clark & Lubs (19185) showed that the lbw—
ratio group could be distinguished from the high-ratio
group by thelr acld-producing powers, cultures of the lowf

ratio group producing under certain conditions in carbo-
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hydrate media a much higher acldity than cultures of the x;
high—ratio group. They found that the difference in de- p?
gree of acldity could be readily determined by means 6f-f¥f
the indicator, methyl red, and introduced the methyl-re&.}é
test for distinguishing low- from high-ratio coliform o
types.. Levine (1916a, b, c), Johnson (1916), Hulton :
(1916), thnSO#’&{Lgvine (1917), Levine (1918), Rogersyr;'g

et al.‘(lgle)‘andkothefs,noted‘thét there was an almost f;;

perfeéﬁﬁiﬁvéfSB correlation between the methyl-red and f??f
nges~Proskauer reactionas of collform bacteria. Thus
the low-ratio group was methyl-red-positive and Voges-  ' v
Proskauer-negative; and the high-ratio group, methyl-redff;
negative and nges;Proskauer-positive.
Levine (1918) in a statistical examination of;iié
the charactérs of coliform organisms concluded that theikka
group should be subdivided on correlated characters. HB‘JE
- elaborated a schemse of classification whereby the lactoéé:é
fermenters were subdivided, according to the methyl-red;;?{
Voges-Proskauer and starch reactlions, into an aerogenes§<ji
cloacae group (either methyl-red-negative and Voges- - -
Proskauver-positive, or sterch-positive) and a coli group;“é
(mothyl -red-positive, Voges-Proskauer-negetive and
starchQnegative). Thesa‘éub-groups were then subdivideggvi

according to various blochemical reactlions and motilitﬁ, f
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the correlation of characters being again taken into
conslderation.

Mackle (1921 ) suggested that the inositol and
Indole reactions of coliform organisms were important
criteria for thelr classiflcation. He consldered that
the fermentation of lactose and other carbohydrates was
of less significance for différéntigl purposes, and sug-
gested that all the glucosé-férmentingysaprophytic members
of the coli-tjphoid gfoup‘Should_be'recognized ag coliform
bacteria, irrespecfive of the nature of their other fer-
mentative reactioné. Thus he included in the coliform
group certain non-proteolytic glucose~fermenting sapro-
phytes, which resemble B. coli In their general characters,’
but which do not ferment lactose or do so only after muta- -
tion, e.g., the "paracolon' bacilli. Mackle found that |
strains having the characteré common to this coliform
group dld not liquefy gelatin, apart from strains which
might be classified as Proteus.l He polnted out that

inositol fermentatlon ls correlated with other characters;»:

l'In testing the proteolytic properties of his strains,
‘Mackie kept gelatin stab cultures at 22°0C. for only 2
weeks. In this period few of the strains of the gelatin-
ligquefylng types included by MacConkey and others in the
colliform group, e.g. B.cloacae and B. oxytocus perniciosus,
would give positive reactlons. These strains may take

from 4 to 12 weeks or more to liquefy gelatin at 22°C.

and even at 30 and 37°C.
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8.8., non-=motility, encapsulation, production of 1arge,‘.'
thick, opaque, sllmy colonies, and fermentation of
lactose, adonitol, sucrose, raffinose and salicin. He
classified the glucose-~fermenters of the coll-typhoid
group into the followlng sub-groups:
A. Gas~producing, indole-formlng, non-inositol-
fermenting and non-liquefying, e.g., "typical®
B. coli.
B. Gas=-producing, non-indole~forming, non-inositol-
fermenting, and non-liquefying. No named species
belongs to thls sub-group if slow liquefying

types, e.g., B. cloacae, are excluded.

C. Gas-producing, inositol-fermenting, non-liquefying,
8.8., Be lactis aerogenes.

D. Non-gas-producing in all sugars fermented and
non=-liquefying, e.g., B+ coll anasrogenes.

Subsequenf to‘the pub1icatiQn¢of Mackle's
classificatidﬁ, a véluable_biological feature for the
differentiation of coliform types was discovered as a
result of the work of Brown (1921) and Koser (1923, 1924,
1926, a,b,c). These investigators showed that aerogenes-
cloacase types were capable of utilising the citrate radicle
as the sole source of carbon, whlle B. coll types were |
unable to do so. Consequently, the former grew readily 1n,x
a synthetic citrate medium (a positive Koser reaction)

while the latter did not develop (a negative Koser reactilon)
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However, Koser found that in some instances organisms
resembling B. coll (methyl-red-positive, Voges~Proskauerm
negative) but of so0ll origin could attack the ciltrate
radlicle and give & positive Koser reasction. These Koser-
positive, méthylnred—positive, Voges-Proskauer-negative
soll types were dissimilar to aerogenes-cloacae types,
but resembled B. coli, in that they were unable to grow
in medla containing uri%?&gless some other source of
nitrogen was avallable (Koser 1918, Chen and Rettger 1920).
The sysfem of classiflication employed by Bergey
(1923, 1934) 1s almost entirely different from that of
Mackle. ‘He divides the lactose~fermenters into ngeé;
Proskauer-negative types, genus BEscherichia; and Voges-
Pposkauer-positivé types, genus- Aerobacter. The Escherif
éhia:are subdivided into twenty-two specles according to
sucrose fermentation, gelatln liquefaction, motility,
salicin and dulcitol fermentations, action on mlilk and
nitrate reducticn. The Aerobacter are subdiviced into
seven specles according to motility, sucrose and dulcltol  '
fermentatlons, gelatin liquefaction and gas formation at
37°¢. Owing to the fact that the Voges-Proskauer reaction
shows an almost complete inverse correlation with the
methyl~red reaction, 1t also correlates very clesely with

the gas ratio of coliform types. Consequently, the genus
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Escherichia consists of methyl-red-positive and low-ratio
types, and the genus Aerobacter of methyl -red-negative and 1}
-high-ratio types.

The classificatlion of Bergey, however, 1s not
satisfactory for reasons which may be stated briefly as
follows:-

(1) The coliform group of bacteria consists of a
gradation of types, so closely linked together as to
render 1t undesirable to divide the group Into two genera,f t
Thus although the BEscherichia types of Bergey differ fr@ﬁ;fﬁi
the Aerobacter in thelr manner of éarrying out fenmentatioﬁ;z
nevertheless, with regard to other characters the former - :
frequently present identical features to the latter, as 1n ”j
B. friedlanderi (Bscherichia types,) and B. aarogenes |
(Aerobacter types). | |

(2)-The inositol and indole reéctians have not beéeen
employed as differential eriteria in spite of the fact that,?_:-,
as shown by Mackie (1921) and the writer (1933: see also S
Section IV )s they are highly characteristic properties of
various lmportant sub-groups of coliform bacteria. Further,;g?
the importance of the lnositol reaction as a differential“ \
is evident from the findings of Hay (1932) in a study of th@f
B. mucosus capsulatus group (inosltol-fermenting organiams‘f,?

closely alllied to, 1f not 1ldentical with, B. lactis
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aerogenses ). |

(3) The gelatin reactlon 1s not satisfactory for .
differentlating types, as those coliform organisms which
liquefy gelatin do 80 as & rule VGry slewly, thefbfocessfjf
taking'perhaps from 4 to 12 weeks at 20°C. and even at
50 and 57°C. The test 1s therefore of 1ittle value in
the rbutina analysis of water, etc. In additlon, a
fairly'high proportion of strains otherwise of classic
gelatin—liquefying types, e.g., B. cloacas (MacConkey's . :
type no.108)’and B. oxyfocus pernicioaué (MacConkey's ;: ${
type ﬁo.65), fall to liquefy gelatin even after prolongedf'{
incubation (Malecolm, 1933; see also Section IV,). ‘Also, f ‘
misleading results may be obtained undér such ponditionéﬂﬂ
owing to the liquefaction being due merely to the action
of endoproteases which have been liberated from ﬁha deadfé&
bactgriélléeliél(ddﬁmiftee on Bacteriologicel Technic of ?fi
the Soéiéty of'American Bactériologists,'1954). Ih~any'i¥¥“
case, gélafin—liququing_stré;né‘of‘colifbrm bacteria éagiéﬁ
usually be identifiéd by other propertles (see later).
Bergey in the Key to the genera of tribe Bacterieae,notesﬁ;;
that gelatin is not liquefled by the members of the genué;ff
Escherichia, but includes 1n the genus a number of lidua}ﬂf%
fying speciles. e

(4) In Bergey's classification the salicin reaction
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has been used for differentiating specles of Escherichi&.,_i
The writer (1933), however, found that different strains
of even the classlc types, e.g., B. coll communis Escherip@f
and B. colil communior, varied in their salicin reactions; EE
-Thus with.ninety~five cultures of B. coli communis Esche~'if
rich, obtained from milk, sixty-nine gava positive re~  _ 
actions 1ln salicin and twenty»six gave negative. With 1951;
cultures of B. coli communior, 181 gave positive reactionsf:
and twelve gava n@ggtive. Ma.ckie (1?2;) obtained similar ﬂg
results with strains of B. coli communis Escherich, B.coié@?
communior and other types lsolated from humen fascses and o
from other sources.

(5) Bergey's sub-division of the non-motile, nges;f@?:
Proskaver-positive types according to the sucross and dul;;é
cltol fermentations 1s not satisfactory, as 1t includes‘iﬂff
the specles Aervobacter aserogenes certain nﬁnudulcitol- |
fermenting types which produce indole and ligquefy gelatin}ff
These types, except for thelr dulcitol reactions, are ver&f:
similar to B. oxytocus types, and should be included in
the same spscles, namely, Aerobacter oxytocum. On thé
other hand, in the case of non«motile Voges-Proskaver-. g
positive types Iindole productlon, unlike dulcitol fermenta-:
tion, correlates fairly closely with liquefaction of

gelatin and therefore 1s of more value for differential __ff
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purposes. G
- Wefkman & Gillen (1932) suggésted that'certainkEﬁz
coliform types which produced trimethylene glycol shoﬂld ;!%
be placéd in a separate genus, termed Citrobacter. ‘These‘:f
types were methyl-red-pcsitive, nges-Proakauerunegative,ﬁ;é
and Koser-positive and there fore were intermediate betwe@n%%
B. coll and B. aerogenes types. Levine and his co~workera‘f
(1932) found that intermediate coliform types obtained |

from eggs differed from 6ther collform types in produciﬁg ?;
sulphuretted hydrqgen froﬁ-Difca protecse peptone,'but‘ |

41d not kriow whether the former produced trimethylens
glycol. In all inqtances their Intermediate strains failed
to prodﬁca .’mdole. On the ot:her hend, Tittsler snd
Sandholzer (1955) showed that intermediate coliform typeaiﬁ

varled with regard to Kbser reaction, sulphuretted hydro- ii
gen and indole production and cellobiose and ©¢-methyl - |

glucoside fbrmentation, .and concluded that intermediate

coliform types were sSo heterogeneous in character that

- their inclusion in e separata genus was hardly Ju%tified¢ ;9

l Wilson (1935) subdivides collform organilsms

according to thelr methyl-red, Voges~Proskauer, Koser cit%
rate, BEijkmen, indole and gelatin reactions. The Eijkmen =
reaction depahds‘upon the ability of the organisms to

produce gas in. dextrose broth when incubated at 46°C.,
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- B coii types‘giving positive reactions and aerogenes-
cloacae negative. Investiéators are. by no means unanimous
as to the reliebllity of this ﬁest, although Wilson (1955)1
claims that the discrepancies in the results of the var-
ilous workers have been due to fallure to maintain a con-
stanf'temperature of 43 to 45°C. in the medium during
incubation. |

It is evident from a comparison of Bergey's
classificéfion with that of Mackls, Wilson and others,
that there is a wide divergence of opinions as to the
classification of coliform bacteria. In the varlous
systems of classiflcation which have been used, differ-
ences occur, not only in the criteria empleoyed for dif-
ferential purposes, but, where the same cfiteria have
been adopted, in the value attached to them. Therefore,
to anyone: faced with the determination of coliform typas‘
or engaged‘in-sYétematic.work, the question arises as to
what classification should be adopted. Routine examina-
tion of water and milk for céliform.bacteria by Public
Health Authorities is directed solely to detecting the
presence of these organisms, and in the case of water,‘
agcertaining whether they are "typical" B. colil or not. |
Ag a rule no attempt 1s made to identify particular types.

On the other hand, when coliform bacteria are assoclated
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with disease éonditions or with the production of
specilfic tainﬁs in dairy produce, the recognition of
pafticular\tyﬁes may be of great importance.' For thié
purposewaﬁd for the systematic study of the biologlcal
characterslof the group, a comprehensive classificatién‘

of types 1s essential. It is also necessary in 1nvestigaﬁf;

‘tions (such as the present one) of the types of coliform e

bacteria occurring in faeces, milk, etc. Consequently iﬂ?}é
carrying out the examination of‘théfcorﬁfdrmﬁfloﬁaaofiboviﬂé
faeces, it was decided to make at the same time a detalled
study of the bilological characters of all the coliform i
cultures isolated from the bovine fasces and also of thoéeég
1solated in a previous investigation (Malcolm 1933) ffom’wbi
specimens of milk. It was thought that in this way in-
formationjmight be galned with regard\to;the value 6f
these feafufes asvdifferentiai criteria,jand a satisfact%i}{
ory method of classification be. obtained. _f ?
One of the chief difficulties in the classifica{*gé
tion of collform bacteria arises from the fact that while:ﬁf
having a number of characters In common, they show widéf>f?€
veriation with regard to certain others, the true value;-;if
of which for differentlal purposes is not known. In oh&é?ﬁ?

to overcome this difficulty it was declded to assess 1;116;',,;1?}'1

- systematic value of each character, not only on its
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morphologiéal or biologicsel significance, but also on the
degres to which it was corrslated with other characters.
The latter principle of classificatlion has not hitherto
.been éarried out to any considerable extent, except by
Leviné (1918). Accordingly the cheracters of certain
woll reCOgnized types of ooliform bacteria, namely B. coli
B. aarogenes, B. cloacae and B. oxytocus, were examined
and the most outstanding features determined. A study was
then made of the blological characters of all the cultures,
1,656 in number, which had been ilsolated from milk and
bovine faeces, and the degree of correlation between the
various characters ascertalned.

It was found that there are numerous types of
coliform bacteria. These types are so closely interlinked
in characters and in relations to environment as to render_g
i1t undesirable to make an arbltrary division of the group
into two or more genera. However, for systematic purposes a
and to ensble types to be identified more readily, the
group may be subdivided into a.series of sub-groups by
means of fbur blological characters, namgly the Voges-
Proskauer, Koser cltrate, inositol and indole reactions.
These differentlal criterlia are not oniy reliable and out~.}
standing blological features but they correlate almost per- -

fectly with varilous other characters, and by their use the .
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group may be divided into particularly well deflned sub-
groups. Thus the nges-Proékauer reaction not only af-
fords an index of the gas ratlo (COg:Hg) of a colliform
type, but also of its aclid-producing power or methyl—rea
reaction. As regards the cultures examined, there was.

an almost perfect correlation between the VogesnProskauer‘
and methyl-red reactions. Moreover, the Voges-Proskauer-
positive cultures were with rare exceptions Koser-positive.
The Xoser reactlon was found to gilve reliable information
with regard to the viabllity of the organisms, Koser-
positive types being more resistant to the antiseptic
action of brilliant green than Koser-negative. The greater
vigour of the Koser-positive types was further Indicated |
by the fact thatjnot oply could they attack the citrate
radicle, but they'frequentlj fermented inositol and in many .
instanCQStproducedvthick;mucoid éblohies;and became en-
capsulated. _Moreovér, Koser-negative types were In nearly
all instancés'typical‘B. coll, i.e., thay gave Voges-
Proskauer negative, lnosltol-negative and Indole-positive
reactions. There was a very high negative correlation be-
tween the inositol reaction and motility; and an almost
perfect positive correlatlon between the I1nositol and
adonitol reactlons with the exception of the adonitol -

posltive typical B. coll, these latter, like all other Voges-
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Proskauver-negative, Koser-negative coliform types, were

in all instances inositol-negatlve. Inositol-fermentersi:%}
were also found to be Koser-positive, sucrose-positive andjf
raffinose-positive; they were frequently encapsulated and;ﬁé
formed thick mucoid colonies. The indole reaction corfeé-‘
lated very highly in a negative sense wilth the Koser
reaction; but 1ndole-positlve, Inositol-positive types were;
Kosar-positive.‘ Thus 1ndolesnegativeftyped were Koser- e
positive, ‘while indale-positive types were as a rule. Kbsér;;

positive or negative according to whather the 1nositol re~f{

actions werse posxtlve or negative.

Selecting these four characters - the Voges~

Proskauer, Koser, inositol and indole reactions - as dif- .

:ferential criteria, a system of cla331ficat10n was for-

mulated by means of which the cultures which had been

lsolated, were arranged in eight sub-groups. The proto- -~

types of flve of these sub-groups were of classic colifqrm‘

types, namely B. coll communis, B. friedl#inderi, B.

cloacae, B. oxytocus and B. asrogenes. No named types

belonged to the other three sub-groups, though organiamSZOf;

these sub-groups have also been obtained by MacConkey

(1905, 1909), Mackie (1921), Koser (1924, 1926), Bardsley -
(1926, 1934) and others.
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SECTION IT.

A v v W Ve G W WS WE DI AN G ARR TR IS G G0 DA A M

THE TYPES OF COLIFORM BACTERIA IN BOVINE FAECES.

Specimens of bovine faeces, both from cows confined -
to byres and from cows at pasture, were examined bacterio-
légically, with the following objects: (1) to determine by
the ordinary’methodé‘of'isolatibn the various type s of coli-
form bacteria which afa present in bovine faeces under thﬁs§ 
varying conditioﬁs, (2) ih thé'event of'aérogenes—cloacae
tjpes being rarely obtalined by these méthods, to attempt-t6  |
dsolate them more frequently by enrichment methods, and (5) }
to study the bilologlcal rééctions of the cultures of coli-

form organisms lsolated.

I. The Types of Coliform Bacteria lsolated from bovine

fasces by Ordinary Methods.

One hundred and fourteen speclmens of bovine faecés:
were examined. The specimens_were taken at different per-
1ods of the year, elghty-one belng obtained during a winter,3 
period extending from November to April, when the animals
woere confined to byres for most of the day, and thirty~thr¢é .
during a summer period extending from May to October, when

the cows were at pasture for the whole or greater part of



- -

the.dgy. Most of the specimens were obtalined from six
cows, and weré procured from the centre portions of freshﬂi

droppings.

The specimens were examined within a few hours of;f@
evacuation, the examinatlon being carrled out as early asfﬂfi

practicable in view of the possibllity of certain organiSmgii

dying off rapidly in such materials (Browning 1918). If :
the faeces could not be: examined within 6 or 8 hours, they;ff
ware treated at once - ‘with Teague and '‘Clurman's glycerine

and salt solution_(see Brownlng 1918). -

) Methddéof isolation.

An emuision of the faseces was prepared in sﬁeriléi
wafer. At first one large loopful of the specimen was “_
mixed with approximétély 5 ml. sterile tap water,.the’dia;% ,
meter of the loop being about 4 mm. TLater, when 1t was~ Tf§
observed that no coliform cultures were obtained from soméf
specimens, a much denser emulsion was prepared, s8ix to ta@é
loopfuls of faeces being added to the sterile water. _t

 The following methods of isolation were employed-f
(a) sﬁfoked plates of blle-salt lactose agar, and (b) bt
preliminary enrichment iIn blle-salt lactose bouillon.

Stroked plates of neutral-red bile-salt lactose agéﬁ

(Muir and Ritchie 1957). One large loopful of the faecal =

emulsion was gtroked on a bile-galt agar plate and in-
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cubated at 37°Cc. for 24 hours. Typical colonles (at first

six but later in the investigation three) were transferred

to Durham S farmentation tubes of blle-salt lactose bouillon.?
Subcultures whlch failed to produce acid and gas within 14
days at*37°6. were discarded. - The others, as soon as both
acld and gas were apparent in the fluid cultures, were sub~~'?
cultured -on bilewsalt agar platas.; 8ingle colonles were

again subcultured into bille-zalt lactose bpuillon,'and if“\5'd
ﬁrbducing acid and gas, transferred to agar slopes. Re~,
plating frdm a broth culture was consideréd to be advisable |
owlng to the difficulty often sxperilenced in separating culwii
tures of coliform organlsms from mixed cultures. This pro~”;{i
cedure has’been'recommended for similar reasons by Ruchhoft;)ﬁ
Kallas, Chinn. and Coulter (1931). Coliform cultures were‘ B
not obtained by thls method from sixteen specimens, but they;f}
wore lsolated from twelve of these specimens by other matho&s;i
which were being used at the time. Thus only four specimenslté
failed to yield cultureskby any of the lsolation methods i
employed. It was possible that in some instanceés coliform’

colonies had been overlooked on the bile-salt agar plates,

and so the practice was finally adopted of keeping the plate ..
cultures from whlch colonles lhad been taken, for 6 or 7 days. af
If the boulllon subcultures failed to produce acld and gas‘f‘“

within that time, fresh subcultures were made from other
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colonles. Three of the four specimens which yielded no

- coliform cultures were examined In the early stages of thé55;

work before this practlce was followed. The presence of v

"spreading" colonies, chiefly Proteus types, on the plates;df

occasionally made the isolation of coliform cultures dif-
ficult. It is noteworthy that Dorner (1926) frequentiy
failed to obtain any poliform strains from specimens of
bovine fagéés,’ésgeciaiiy witﬁ cértéiﬁ;dows. As a rule
cultures from three colonies deCOlifbrm organisms were
1solated‘@ymthis.mephoé‘from_éaqh gpecimen. If the col-

onies differed in appearance, subcultures were made from

each type. The total number of cultures obtained was 862;1v§

Growth in bile-~salt lactose bouillon before stroka}:

ing on bile-salt lactose agar plates. Several loopfuls

of the faacal emulsion were added to'a Durham's fermenta-f  ﬁ

tion tube of bile-salt lactose boulllon and incubated at

27°C. When acid and gas were produced (usually within

18-24 hours), the culture was stroked on a plate of bile- -

salt agar. The subsequent procedure was the same as in

the first method, but only one colony was Inoculated into k

lactose boulllon, and as a result not more than one cul-
ture was 1solated from each specimen. (Where the speci~

men conﬁained several types of coliform bacteria, the
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ﬁype 1solated would depend to some extent on the relativeai
numbers of the various types in the faeces and alao on
thelr relative rates of grbwth in the bile-salt bouillon).
This me thod was not used at the outset of the work, but
was employed with the plating me thod (see above) 1in the
examination of the 1ast eighty-five speclmens, il.e., thﬁL‘:
thirty-three summer dpecimens and flfty—two of the eightyw 
one winter specimens. Coliform cultures were obtained .
by its use from eighty of these speciﬁens, including seven:
from which none was obtalned by the previous method. Tha.
total number of culturesfisolated was éighty.
Method of ldentification of cultures isolated.

Stalined smears were prepared from the agar—slopaé-:
cultures and examined microscopically‘to determine whetheff
the orgenlsms were of coliform type, l.e., non-sporing,
Gram-negative and rod-shaped. Culturés!which had not
these characters and failed to grow uﬁder aerobic con~- .
ditions were discarded. Living preparations from peptone-
water cultures were examined for motility. The following
biochemical reactions were also determined: fermentaﬁioﬁ-'
of 1actose; glucose, sucrose, dulcitol, adonitol, inulin, -
raffinose and inositol; action on milk; the methyl -red
and Voges-Proskauver reactions; production of indole;

liquefaction of gelatin and abillty to grow and produce
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turbidity in Koser's fluid citrete moedium (Koser 1924).
The various tests were cerried out in the manner described . mz
on pages 94 to 98.{v
Resqlts.)

4fThxg9*huﬁdrqg and forty-two cultures of coliform |
bacteria”were 1sola£éd by these methods. The cultures
obtained by both the methods corresponded very closely
in type,‘and consequently the results obtained by both L
are caﬁbined in Table 1, page 146, which shows the number_,ifé
of cultﬁresAiéolafed during the winter and summer'perioqs;ﬂg:
and during the whole period. The cultures are arranged |

In sub-groups accordlng to the following resctions:~

(a) Voges-Proskauer reaction, (b) growth in Koser's fluid71?
citrate medium, (c) fermentation of Inositol and (4) .
production of indole. This method of grouping 1is sup-
ported by the facts given in Seetion IV, page 93. 4 E

It will be seen from Table 1, that in each of thef;f

perlods most of the cultures belongéd to sub=group 1,vthé i§

typleal B. coli. OFf the 542 cultures lsolated, 330 belong-
ed to this sub-group and only twelve to the other sub- ”:
groups. With.regard to these B.coll cultures (sub-group ii%
the following types of MacConkey (MacConkey 1905, 1909) .
were obtalned, the figure in brackets indicating the

number of cultures of each isolated: nos. 71 or B. coli -
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communior (185, . 1i.e., more than half of the totallnumbér
of cultures lsolated), 34 6r B. coli communis Escherich
(69), 1 (23), 72 (14), 35 (11), 4 (8), 5 (5), 107 (&),

106 (3), 2 or B. acldl lactici (3), 100 (2), 33.(1),

and an atypical stréin‘(l).: In faeces of humen origiln a
similar condition oxists, the moét}pfevalent coliform |
6rganisms_ére:typical B.- coll, and‘of these nos.71 and 54;'
are mosflffequently found (Muir‘and-Ritchie 1937; Cruick~
shank and Cruickshank -1931; Hay 1932). The twelve other‘
cultures belonged to the following MacConkey types, the
figure 1in brackets indicating the number of each type
obtalned: nos.103 (&%), 65 (&), 7 (L), 67 (1), 68 (1),

73 (1), 74 (1) and 108 (1). TFour of these cultures were
obtained from the one specimen.

Cultures of aerogenes~cloacae and other Koser-
positive tYpes were therefore seldom obtained from bovine
faeces by the ordiﬁary methods of isolation. The guestion
then arose as to whether this was due to their rare oceury -
ence in bovine fasees or to the fact that they were presani
In such small numbers as to render thelr isolation diffi-r
cult by the ordinary methods. Consequently the work was
continued with the object of.detQPMining to what extent
théy could be obtained from bovine faeces by using methods

of isolation sultable for their enrichment.
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IT. The Inclidence of Asrogenes~cloacae and other

Koser-pogitive types in bovine faeces, as
determined by the use of enrichment methods
of isolation.

- One hundred specimens of bovine faseces were
examined;;ﬁbsarlpOSitive cultyres bging isolated from
ninety-five of them byivaribué enrichﬁent‘methods. Fifty
of the $pééimens were obtained during summer when the
cows were at pasture, and fifty dufiné winter when the
animals were confinad to byres. The specimens were from
various cows on four farms. The same procsdure wasladopt;f
od with regard to colléctiop of the specimens as 1In the |
brevious work.

The following methods of 1solation were employed§
() preliminary enrichment in Koser's fluid mediﬁm, (b) J
preliminary enrichment in a fluid medium containing
brilliant green, (c) preliminary enrichment in Koser's
fluid medium plus copper sulphate, and (d) stroked plates
of Simmons' citrate agar. |

Inrichment In Koser's fluild citrate medlum

prilor to stroking on a blle-salt lactose agar plate.

A tube of Koser's fluld medlium was inoculated with the
faecal emulsion. (For this primary culture at first

20 ml. of Koser's medium and ten loopfuls of the faecal
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emulsion were used, but later only 10 ml. of the medium
and three large loopfuls of the faeces). When growth
was apparent, usually after 18 or 24 hours' Incubation, ,
a subculture waé made Into another tube of Koser's medium;?
a smaller amount:of inoculum being used than that employé@‘
for the primary culture. If the second tube showed tur-
bidlty (a>positive Koser reactidn);-énother subculture

was made similarly in the same medium. When the third
Koser tube gaﬁe a positive reaction, the culture was tesﬁéi
‘ed in bile-salt lactose bouillon, and if acld and gas were
produced 1t was stroked on a bile-salt lactose agar;&até.fﬁ
A colony from thevplate was subcultured in bile-salt
lactose bouillon and iIn Koser's cltrate medium. If thé :
reactlons in both cases were posltive, the culture was
again stroked on bille-salt agar; a colony was tested In
lactose bouillon and in Koser's medlum and then a sub-
culture made on an agar slope. If a culture failed after -
elther the first or second plating to give positive ren‘
actions in both lactose boulllon and Koser's medium,
fresh subcultures were made from other'coloniés on the
plate. At first an incubation temperature of 57°G¢. was
used in this and the other enrichment methods, but later.
it was reduced to 3000., as 1t was found that colonies

of Koser-positive types developed to a greater extent at
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thlis temperature than colonies of B. coll types.

As a rule no attempt was made to isolate more
than one culture from each speclmen by this method. In
thirty-elght specimens no cultures were lsolated, 1in
splte of the fact that in most instances cultures were
obtained by one or more of the other enrichment methods.5;3
Failure to obtain cultures was dus to ‘the following
factors.‘(;) Culﬁur@s were frequently obtained which
proved on replating and further examination to be mixed
cultures of Koser~-negative coliform types and Koser-
positive non~-coliform (especially Proteus) types. This
difficulty was overcome to some extent by retaining the
plate cultures for some time after subcultures from the
colonies had been made. The subcultures were tested as
usual in lactose bouillon and Koser's medlum, replated
and tested again in lactose boulllon and Koser's medium. |
Then, 1f they falled to give positive reactions in both -
these media, fresh subcultures were made Ifrom other
colonies on the primary plates. However, as the work
progressed and experlence was gained, Koser-positive
colonies could be plcked off from the plates with a
greater degree of certainty, especlally if the plates
were kept for 24 hours at 30°G. and then for several days

at room temperature before the colonies were examined.
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(2) Trouble was experienced in isolating cultures from

some of the plates owlng to the abundant growth of Pro-
teus types, which had not been eliminated by the sub-
culturing In Koser's medium. It was found that growth

of such organisms in Koser's medium could be prevented by .
the additiqﬁ'df copper sulphate (Allisbn and Ayling 1929) .
(see enrichment method (¢).) A1l the Koser-negative cul- .
tures of coliform bacteria obtained during this section -
of thﬂ-work, i.e. by these enrichmén£ methods, were diseﬂ
carded and are therefore not included in Tables 2y .

(page 147) and .3 (page 148).

Enrichment in brilliant green peptone-water

be fore plating in bille-salt lactose agar (Mulr and Ritchile

1937, Browning 1918). Preliminary experiment had shown
that the addition of 0.7, 1 and even 1.5 ml. of a |

1 : 10,000 solution of brilliant green to 10 ml. emounts
of peptone-water, which had been inoculated with.bovine‘ 
faeces, was Insufficlent to eliminate B. coll types, a
fact which was probably due to the effect of the large
quantity of extraneous matﬁer introduceé with the 1noculuﬁﬁ
Consequently the practice was adopted of subculturing
twice in fhe brilliant green medium. As primary cultures;
several large lcocopfuls of the faecal emulsion were in- |
cculated into two tubes containing 10 ml. peptone-water

plus 0+7 and 1.0 ml. of a 1 : 10,000 solution of brilllant
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green respectively. Then, after 18-24 hours' incubation Qf;
at 30°C., a subculture was made from each into peptone- .
water containing the same.ccncentration of the dye as thafg%
primary culture. At the same tima.plates of blle-salt ;
lactose agargﬁaréist%bkédQ’Ths secondary cultures in pe?féﬁé
water weré ihqubﬁtéd for 24 hours and’ then stroked onlbiiaés
salt agar. ' Ther§ ﬁaratthgreiore’two:péirs of plates,,onéfﬂ{
from the~p§iﬁary'aﬁdlﬁﬁe other ffoﬁ»th@ secondary cﬁltuﬁe%fﬁ

The plates were Incubated at 30°C. and one colony from

each was tested in bile-salt lactose bouillon and Kbser's{fé

fluid citrate medium. If positive reactions were obtained*fff

the culture was replated on bile-salt lactose agar, a
colony was subcultured from it and tested in bile-salt.
lactose bouillon and Kbseris mediuvm. If the reactions
were positive, the culture was transferred to an agar
slope. Only one culture as a rule was 1lsolated by this
method from each primaqy and secondary culture. Kbsere
negative streins were occaslonally obtained, but were diééii
carded. As wlth the Koser fluid enrichment method, the 5*t;
plate cultures were retained for some timé, 80 that in the;;
event of the subcultures'fram the colonies’proving to beﬁ\lf
Koser-negative dther subcultures could be made.

In the examination of the last fifty specimens

(the winter specimens) the method was modified as followé%{;
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Two primary cultures were made in peptone-water contain, _ﬁ
ing 1.0 ml. of the dye, the lnoculum bainé in the one‘tnffi
stance three large loopfuls of: the semi-fluld faecal -
specimon and in the other twlce or three times fhat~quané5%
tity. After 18-24 hours' Incubation at 50°C. secondary
cultures were made from each in peptone-water containing fj

1.0 ml/ of the dye. Plates of bile-salt agar were stroked

only from the:secondary~cultufés.':T@éjsubsequent pro—;_L{{
cedure wésfﬁhausame~as preViou3lysdetéi1ed. Cultures w&réi
not obtainéd by the varioﬁs brilliéntigreen snrichment | ;’
methods from nineteen of the 100 specimens, although theygf
were 6btained from fourteen of these nineteen specim@né%iff
by one or more of the other enrlchment methods. .

Enrlchment in Kosger's fluld medium containingﬁ_«

copper sulphate prior to plating on bile-salt agar.

Trouble had been experienced in isolating'Kbser-positivéfii
cultures by enrichment in Koser's medium owing to the=~ :
abundant growth of Proteus types. To overcome this
difficulty a sterile coﬁper sulphate solution was addedf_;z
to the medium after sterilisation (Allison and Ayling 3
1929). At the outset 1 ml. of a 1 : 100‘solution of
copper sulphate was added to 10 ml. of Xoser's medium,\
giving a concentration of copper sulphate in the=medium‘-

of 1 : 1000, but in the later work only 0.5 ml. was aadedgf
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yvielding a concentration of 1 : 2000. The 1atterﬂpro~
cedure gave the more successful results. Cultures were
not obtained by thils method from fifty-seven specimens.

Stroked plates of Simmons' citrate agar.

Attempts wore made to 1solate Koser-positive cultures by
stroking plates of Simmons!' cltrate agar with loopfuls
of the fascal emulsions (Slmmons 1926). This method, how-
ever, was dliscarded, as it was found that Proteus types
grew well on the plates and also that colonles of Koser-
negative coliform organiém& were frequently present. The
growth of the latter on the citrate agar was probably
promoted by the presence of extraneous orgsnic substances
Introduced along with the inoculum.

Results,

Bf the 100 specimens examined by these enrichment
methods, Koser-positive coliform cultures were obtained
from ninety-five. The failure to obtalin them from five
specimens was possibly not dua to their absence from the
faecos but to the faot that the proper colonies had not
been subcultured from the plates. As already mentioned,
in many Instances subcultures from the colonies gave
positive Koser and lactose reactions, but on replating they

proved to be mixed cultures of Koser-negative coliform
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types and Koser-positive non-coliform types, most fre= -
quently‘Proteus.

‘In Table "2, page 147,1s shown the number of
Koser-positive coliform cultures isolated during the
various periods, the cultures belng arranged according
to the same biochemical reactlons as in Table .3, . page ;ii
148. Aéznotcorrelayion could béfobéervéd between the
frequenciqg_of-the:fypes obtainéq énd the various en-
richmenttméthpdsléf iébiéﬁioﬁ, the;cﬁ1tures are nob
grouped“according to method of isolaéiéﬁ used. It Wili*frk

be seen from the table that in each of the perilods most Jjj

of the cultures belonged to sub-groups 6 and 8, l.e.,

they were of B. cloacae and B. aerogenes types. The

latter predominated In the summer and the former in the i
winter. However, there appeared to be no signiflcant
difference hetween thelr relative frequencies for the twbi%
periods, and almost the same nﬁmbervof cultures of each };;
(eighty-three in the case of B. cloacae and eighty-six |

in the case of B. aerogenes) were obtalned during the

whole period. It is noteworthy that while elghty inositéiif
fermenteré and fortyw-eight inositol non«fermentersfwere S
1solated during the summer, forty-four of the former and

elghty~one of the latter were obtained during the winter;.f;

i.e., practically the numbers were reversed. No reason
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can be gilven for this variation. :

The following are the types of MacConkey which ;;?
were obtained, the figure in brackets being the numbers ;ﬁfé
of cultures of each isolated: no.108 (56, two being of 
anasrogenes type), 103 (37), 67 (18), 73 (15), 98 (13),

109 (13), 7 (10), 65 (10), 102 (8), 69 (6), 75 (8), 101 ?
(6), 66 (5), 104 (4), 56 (3), 68 (2), 97 (2), 8 (1), and
74 (1). :Tﬁerevwera thifty-se#en étypical strains. . Eigﬁiii
o thes?}iw&é B.. coll typ os (Me.cConkey's types, nos. r71,1
and 5) giving atyplcal (i.e. positivé)’Kbsef reactions. i

Bilologlcal characters of the cultures. The bio?:ﬁf

chemical reactions and motillity of the cultures isolated'“;;
are glven in Table :3, page 148, all the cultures shown

in Tables 1, end 2, being Included. The lactose, gludbS;?
mannitol, raffinose and methyl-red reactions have been »

omlitted from the table for the following reasons. ' The

lactose, glucose and mannitol reactions were positivé iﬁfiéﬁ
all instances. The raffinose reactlons corresponded vér&ffi
closely with the sucrose. The methyl-red reactions as %

a rule were positive when the Voges~-Proskauer were negaé}“*ﬁ
tiﬁe, and they were negative when the Voges-Proskavery Wbrefﬁ
positive., The majority of the cultures which were eXF L

ceptions to this rule were indole-negative, nges—Proskaﬁerfé

positive types, giving as a rule neutral methyl-red re-
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actions, as was noted in the previous investigation

(Malcolm 1933). The gelatin reactlon has been omitted, aggﬁ

it is not a satlsfactory criterion for the diff@rantiatiQn) 
of coliform types. BSee page 135. It 1s, however, note$ :ﬁft
worthy that a fairly high proportion of cultures of ciassié;
gelatin liquefying types, LRY-2F MacConkey's types, nos. R
65, 73, 97 102 and 108,fﬁiled to 1iquefy gelatin even.

after prolonge@_inqubation at 37°C. or lower temperatureézfi
Thus, witﬁlﬁégard‘to theffo@pyhseﬁen‘éulturea of thﬁsef;;i;;
five typé§”i831;£ed ﬁy fhe‘enrichmeﬁé méthods during thejif%
summer perlod, fifteen falled to liquefy gelatin.

The biological characters of coliform organisms;‘t;
are fully discussed in Section IV, page 93, in dealing
with cultures isolated not only from bovine faeces but -
also from other sources. A brief statement however_is.

glven here with regard to the characters of ths faecal

cultures alone, %.e., the cultures included in Table 3i:
The Voges-Proskauer-negative cultures were in most in=
stances Koser-negative (330 out of 393), inositolnnegative f
(372 out of 593)'and indole-positive (352 out of 393). |
The Voges—Proskauer—positive cultures were always Kbser-_f*g
positive, and most frequently Indole-negative (1756 out

of 202); 111 were inositol-positive and ninety-one inosi-fiﬁ

- tol-negatlve. The Koser-negative cultures were iﬂvariablyff
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Voges~Proskauer-negatlve, inositol-negative and indole-
positive, i.e., they werse in all cases typical B. coli.

The majority of the Koser-positive cultures were Voges-
Proskauver-positive (202 out of 265) and indole-negative |
(216 out of 265); 133 were inositol-negafive and 132
inositol-positivef As regards the ‘non-inositol-ferment-
ers, the indoie-ﬁegaﬁi%e cultures wéré'always Koser -
pogltlve but the indple-positive cultures were most fre-
quently Kbéarfhégative (550 out of 347). The non—inositol»i
fermentihg cultures were also In moét instances Voges-~ |
Proskauer-negative (372 out of 463) and indole-positive
(347 out of 463). Moreover, they were as a rule motile o
and adonitol-negative; the only cultures which were
adonitol ~positive and'inositol—negative, were MacConkey's
types, nos. 1, 2, 33 and 100. The inositol -fermenting
cultures were Iinvariably Kbser—positive.‘ This applied

even to indole-positive inositol-fermenting types, e.g;,v
MacConkey's nos.65, 97 and 101. The inositol-fermenting
cultures were also in most cases Voges~-Prosksuer-~positive
(111 out of 132) and indole-negative (100 out of 132);

they produced mucold colonlies and were as a rule nonmotile,
adonitol ~-positive and sucrose-positive. The motile
inositol -fermenters were chlefly atypical (inositol-posi- .

tive ) cultures of MacConkey's type no.108, and cultures



of type no.102. ALl the indole-negative cultures lsclated
from the faeces wereﬁﬁbsernpositive,_and ﬁost of them were 
Voges-Proskauer-positive (175 out of 216); 116 were
inositol-negative. The indole-positive cultures were
most frequently Koser-negative (330 out of 379), Voges-
Proskauver-negative (352 out of 379) and Inositol-negative:
(347 out of1$79).' | A- |
© With regard to Table 3,  the cultuves of sub-
group 1,,1.9}, B. 0011 types, iqcludéd MacConkey‘s types,
nos. 1, 2, 4, 5, 55, 54, 55, 71, 72, 100, 106 and 107.
Most of the cultures in this sub-group were motile (292
out of 330) and only thirty out of 330 gave positive
adonitol reactions. The majority of the cultures were
posgitive In sucrose and dulcitol, and all were lnulin-
negative. The cultures of sub=-group 6, i.e., B. cloacée’  
types, included MacConkey's types, nos. 69, 73 and 108.
Cultures of types nos. 3 and 105, which alsc belong to
this sub~group, were not obtained. Most of the cultures? '
(éighty—two out of ninety-one) were motile and only three
fermented adonitol. They all gave positive sucrose re-
actlons., Six of these B. cloacae cultures were atypical
In that they produced indole, (See page 115). The cultures
of subw-groups, nos. 2, 3, 4 and 5, were intermedlate In ..

type between the B. coli and B. cloacae sub-groups. The.
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cultures of sub-group 3 included MacConkey's types, nos.
7, 36, 74 and 109; those of sub«group 4 Iincluded type |
101l; those of sub-group 5, l.e., B. friedl¥nderi types,
included type no.688 and a type similar to no.104 but
differing from it in inositol reaction. No cultures of
type no.70 (sub-group 3) and no .99 (sub~group 5) were
obtalned. The qultures of sub=-group 8, B. aerogenes tyﬁaé;'
were MacConkey's types, noé.67, 98 and.103. WNo cultures-‘ﬁ
of type noflOB’(subngroup 8) Wére iéolated. In most .
instance#;thg cultures:of subngroup,s were nonmotile.

Only a few cultures (five out oi‘ninéty) failed to ferment:
adonitol. They all fermented sucrose. The cultures of
subugroup 7, .., B. okytocus types, Included MgcConkey's
type, no.65 and a type similar to no.9%7, but differing -
from 1t In Inositol reactlion. These cultures resembled P
B. aerogenes, apart from the fact that they produced in-.

dole and 1in many cases liquefied gelatin.

DISCUSS ION

Regarding the incldence of coliform types in ,
bovine faeces, it has been definitely established by the .
work of numerous Investigators that the typical B. coll
are the most prevalent and characteristic types of coliu”‘

form bacteria 1in faeces of human. and anlmal origin.
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Cultures of these types can be isolated from most, if not -
all, specimens of faeces. The results of the present
investigation are In agreement with these flndings.
Typical B. coll cultures were obtained from 107 out of
- 114 specimens of bovine faeces. Fallure to obtaln them o
in seven speclmens was very possibly due, not to their
absence from the faeces, but to various factors which
prevented their 1solation, 0. g., overgrowth of Protous
and other organismu in the cultures (Dorner (1926) fre-
quently fa¢1ed to obtain collform organisms of any type
from specimens qf bovine faeces). The particular
MacConkey types which were as a rule obtained were those
which are also found most frequently in humen faeces, |
namely, nos.7l and 34 (Mulr and Ritchie 1937; Cruickshank  
and Crulckshank 1931; Hay 1932). o

With regard.to the aerogenes-cloacae types of
coliform bacteria, there 1s still a difference of opinion_i
as4toltheir incidence in human and animal faeces. Accord;t
ing to the findings of most workers, such types are |
seldom present in faeces,‘but are the most prevalent
coliform types in the soll, on plants and grains and In
water. These investigators conclude that such bacterila
are not normal Inhabltents of the human and animal in-

testine, and are consequently to be regarded as non-fascal
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orgenlsms. On the other hand, other workers have fre-
quently obtained aerogenes-cloacae cultbures from faeces.
(MacConkey 1905, 1909; Rogers, Clark and Lubs 1918; Allen
1923; Dorner 1926; Ford 1927; Shermen 1935; Crulckshank
and Cruickshank 193); Hay 1932). The results obtained
in the present invesfigation are in accordance with the
findings of the latter group of workers. Whlle B. aero-
genes, B. cloacae and other Koser-positive cultures were_l
seldom obtainsd from specimens of bovine faeces by the
ordinary methods of 1solation, they were found in most
specimens when special enrichment methods were used.
Accordingly it would appear that such organisms
are normally present In the intestines, but in small
.numbers compared with B. édxirtypes. Further, the fact
thatithey cannot be readily isolated by the ordinary
ﬁéﬁhods,‘in“both summer and winter faeces, shows that as
Aa'fuie th@y'dccur‘relafivelj scantily in faeces, no
matter whether the cows are at pasture or recelving
house -feeding. It was found that they could be obteined
much more réadily from the speclmens from particular
cdws. Thelr apparently greater incildence in these speci-
mens could not be accounted for by differences in the |
feeding and treatment of the cows, as such specimens were

met wlith both In the summer and winter perlods. Further,
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only one or tﬁo gpecimens might exhibit this pecullarity
out of a set of ten specimens obtained simultaneously
from the same farm from cows recelving the same feeding
and treatment. Dornef (1926) found that the number of
coliform ofganisms‘(boli-aerogenes~cloacae types) in
faeces varied greatly with Individual cows, and that
this variation could not be attributed to the feeding,
consistency of the faeces or intestinal condltlons. On
the‘other hand, Hay (1932) found that the relative numbers?
of B. aerogenes types In humen faeces were greater in
diarrhoeal conditilons. |

Tt may be concluded that although aerogenes-
cloacae types may be the most prevalent coliform orgéniéms"
in s0il and on fodder and grains, they are also normal
inhabitants of the intestines, are commonly present in
faeces, and therefore they cannot be regarded as non«faecai

bacterié.
SUMMARY -

1. In an exemination of the coliform flovs of 114
gspecimens of bovine faeces; 342 cultures of coliform
bacteria were isolated by ﬁhe ordinafy me thods. Of the
cultures obtained, 330 (or 96.4 per cent.) were typical

B. coli and only twelve (or 3.5 per cent.) were of B.
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asrogenes, B. cloacae and other Koser-positive types.

The most prevalent typss of B. coll were MacConkey's
types, no.7l, or B. coll communior (185 cultures or 56
per cent.), no.Sé; or B. coli communis Bscherich (sixty- -
nine cultures or 20.9 per cent.), and no.l (twenty-three
cultures or 6.9 per cent?).

2. ’Ohe hundréd*furthér spédimens,of bovine faeces
were examined by various enrichment methods, 253 cultures
of B. aerogenes, B. cloacae and other Koser-positive
types of collform bacterla being 1solated from ninety-
five of them. Eighty-three (or 32.7 per cent.) of the
cultures were of B. cloacae btypes and eighty-six (or 33.9
per cent.) of B. aerogenes types. It would appear, there-:
fore, that Koser-posltive coliform organisms are prac-
tically always present in boviﬁe faeces, although they
occur normally in small numbers. Various workers have
found that a similar state of affairs obtains for huméh
faeces,

5. There was no significant variation in the types
of coliform bacteria in the faeces wilth winter and summer
conditions.

4. Aerogenes-cloacae types cen be enriched prior
to plating either by means of (a) peptone-water containing,-

coertain concentrations of brilllant green, or (b) Koser's
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fluid citrate medlum. More than one subculturing (two
in the case of brilliant green peptone-water and three
in the case of Koser's medium) in the enrichment medium .-
gives the most s&tisf&étoryfresults. Proteus types grow
abundantly in.Kbser's medium, but are checked by the
addition of 1 : 1000 to 1 : BOOOHcopper sulphats .

5. . A very high correlation was gﬁown between
various biological characters of the fascal cultures,
8.8., the Voges-Proskauwer and methyl-red reactions; the
Koser and indole reactlons; the inositol and adonitol
reactions; the inositoi reactlion and motility; the

sucrose and raffinose reactions.
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SECTION IIT.

W ey es s Gc W fve Gy DEl DN) iy e BE WIS WS G e me W

THE ENRICHMENT OF AEROGENES-CLOACAE TYPES in
. MILK held at LOW TEMPERATURES: WITH OBSERVA -
. TIONS on THE RELATIVE RATES of GROWIL of
- APROGENBS-CLOACAR and B. OOLLI TYPBS in MILK
‘at DIFFERENT TEMPERATURES.

 The ocourrence of aerogénes—cloacae types In
practically(all the faecsal specimens showed that bovine
faeces might constitute an important primary source of

such collform types Iln milk, for though they mlight be

énly scantily present in faeces, 1t was possible that theSé?f

- organisms, beiﬁg relatively resistant, might become en-

riched in the utensils and elsewhere and in the milk. Thisng
part of the investigation was therefore carried out to find

whether aerogenes-cloacae types might not become enriched <ix

In milk held at low temperatures, such a2z are used Iin

dairy practice.

1. Rate of multiplication of pure culturea of
coliform organiams In mllk held at 17° @.

Seventy~five cultures of various types of <V3c::»fl.:l«-~’~“'g

form bacteria (B. coli, B. aerogenes, B. cloacas and B.

oxytdcus)_were used in this experiment; thirty-one of théséfﬁ

cultures had been obtained from milk, twenty-nine from -
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bovine faeceos, six from bovine urine and nine from human
sources. Twenty-two of the cultures had been in stock

for several years, the remaining fifty-three were rscently 
isolated. In all'instanca§,~bafore belng used In the
expariment; the éultures Werétsubpultured daily at 37°C.
for seven or elght days on yeastfel milk agar (Wilson

1935) slbpes{ Then from édéégﬁours} old agar slope culmw
ture, a saline suspension was prépafed; a 1/100,000 dilu-
tlon of the suspension was made in sterile water; and 1‘@1,
of this dilution was added to 50 ml. of milk, which had :
been'partially or completely sterilised. (Partial ster-
ilisation was carried out by a single heating of the milk
for over half an hour in a Koch's steam steriliser, follow-
ed by irmmediate cooling to 5°¢G. Complete sterilisation B
was carried out by the intermittent method. There was no |
signlificant variation in the results of the experiments '
according to the method of sterilisation employed). In

the létter part of the investigation the amount of ino-
culum was reduced and steps were taken to ensure that in
different experiments the milk would be inoculated with
approximately the same number of bacteria. Thus the

saline suspenslons, prepared from the agar slope culturés;
were standardised to contain approximatsly 300,000,000 |

organisms per ml. by the opacity method of Brown and
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Kirwan (1915). Consequently, In these experiments the
1/100,000 dilutlion contained roughly 3,000 bacteria per
ml. and the inoculated milk sixty per ml. However, in all.
instances the bacterial content of the inoculated milk
was'detafﬁined by»the%piating meﬁhod,'plates beilng made ‘
in yeastfel'ﬁilk agar with 1 ml., 0.1 ml. and 0.01 ml. of .
the milk.: At filrst thé‘i:ml. and 0.1 ml. plates were pre-
pared in duplicate, and the 0.0l ml. plates in quintupli-
cate, (Malcolm 1932), but later, when the amount of in-
oculum was reduced and standardised, the 1 ml. platss wereti
made In quintuplicate end the 0.1 ml. plates in duplicate, -
and no 0.01 ml. plates were used. (The 1 ml. and 0.1 ml.
plates were prepared by measuring 1 ml. and 0.1 ml. of
the mllk into the respective Petril plates; the 0.0l ml.
plates, by adding 1 ml. of the milk to 99 mli. sterile
water and transferring 1 ml. of this dilution to eacﬁ
plate). The plates were incubated at 37°¢. for 48 hours
and the colonies counted.

The inoculated milk was Iincubated at lVOC., this ~
being the lowest temperature that could be obtainea by -
the low temperature incubator in use at the commencement
of the experiment. (This temperature corresponds closely
with thé temperature at which milk of the "Tuberculin

Tested" grade and ordinary milk 1s held and marketed in
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Scotland in summer, but 1t is higher than the temperaturei;
frequently found in the case of ﬁCertified" milk. In
accordance with The Milk (Special Designations) Order
(Scotland), 1936, "Tuberculin Tested" milk must be cooled i
to 60°F. or 15.5°C., and "Certified" milk to 50°F. or
lOOC). After the milk had been incubated for 24 hours,
anothar.bacterialmcount was made. In the earlier part
of the ‘investigation dilubions of 1/1000, 1/10,000 and
1/100,000 were prepared to ehable duplicate plates for
0.001 ml.; quinfuplicate plates for 0.0001:ml. and dup- .
licate pléttes for 0.00001 ml. quantities of the milk to
be made, but later when the amount of the inoculum was
reduced, dilutions of only 1/100 and 1/1,000 were made,
guintupllcate plates being prepared for(LOl ml. of the
milk, and dupllcate plates for 0.001 ml.
The results of thls experiment are given in

Table 4, page 149. The inltlal and final counts are showh‘_
and also the ratios of the latter to the former. It will
be seen from these ratios that in all instances the B.
aerogenes, B. cloacae and B. oxytocus cultures have mul-
tiplied more rapidly than the B. coll, and in many cases,
at much higher rates. But considerable variation in thef 
rate of multiplication 1s shown by different strains of

the same coliliform sub-group. Thus the ratio of the
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final to the initlal count varies with the B. coli cul-~
tures from nineteen to 427; with the B. cloacae, from
648 to 6264; with the B. oxytocus from 829 to 8600, and
with fha B. aerogenes from 577 to 3905. DNo significant
dlfference was observed in the rate of multlplication
according to whether the culture had been in stock for
several years or had been recently isolated. |

) There was a posslblility that_ths numbers of
coliforﬁ'béqterialin the milk; as eétiﬁated by the plating
method, might.be affected by the oqcufrence of the organ~ 
fsms in clusters, instead of separately, in the liquid.
This however did not appear to be the case with the
initlal counts, because, as will be seen from Table 4,
when standardised susgpensions were used for inoculating
the milk, there was a falrly close agreement between the~ 
Initial counts of the various bottles of inoculated
milk, and these counts also agreed closely with the
estimate based on the count to which the primary sus-
pensions were standardised by the opacity method. NeverF;
theless, there was a possibllity that clumping of the
bacteria might occur in the milk during the period of
incubation, 1.e., while the organlsms were growing aﬁd "
multiplying. To determine whether this was the case a |

further experiment was carried out, employing thirty-two.
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of the cultures used in the prévious exberiment, fifm;ﬁ.
teen of these cultures being of B. coli types and seveanﬁ
teen of aerogenes-~-cloacas. |
By the procedure already described, standarq;i'vwi
1sed suspensions containing approximately 506»000,090 ?l
organisms per ml. were prepared from 24 hours’ old aéari'if
slope cu1tures. Stailned smear preparations were made_ljﬁ¢
from these suspensions and examined microscoplcally to |
confirm the fact that the organisms did not occur in
clustars:‘_The suapensions~were‘then diluted 100,000 |
tinmes aﬁd llmi._amoqntﬁ transferreﬁmﬁo bottles contain—j;f
ing 50 ml. of partially sterilised milk, as in the pre-
vious experiment. As the inoculsated milk contained _i 
roughly sixty bacteria per ml., it was not possible to)tf:
determine by milcroscoplic examination whether clumping‘
6f the organlisms had occurred on the addition of the
Inoculum to the milk; but, as previously mentioned, thg!ﬁi
fact fhat the plate counta agreed falrly closely with
this estimate showed that clumping had not taken place.jf;
The bottles of Inoculated milk were incubated
at 17°C. The period of incubation was extended to thrééfg
days to allow the bacteria to multiply to such an extentgf
that on microscopic examination of stained smesars from ke

the milk a considerable number of organisms would occur
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in each microscopic field. There was the additiongl
advantage that should there be any tendency of the
organisms to form clusters, the effect of this would

be much greater after 72 hours’ incubation than after =

_only 24 hours. Stained smear preparations of the‘milki?z
‘~were made afber 48 hours and 72 hours’ incubation and L
wthese Were examinad microscopically to determine whathef
- the organisms occurred in clusters or not.

Microscopic examination of the primary sus=-

pensions and of the milk cultures after 48 hours and e

e hours’incubatiqn showed that in all 1lnstances theréi;;

was no tendency to clumping. The organisms occurred Jfaf
in the smears either singly or in pairs. Clusters weféfi
very rarely observed and these in all cases were sﬁall{;;
in size. Accordinglj, little or no importance can béi £
attached to the effect of clumpling on the coliform
counts obtained in the previous experiment.

The marked bacteriostatic action of fresh "raﬁ&Qf
milk on certaln organisms 1s destroyed by boiling.- B
Consequently there was a possibility that in the first ﬁ:

experﬁnent the rates of multiplication of the various

vooliformyorganisms might have been different 1f fresh o
unheated milk had been used instead of milk heated to .
lOOOC. to effect sterilisation. The experiment was

therefore repeated with fresh raw milk. A cow proved
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to be free from mastitis was selected from which to
obtain milk of & low bacterial content. The cow's
udder and teats and the‘workar's hands were carefully
washed with sntiseptic. A considerable quantity of
milk was discarded from each teat, then part of the
remainder drawn directly into large sterile bottles. |
The milk was cooled immedlately by immersing the botthéé
in cold water; thereafter brought to the laboratory andf?
placed In a refrigerator. Then four hours after milk- .
.'153, thevspeciméh w&s“thbréuéhly mixed and distributed;;:
;‘“in-46,ﬁ1§1amounts‘in s£er11e4glass—stoppered bottles.ff%ﬁ
. The‘difféfent lots ot‘mi}k»Were then inoculated, as ihff;
“the first experiment, from standardised suspensions of]{é
pure cultures of coliform bactéria. In this case, how- %
ever, owing to the fact that other organisms might be
present In the milk, a heavier lnoculation was made to
ensure thaf the coliform Organisms would preponderate. ;g
Thus each bottle of milk was inoculated with 1 ml. of )
the 1/10,000 dilution of the primary suspension of the
organism instead of 1 ml. of the 1/100,000 dilution. =
Tﬁéntyhnine cultures of different coliform organisms
were used In this experiment, thirteen of theses culturééf
wére of B. coli types and sixteen of aeroganas-clbacae;;i

As control, two bottles of millk were not lnoculated.
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The bacterial numbers present in the inoculsted milks;

and in the controls were then determined by the plat4 Hi3
1ng method, triplicate plates being made with 0.1 ml.j
and 0.01 ml. quantities of the inooulated milks and .~
with 1 ml., 0 1 m1u~and 0. Ol ml quantities of the

controls. ‘The counting was carried out after the - . ' .
plates had been incubated at 37°C% For 48 hours. The £?;
number of coliform organisms with which each bottle of;fé
milk had béen inoculated was then calculated by.sub- !J‘i
tracting the average bacterlal content of the two
controlsr(ZBE organisms per ml.) from the bacterial

content of the inoculated milk.

The bottles of Ilnoculated milk and of the cdn* 5

trols. were kept at 1727C. for 24 hours and then the -

number of organisms in each again determined. 1In this
case plates were made with 0.001 ml., 0.0001 ml. ande
0.00001 ml. quantitles of the inoculated milks and
0.01 ml., 0.001 ml. and 0.000L ml. quantities of the .
controls. The plates were incubatsd at 37°C. for(és‘:

hours and the counts made. The final coliform count'.

of each botﬁle of inoculated milk was then calculatedﬁJ;g
by subtracting the average bacterial content of the.'z“j;
two controls after incubatlon (2,800 organisms per ml. )
from the final bacterial content of the inoculated

mili,
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The results of this experiment are giveh in
Table 5, page 151. The rates of mulﬁiplication of
twenty-three of tha cultures had been determined in
sterilised milk as well as raw milk end therefore a
compariSOn could be made 1n the Caée of each of thesé
cultures betweeﬁlthe rates“ofvﬁu;tiplication in the
sterilised and in the raw milk; See Table 6, page 152.
Tt will be seen from Tables 5 and 6 that the raw milk
had a marked bacterlostatic action on certain stralns:.
of both B. coll and asesrogenes-cloacae types, the
aerogenes-cloacae types being generally affected to a
much less extent than the B. coli.. (This 1s what one
would expect, taking Into account the fact that the
aerogenes-cloacae types, unlike the B. coll, are fre-~
quently encapsulated). The rates of multiplication of
the various organlsms were on the whole much lower
with the raw milk than with the sterilised. Neverthe-
less, in the case of the raw milk, as in the case of
the sterlilised, the serogenes-cloacae types multiplie@*
as & rule much more repidly then the B. coll. Thus
the flndings of the first experiment, l.e., aerogeneé}f
cloacae tjpes multiply much more rapidly than B. colit
in milk held atflvoc., hold good no matter whether raw |

or heat-sterllised milk is used.



In carrying out the experiment wlth raw milk,‘
the inoculated specimens after 72 hours® incubation at
17°c. were examined microscopically by the procedure
already described, to determine whether there was a
tendency for the organisms to occur In clusters. It _J 
was found éhat even'éfter this prolonged period of
incubatlon there was, with the exception of three
smnainsﬁ of organisms, 1llttle or no tendency to clump- 
Ing, the cells occurring for the most part either
singly or in pairs. Clusters were occasionally ob-
served, but these consisted in many instances of cocci;*
derived from the original flora of the milk. Breed
end Stocking (1920) obtainéd similar reaﬁlts with
'samples of raw milk inoculated with coliform organisms.

The investigatioﬁ was then continued to de-
termine whether simllar results to those of the fore-
going experiments would be obtained if mixed cultures, -
jleach consisting of‘a‘B. coll type and an aserogenes-

cloacae type, were .grown at low temperatures in milk.

2. The rate bf‘myltiplication of B. coli, B.

cloacae, B. oxytocus and B. nerogenes types, . -

when growlng Iin mixed cultures of coliform

types_in milk held at 17°¢.

The mlxed culture in all instances consisted

of a B. coli and an aerogenes-cloacae type. As in the -



-7 -

pravious experiments, saline suspensions of pure cultures
of the organisms were prepared and standardised by the
opaclty method to contaln approximately 300,000,000
organisms per ml. Then 1/100,000 dilutions of the sus-

penslions were made in sterlle water, and the mixed culture{'

was prepared by adding 0.5 ml. of the B. coli suspension
and 0.5 ml. of.the aerogenes~cloacas suspension to 50 ml.

of sterile milk. The bacterial content of the mlilk was

now estimated, the number of each type of organism presenti

being determined by a method, which was based on the fact =

that cultures of aer05enes-cloacae types in many instances:‘

do not grow at 45°C, (See "The growth of B. colil and
aerogenes-cloacae types at 37°C. and 45°C.", page 91 ).

Only those aerogenes-cloacae cultures were used which

falled to grow at thls temperature. The procedure adopted

was briefly as follows:- dilutions of 1/10 and 1/100

were'prepared from the milk, and plates were made in quad--

ruplicate for 1 ml. 1/10 ml. and 1/100 ml. amounts of the

milk. Of each set of quadruplicate plates, two were in-

cubated at 37°C. and two at 45°C. The colonies were count-

od at the end of 48 hours incubatlion. The number of col-~
onles on the plates which had been Incubated at 45°¢C.
indicated the number of B. coli organlsms presént in the

milk, and the number of colonies on the plates incubated



78

at 5700. indicated the number of organlsms of both B.colil
and aerogenas-cloacas types. By subtracting the first
count from the second, the number of aerogenes-cloacae
organiams'prasent in the mllk was obtalned. The ratlo ofkr
the number of bacteria of aerogenes-cloacae type to the e
number of B. coll type was now estimated.

' The inoculated milk was incubated at 17°C. for
24 hours, ané theh a”second‘couny was made of each type»'wi
of organiém present; the procedure being the same as be- '
fore, but dilutions of 1/100, 1/1,000, 1/10,000 and
1/100,000 being employed. The ratio of the number of
aerogenes-cloacae organisms to the number of B. coll was
. estimated. Then by comparing this ratio with the corres-
ponding rétioifOr the initial counts, the relatlive rates
of mnltiblication of the two types of organlisms present
in the milk were determined.

The results of this expefiment are shown in

Table 7, page 153, only the fatio oexprossing the rate of
‘multiplication of the aerogenes-cloacae type relative to
the B. coll type being given. It will be seen from the
table that with forty mixed cultures of an aerogenes-
cloacae with a B. coll type, the former in thirty-four
instances multiplied more rapidly than the latter, while

in only six Instances did the reverse occur. Howsver,
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there were great varlatlons; thus the ratios expressing

the relative rates of multiplication of the aserogenes-
cloacae ahd B. coll types ranged from 90.7 to 0.1 although
the majority (twenty-eight out of forty) were between 25.6
and 2.8.

3. The Influence of temperature on the relative

'rates 6fwmu1tip11cation.of cultures of B. colil

and aerogenes-cloacae types, when growling in

mixed cultures of colifonm typas In milk.

It was evidént from the results obtained both in
the second and in the first ..part of this investigation
that the aerogenes-cloacae types of bacteria general;y
multiplied much more rapidly in milk at 1700. than did
the B. coll typea. Whlle the second part of the investi- .~
gation was 1n'progress, the question arose whether tempérae“
ture had any marked iInfluence on the results. Accordingly,
in twenty-one lnstances the milk, after being inoculated
with the cultures of the two types of coliform bacteria,
and the plates for the estimation ofﬁfhe becterial numbers -

had been made, was divided into four portibns.- These were'
incubated for 24 hours respectivels. at 17 Cos: 2200.,‘50 Co

and 37°C. The number of B. coli and the nnmber of aerc-*f‘

'

gones-cloacae ,An each portion of the milk were @hen}de-;‘7
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termined by the method already dsescribed; and the ratio  ‘;3
of the aerégeneé~cloacae count to the B.'coli and the
ratio expressing the rate of multiplication of the aero~*ﬁi;
genes~-cloacae to that of the B. coll wgre"estimated as
shown on pagé%mﬂfiik
The results of thls experiment are gilven in

Table 8, page 154, only the ratios expressing the relative.zg
rates of’multiplication of the aerogenes ~-cloacas and B. 4
coll types at the different temperatures belng shown.
It will be seen that at: 17°C the aerogenes~cloacae types?gi
multiplied more rapidly than the B. coli in sixteen ine »v:
stances out of twenty; at 22°C., they did so in eighteen“gﬁf
cases out of twenty-one; at 30°C., in only five 1nstancés;g%
out of twenty; and at 3700., in only four out of twenty- “;£
one. Accordiﬁgly temperature has a marked effect on the}fgf
relative rates of multiplication of the aerogenes~cloacaei¥¥
and B. coll types in milk. Therse may be considerable
variati&n between different cultures of the same type witﬁi%
regard to the rate of multiplication at a given tempera—ﬁ5;i
ture, but the aerogenes-cloacae types genereally multiplyﬂ“;f
mors rapidly then the B. coli. in milk held at 17°C. and
22°C., while the B. coli types in most instances multiply g
more rapidly than the aerogenesw~cloacae In milk held at -

30°Cc. and 37°C.
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4, The coliform flora of raw milk, which has

been inoculated with bovine faeces, and held

for 36 hours at 1706.

This experiment was carried out to determine
whether enrichment of serogenes-cloascae =strains occurs
when bovine faeces containing them are inoculated into =
milk and the culture kept for 36 houﬁs at 17°C. The mil#;%
~used in the experiment was unheated fresh milk of the &

Scottish "Certified" grade from farms known to produce

ciean;milk’of low bacterial ecount. On its arrival in theﬁ!l
1aboratéry it was subjected to the coliform test, 1 ml.‘ t§?
quantities being inoculated in triplicate into MacConkeyfsé'
bouillon. Although the results of this test could notf»F%
be determined until the boulllon cultures had been in-
cubated for two days, the milk was used immedlately for
experimental»purpqseé,'the resul ts being discarded whenzﬁ
the ﬁilk was éhown tonggntain coliform bacteria.
Iﬁ“cérrying outlthe experiment, the milk was ,
added in 50 ml. smounts to sterile bottles. The bottles
were then inoculated with different specimens of bovine
faeces, which were from one to thres days old. In the
case of the first six faecal specimens two loopfuls of
the faeces were used‘as the inoculum in each instance.

But with the last six specimens the quantity of the
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inoculum was reduced and varilous amounts were used.
Thus the practice was to prepare a falrly heavy suspensioﬁfé
of each of these faecal specimens in sterlle water andgtqgﬁ;
Inoculate separate bottles of mllk with 1 ml., 0.5 ml.
and 0.25 ml. ofAthe suspension. The bottles of 1noculatedfi
milk were incubated in all instances at 17°c. for 36 |
hours. Then three plates of MacConkey's agar were stroked;;
in series from each bottle and incubated at 37°C. for twolfg
days. Over thirty colonlies were plcked off each set of g
triplicate plates and transferred to MacConkey's bouillon.if
Accordingly over thirty boulllon cultures were obtained‘bf;;
from each bottle of inoculated mlk, 1.e., over thirty
- bouillon cultures from each of the first six faecal
specimens and over nlinety from each of the last six speciﬁpi
mens. The bouillon cultures which produced acid and gas“?ﬁ
weﬁgﬁrep;qted_in MacConkey's agar to ensure their purity.?fﬁ
Then“éisubhculture in"Manohkey's boulllon was made from -
eachfp;ate.-"if ecid and gas were:produced the organisms - g
waré‘ethinedfmicroscopi6ally,-éfter staining by Gram's
meihod, and identified by their nges-Proskauer, Kbser;
inositol and indole reactions. See Section IV, page 95.“&?
The results of this experiment are given in |
Table 9, page 155. It will be seen that in fourteen 1n~£jf

stances out of twenty-four, strains of the aerogenes-
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cloacae and intermediate types together cbnstituted thé‘?7w
gfeater pfoportion of the flora of the milk. In twelvé’ ‘i€
cases the aérogenes-cloacae strains by themselves were M r
in excess of the B. coli, while In other twelve cases théi;?
reverse occurred. With four of the six fascal specimehs_fyf
when 0.25 ml. of the faecalAsuspension was used as the ) F
inoculum, aerogenes=-cloacas strains were obtained from :

the milk, and in three of these .inatances they were theffff
prodominant coliform strains. Accordingiy, although x
aerogeneSucioacae types occur in bovine faeces only in
comparatively small numbers, they become enriched 1n'miigﬁ:§
inoculated with the fasces and held at 17°C. ConseQuenﬁi};f
they are frequently the predominant coliform types in =
such milk. |

DISCUSSION

The significaﬁpeﬂbfvthéSe results with regard S
to the incidence of variousréplifbrm types in unpasteuri"

ised mquﬁt milk requires to be cong;éered and in this

connection the following facts are of importance. |
1. Previous work (Malcolm 1933) has shown that the;ff?

most prevalent types of coliform bacteria in unpasteuriseéé;

mafket mlilk are B. coll communior and B. coli communis |

Escherich and these, according to the results of the
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previous part of the present Investligatlion, arg also .
the most prevalent coliform types in bovine fasces.
Further, there 1s a very high correlaﬁion between thé
relaﬁive numbers of B; coll communior and B. coll
communis in milk and in bovine faeces, B. coll commun~ = .
ior occurring in each case wlth greater frequency than’ ff
B..éoli communis. On the other h&nd, these coliform
typas have been found by numerous Investigators to be
of comparatively rare occufrence on fodder, grain and
in s0il in the absence of recent faecal contamination.

2. It has also been shown (Malcolm 1933) that
the relative freqﬁency of strains of different coliform :E
subugroubs in unpasteurised market milk varies widely B
according to winter gnd.summar conditions. During
winter ﬁi,o ﬁér cehﬁ.‘§f fhe sﬁrains obtained from
speqimepsfof'suchfmilk wére typical B. colil, 18.1
parfpentﬁ were aerogehaércloacae}types and 12.9 per
cént. weré 1ﬁfermediate types, whereas durlng summer
40.4 pér cont, of the strains were typleal B. coli,
32.2 per cent. were Aerogenes-cloacae types and 27.4
per cent. were Intermediate types.

3. In winter there 1s a much greater possibility E

of gross faecal contamination of the milk than in
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summer. This is due to the fact that in Scotland during -
winter thé cows are confined almost entirely té byres,
being allowed out during the day to the flelds only for h;
g brlef period for exercise. In summer they are at B
pasture and are in the byres only at milking time.

4. It has been found in the present investigation ]f%
(d) that aerogenes~-cloacae types as a rule multiply muchéf%
more rapidly in milk at low temperatures, 17°C. to 2200352
than B. coli types, this being the case whether raw or paré
tially sterilised milk is used, and (b) that the coliform
flora of milk which has been inoculated with bovine ' :
faeces and held for 36 hours at 17°C. frequently consistséi
chiefly of aerogenes—cloacae types. These results are E
in agreement with those of other 1nvestigators. Thus,
Rogers, Clark and Lubs'(lgla) quote Ayers as finding thatf}
when' starile milk was inoculated with bovine faeces and if
incubated at 20°C. the serogenes types predominated at _{ff
the time:of éurdling, and they found that this also hol&sﬂi
good for humen faeces. Hammer (1928) states that fhe‘
"A@r@bggtqf'fype" can grow in milk at a lower temperaturéﬂj
then the “Escherikhia type", so that it is of more im= |

portance from the standpolnt of development in milk'underi}
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*  From these facts the inference

ordinary conditions.
may be drawn thet if milk which 1s conteaminated with
faecal matter is kept at temperaturesof from 17°C.lto. :RE
22°C., 1t may ultimately contain Jarge numbers of
aerogenes~cloacae types, even though these orgenisms
occurred scantlly In the faeces. Such a state of af-"llﬂm

falrs 1s liable to arlse in summer, because as previous-f?

ly mentioned 17 C. (65°F ) 1z a common temperature for
farm milk at that period. On .the other hand, milk is B
generally kept in winter at such low tamperatures,-é,gégﬁf
5°C. (41°F.) to 13°C. (55°F.), 1 l.e., at about 10°C.
(50°F. ), that there 1s little or no growth and prolifera~€
tion even of aerogenes-cloacae types. (:Ayers and  ;
Clemmer'a918) and Finkalstain (1919) found that there ’*:;
wag little or no growth of any coliform types in milk o
atgoﬁ'bglow 1000.) Cpnsequéntly the relative 1ncidence:f:
of the different colif;rm types in the milk will tend B
to remain unaltered, and will correspond falrly cloé@lﬁ,ff
with that of the different types in the faeces with *
which it was contaminated.

6. B. lactis serogenes and B. oxytocus, il.e., the

*Wilson (1935) found that when eight mixed cultures of
B. coli and B. aerogenes strains were grown for 24
hours in milk at 220C., the B. coli In all instances .
multiplied more rapidly than the B. aerogenes. But he -
makes no claim that genersl conclusionsg can be drawn

from his experiments owing to the small number of

strains examined.
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encapsulated types of coliform bacteria, are much more

resistant to adverse conditions generally than the non-~ e

capsulated ‘types, e.g., the typical B. coll. Thus

Clemesha (1912), Rogeru (1918), Winslow and Cohen (1918),‘
Gray (1932}, Burke-Gaffney (1933), Platt (1935) and
others, have found that B. aerogenes has greatar powers .
of'resistanqe and canvgeneraily survive longer than B.

coll in water. Accordingly, if milk utensils‘which'haye{
beéome‘cgﬁtaminated with colifonm.crganisms as é,resultft

of faecal contemination of the milk or of the utensils

themselves, are not properly washed and sterilised, the
B. merogenes types will very possibly survive in them to

a greater extent than the B. coll types. This iévsupporﬁf\n

ed by the results of an Investlgation cerried out by th@ B
late Profassor R. H Leitch of The West of Scotland Agri« =
cultural College. In a personal communication he ﬂtatad
that he found that milk 13 frequently infected with coli~¢
form bacteria and especially aerogenes types from the - B
ubtensils.,

In view of these facts and also those, dilscussed
in pages 12 to 15, with regard to the possibility of milk
being conteminated with aerogenes -cloacae types from .
non-faecal sources, e.g., fodder, bedding, cereal grainsvf?ﬁ

and soll, 1t seems reasonable to,supposg that not
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only the typical B. coll, but also the aerogenes-
cloacae types, present in milk are derived to a con- |
.siderablé extent from boqine faeces. The relatively r
higher incidence of the latter 1In summer mllk can be
explained in terms of the foregoing findings as bexng'f;
=dueAto‘a éambination of factors. Thelr greater hardiQag
nagg;wiii_ﬁllow»ﬁhﬁ; fdiéﬁrViveain improperly steril- '
'iséd(utensils, while'ﬁhé'témpefature of the environﬁenti}
in the summer. months will be- almost optimal for their |
multiplication both in tle utensils, e.g., the cans,
stralner and cooler, and In the mllk 1tself. Thus
given faecal contamlination of the milk, for which thér%ii
| 1s abundant evidence, even the .small nwmbers of aero- p
genes types present in the faeces will under these
suitable conditions for growth form large proportioﬁfl?
of the coliform types in mllk during the summer_monthsé;i
They will be, however, relatlively rare in winter wheh_.:
ccnditioné are more suitable for. gross faecal con-
.ﬁémination of the miik, and when owing to the low
temﬁefatﬁra of the enviromment there will be compara-
ﬁ;#ely little growth even of these types of coliform

organisms in the utensils and in the milk.
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SUMMARY

1. Beventy-five pure cultures of varilous types qf;é
coliform bacterila were grown in sterilised or partiallj;i
sterilised milk for 24 hours at 17°C. The cultures of
B,Qaerogenes,;B;yoxytgcus and - B. cloacae types as a s
rulef@pitiﬁliéd much.mora’rapidly than those of the B;-ﬂ;
ccli}fypgsg Simiiar‘results-Were obtained when'twenty;f;
nineiéuituresﬁofiﬁarioué coiifétm types were grown inifi?
raw milk for 24 hours at 17°C. There was generally |
*littlg‘or nQ.ﬁendency to clumping of the organisms 1n?i?7
 the milk, even after 3 days' Incubatlon at 1700. :

2. Forty mixed cultures, each consisting of an
aerogenes-closacae typenand 8 B. coll, were grown in
milk for 24 hours at 17°C. In thirty-four instances
the aerogenesfcloacae type multiplled more rapldly
than the B. coll.

3. Twenty~one of these mixed cultures were alscxrﬂi
grown in milk for 24 hours at 22°C., 30°C. and 37°C.
At 2200., as at 1700., the aerogenes-closcae type
multiplied as a rule mors rapldly than the B. coli,
whiléAat 30°C. and 37°C. the reverse was the case.

4., Twelve specimens of bovine faeces were inocul-.
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ated Into raw milk and the cultures kept at 179C.

for 36 hours.  Aerogenes~cloacae types occurring in
the faeces became enriched in the milk, the coliform
flora of the mllk at the end of the incubatlon period
frequently conslsting chiefly of these types.

5. The greater Incidence of aerogenes-cloacae
types in summerimilk,in Scotland as compared with
winter ﬁilk,ifbund‘in abpre§10us investigation, may
be giplained byfthevfagt-that when milk 1s contamin-
ated‘@iréctly orxihdirectlvaith faeces, these types
beéome enriched at the temperatures of holding cammonm'
1y employed 1in summer. Such enrickhment does not
~occur in winter, the holding temperature of the milk
being as a rule so low that there 1s 1little or no -
prollferation of any collform types. Consequently
the relatilve proportions'éf the various coliform types -

in winter milk tend to remaln similar to those in the

faeces.
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NOTE TO SECTION III.

e W Wa T R Ve B OR M Sws Ga W g MG A G R dme SN WY s

The growth of B. coli and aerogenes-cloacae

types at 37°C. end 45°C.

All the cultures of B. coli type used in 2
Section III. of the investigation grew well in bouillon _%
at 45°C. There was, howevér, 8 possibility that the
agar plate counts of such cultures might be less, if

the plates were Incubated at 4590. then at 37°C. An

experiment was therefore carried out to determine whethéf;;
this was the case. Bouillén cultures of nine differenﬁflé
B. colil strains, which had been sub-cultured daily for jfi
severél days, were plated out on yeastrel milk agar. tzjt
8ix parallel plates were made for each of the followingVaé
quantities of the cultures:- 0.00001 ml., 0.00000l'and>gf;
0.0000001 ml. Thg plates were incubated for two days,‘:;%
three of eacﬁ'set of parallel plates being kept at 3790,
and the remaining three at 4590.J'The‘counts were then Yi
made. The following table shows the bacterial cantentffgf
per ml. of each culture as determined by plating at 37°C§%
and at 45°C. i



Strain 37°C. 45°C.
1. 270,000, 000 280,000,000
2. 160,000,000 150,000,000
S 300,000,000 420,000,000
4. V 205,000,000 - . 500,000,000
5. &~ . % 140,000,000 . “1%0,000,000
6. - 269,000,000 :425,000,000
8. ' ,4103000,000 - 360,000,000
9. - . 450,000,000

710

Bacterial content per ml. of bouillon culture :

when pletes incubated at -

570, 000,000

It will be seen from the table that in most

instances there was 8 close correspondence between the countsj

for each strain. Accordingly with B. coll strains the

accuracy of the plate count is not affected by'employing ég%f;
incubation temperature of 45°C. instead of 37°C. On~the‘“ h
| other hand, it was found that fourteen out of fifﬁy—five‘ L:fi
asrogenes~cloacae strains grew in bouilllon at 45°¢C. ‘Con—ffi
-sequently, this method'of\making a differential count Qf f‘f
B. coli and. aerogenes~cloacae types can only be employéd ff}
‘provided such étypical aerogenes -cloacse straina are abséhg;g
The fourteen serogenes-cloacae strains which grew at 4590;111
wore therefore not used in investigaﬁing the relative rétegﬁ

of growth of Bicoll and aerogenss-cloacae types in milk. %
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SECTION IVv.

S TES wl el U ais S N s L Mk ETS R Ol WY m me A sm el T

THE CLASSIFICATION OF COLIFORM BACTERIA

The coliform organisms comprise & large group ‘
of lactose-fenmenting, Gramwnegative, rod-shaped bhacteria.
While thers is conslderable variation in the criteria
amployed by different workers for the identification of
the numerous types or varieties which exist, the following ;
characters are generally accepted as common to the group:
Gram-negative, non-sporing, serobic but facultatively |
anaerobic, fermenting glucose and lactose, growlng well
at'57°C., and saprophytic but potentially pathogenic. |

In the investigations of the coliform flora of
milk (Malcolm 1933) and bovine faeces (see Bection II,.
page 41 ), 1656’cu1tures of lactose~fermenting coliform
bacteria were isolated, 797 from milk end 839 from bovine
fasces. This figure iIncludes 244 cultures obtained from
bovine faeces during preliminary experimental work. The
cultures were typed according to MacConkey's crlterla
énd Koger's citrate reaction. The types from milk wore
groupea accordiﬁg to the Xoser, indole, Vogea-Proskauer

and gelatin rsactions, but this was regarded merely as a
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provisional and tentative arrangement until such a time
as 1t was possible to make a more detailed study of the
éharacters of all the cultures 1isolated in that and the
present investigation. Accordingly the following obaer-;ixé

vations on the classification of coliform bacteria are .

based on a study of. the characters of 1636 cultures ob-

tained from milk and bovine faecaa.

' The Identificatian of Types.
| All the cultures under examination had the
' following characters: Gram-negative, non-sporing and rodéﬁf?
shaped; capeble of growing under aserobic conditions and ;
at.SVOC; fermenting glucose and lactose with formationlofj“i
acld an& gas, The following additional charactars were
determined :férmentationof sucrose, duleitol, adonitol,
inulin, maﬁnitol, inositol, raffinoss and salicin;»pro-‘ ;;i
duction‘of indole; growth in Koger's cltrate medium; |
Voges-Proskauer and methyl-red reactions; liquefaction'dfg;?
gelatin; and, In many Iinstances, encapsulation. The re~~;?§
actioné In maltose, fructose, galactose, glkycerol and
dextrin were not determined because, as showm by Mackie‘*;;i
(1921), these substances are fermented as & rule by all
lactose~fermenting coliform bacteria.

Methods.

Stained smears were made from agar-slops cultures :
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to find out whether the organisms were Gram-negative,
non-sporing rods. The btests to determine the presence

or absence of mofility and the biochemical reactions were .
then carried out as follows:-

- {1) Motility. Cultures 1in peptone-water ﬁedium

‘were kept at room temperature and examined for motility3‘f:
at 24 and 48 hr. Much better results were obtained by this
method-ther by incubating the cultures at 37°C. and test-
ing for motility at 6, 8 and 24 hr. It was found that

the organisms were generally more actively motile at room
temperature. Cultures which appeared to bhe non-motile R
were retested at least twice, fresh cultures being prepaf§§ 
for this purpose. |

(2):.Encapsulatiom3 Cultures in broth or on agar weﬁg 

ezxamined after 1-4 days' ;ncubation by the method recom-
mended by Howle & Kirkpatrick (1934). The organisms in
the bfotﬂ“oultﬁré'or in a'suspension,ih broth from the
agar-slope or plateAculture were stalned wilth dilute
carbol -fuchsin. Hosin solution was now added to provide J
the background for the demonstration of capsules by
hegative staining. Then a film preparation was made and
allowed to dry. The sllide was examined under the oil-
immersion lens. Good résults‘were also obtained by =

similar procedure, but employing rose bengal (1% aqueous
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solution) instead of carbol-fuchsin; and nigrosine (1%
aqueous solution) instead of eosin éolution. Thils method;fé
_ is fecammanded by Maneval (1934). If difficulty was
experienced In staining the bodles of the cells, a dry,

but unfixed, smear was made from the culture or suspensidﬁéé
md the rose-bengal and nigrésina‘solutions were then apn,ggé
plied as before.

(5) Fermentation of g;ucose, etc. The fermentation

tests were carried out at 3700 by means of Durham's fer- ﬁ;
mentation tubas, the medium consisting of 1% peptone-water :
with Andrade's indicator and 0.5% of the fermentable sub~A £
stance. In the case of lactose, MacConkey's lactose bila;t%
salt broth was used. Incubation was contlinued for 14 e
days.

(4) Production of indole. Cultures in tubes con~

taining 4 or 5 ml. peptone (Witte's or Fairchild's) watarﬂvé
medium were incubated at 37°C. for 10 days and then téstg&}¥
for indole by meahs of Bhrlich's test. Good results were;fi
also obtalned by the use of the Indole reagent employed ~  ;
by Kovacs (1928). This reagent consists of 5 g. p»dimethyli
amino-benzaldehyde, 75 ml. amyl alcohol and 25 ml. con- ‘
centrated HCl. Approximately 0.4 ml. of the reagent wasiﬁg
added to each culture, the tube being shaken and allowed_f

to stand for a few minutes before the observation was mad§§j
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(5) The Koser=-cltrate reactlon. Cultures in Koser's

fluid citrate medium were incubated at 37°C., a positive
reactlon being indicated by the'presence of marked tur-
bidity within 7 days. If the reaction was negative or
there was only & falnt turbldity, the test was repeated
in dupllicate.

(6) The methyl-red and Voges-Proskauer reactions.

Cultures in a paptone-water medium containing 0.5% peptone,
0.5% glucose and 0.5% dipotassium hydrogen phosphatse,
were incubated at 37°c. for 3 days and then tested for
methﬁbred*and Voges-Proskauer reactions. If the methyl-. ~
red and Voges-Proskauer reactions did not correlate
inversely, repeat tests were made with sub-cultures 24,
48 aﬁd 96 hr. old.

It has been shown by Linton (1924), Georgla &
Morales (1926), Paine (1927), Willlams & Morrow (1928)
‘and Ruchhoft et al. (1931) that the Voges-Proskauer test
may glve anomalous results owing to the fact that with
certaln Voges-Proskauer-positive types acetyl-methyl-
carbinol 1s merely an intermediate product of glucose
fermentation and cultures vary with regard to the stage
of Incubation at which the pressence of thls substance
can be detected. It 1s therefore not possible to fix a
definite perilod at which the test should be made, the
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best procedure in practice with cultures glving doubtfulwﬁﬂ
reactions belng to make repeat tests with subcultures of:lé
various ages, as stated above.

(7) Ligquefaction of gelatin. Two tubes of gelatin.

- medium were heavily inoculated from an agar-slope culturéff
and capped to prevent evaporation. The one subculturé
was kept at 37°C. for 12 weeks, the tube being examined
-at Intervals for digestion by placing it in cold water -
for & fow hours to permit undlgested gelatin to solidify.-j{
If tﬁe gé1aﬁ1n fai1ed to solidify, the tube was kept

for a further- 24 hr. étﬂroém~femperature before the re-\
#ction wésrrecoraéd. The ofher subculture was kept at
room temperature for 8 weeks, and 1f the gelatin was
st1ll not digested it was then incubated at 37°C. for

4 weeks.

Important Coliform Subgroups and their distinguishing

characters.,

- Although there 1s a very large number of dif-
fefent ﬁypes 6f coliform bacteria, the vast majority
of these types can be Included in a few sub-groups, each’ §
of which 1s characterized by an assemblage of outstand~
ing features. The sub-groups most commonly :f-ec:og;:x.’n..'z.eidlN‘,“ ":'#Z
are the B. coli or "typical” B. coll, the B. serogenes,

the B. cloacae and the B. oxytocus.
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The B. colil type§ are the most prevalent organ-
isms in the intestines and In faeces. They produce a
.relatively high acidity 1in carbohydrate media, glving
methyl-red-posltive reactions; and form a moderate amount
of gas, the CO, to Hy, ratio of which 1s low, varylng from
1 to 0.5. They do not produce acetyl-methyl-carblnol
(negatlve Voges-Proskauer reaction). They ferment glucoss,
fructose, galéctose, mannitol, arabinose, maltose and
lactose, but attack less frequently sucrose, raffinose,
dulcitol and'salicin, and in only & comparatively small
number of instances, adonitol. They all fall to ferment
inositol, inulin and starch, and cammot obtain thelr
carbon from citrates (negative Koser-citrate reaction)
or. thelir nitrogen from uric acid. They attack tryptophanei
with production of indole, but do not liquefy gelabtin.
Th;jfare‘nongencabsulated, do not produce raised mucoid
éqlonies, and are most frequently motile.

The B.Iaerogenes types carry out fermentatlon in:l
a different manner to B. colli. Thus they produce a low
acidity in carbohydrate media, glving methjl-red-negative
reactions, but form a relatively large amount of gas, the
COy to Hgo ratio of which is high, varying from 2 to 3.
They also produce acetyl-methyl-carbinol (positive Voges -

Proskauver reaction). They have much higher fermentative
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powers than the B. c¢oll types, attacking In all in-
stances a wide range of substancés, Including not only
those substances usually fermented by the B. coll but
also inositol and adonitol. They almost always ferment
salicin, sucrose and raffinose; many can attack inulin,
and some even starch. Further, they can utilize cltrate
as a sourcé of carbon (posltive‘Koser-citrate reaction)
and urlc acid as a source of nitrogen.' They do not
produce indole and do not liquefy gelatin. They are
frequently encapsulafed and as a rule non—motile. They
grow very strongly on artificiasl media, forming colonies ;
which are larger and thicker than those of B. coll and
are In many instances mucolid.

The B. cloacae types produce & low acidity in
cérbohydrate4media'(hegative methyl-red reaction), but a
relatively large amo_unt/ of gas. The CO, to Hy ratio
is high, vérying from 2 to 3. They are Voges-Proskauer-
positivé. They have not SO‘ﬁide fermentative powers as
B. aerogenes, falling to ferment inositol and adonltol.
However, they can utllize citrate as a source of carbon - |
(positive Koser-citrate reaction) and obtain their nitro- B
gen from uric acid. They do not produce indole, but
are capable of causing slow liquefaction of gelatin. Thgﬁ‘f

are motile, frequently encapsulated and produce large,
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thick'mucoid colonles. The B. oxytocus types produce a
low acidify in cgrbohydrate medla (negative methyl-red :
reaction), but a large amount of gas. Tha“coz to H2
ratio 1s high, varying from 2 to 3. 'They are nges-Préani
kauer-poéitive; and have wide fermentative powers, even |
wider than the B. aerogenes. Not only do they ferment ;n}g
all instances inositol, adonitol, sucrose, raffinose@sandjﬁ
sallein, but they generally ferment dulcitol and inulin.l';
They can obtain their carbon from citrates (positive Kbsegg
citrate reaction) and their nitrogen from uric acid. |
They produce indole from tryptophane and can slowly
liquefy gelatin. They are nan-motile, are frequently~\
encapsulated and produce large, thlck, mucoid colonies.
It 1s evident that there 1s a well-marked con-
trast between the B. coll and B. aerogenes types with ‘,72
reéardftb acid;pdeucinglﬁoﬁefs, as Indicated by the
meﬁhy1-réd‘reac£ion;;ambunt of gas formed; ratio of CO5 :
tq;Hzg Vbéqs»?roskauef, Koéer,‘igositol and Indole re-
acticns; moleity; eﬁcapsulation'and type of colony. 0n fé
the other hand, types belonging to the B. cloacae end B. _i
oxytocus sub-groups are intermediste in character. Thesqlf
four sub=-groups can be readily distinguilshed from one |
another by the following important characters: Voges-

Proskeuer resction, Koser reacticn, inositol fermentation )
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end indole production. It is not nacesséry to include
the gaskratio and me thyl -red reaction, as there is an
almost complete correlation between these features and-thﬁfj
Voges~-Proskauver reaction. If the Voges~Proskauer, Kbser;?ig
inositol and indole reactions are used as differentisting  §
eriteria, 1t 1s possible to sub-divide the coliform group
Into eight sub-groups, each consisting of a number of
MacConkey and other types (see Teble 10, page 156).

The biological characters of the sub=groups.

Sﬁb—group 1l (B.coll types): Voges-Proskauer-

negative, Kbser~negativé, 1nositol~neéative, indole~
- positive. The organisms of this sub-group are commonly: B
termed the "typ£ca1" B. coli and include MacConkey's
types’nos.l, 2 (B. acidi lactici Huppe),4 (B.grunthal),

5 (B. vesiculosus), 33, 34 (B. coli communis Escherich offﬁé
Fscherichia coli), 35 (B schafferi), 71 (B. coli communior é
or Escharichia communior) 72 (B.neapolitanus), 100, 106 E
an@l107ﬁ Therprototypa is B. coll communis Escherich ’
(Méééonksyfs ﬁype no.34). ' The cultures of this group gave- é
methyl -red-~positive reactions. They did not produce raisedi
mucold colonies and did not become encapsuleted. The maj~ :
ofity (785 out of 882) were motile (see Teble 10);the non- '~
motile cultures were chlefly of MacConkey's types nos. 2;‘6

5, 55 72 and 107. Most of the cultures (776 out of 882)[
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gave negative reacticns In adonitol. The 106 edonlitol-
positive cultures were almost the only collform cultur957 
which faiied to show a direct correlation between the
Inositol and adonitol reactions. The cultures varled
wldely with regard to sucrose and duleltol reactions‘and"i
no significance could thersfore be attached to these
features as group criteris, but they were of value for the
differentiation of types. None of the cultures fermented -
Inulin, and with rare exceptions they failed to liquefy
galatin within 5 months. Some of the intermediate culr
tures (fermenting celloblose or producing Hgs) of Tittsler
and Sandholzer apparently belonged to this sub-group. |
The types belonging to this sub«group are by
far the most prevalent orgenisms in the intestines, fasces
and -sewage, and if ordinary'methdds of lsolation are em~
plo'yec‘i they Include the bulk of the coliform cultures |
obtained from such sources (see Table 11, page 168). Théy»
are also the most prevalent forms in milk (see Table 11),.
thair presence being due to direct or Indirect contamina-~;
tion with faeces (Malcolm 1933). While 882 of the 1636 |
cultures isolated from milk and bovine faeces (see Table
10) woere B. coll types, the number would have been much
greater but for the fact that with the last hundred faacall

specimens, methods of isolation were employed suitable for
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the enrichment of Koser-positive types, and 2ll B. coll
.cultures obtained from these specimens were dilscarded.

Sub-group 2. (Koser-positive B. coll); Voges-

Proskaver-negative, Koser-positive, Inositol-negative and
1ndole~posit1ve. These types are similar in all respects
to B. coll types apart from the fact that they are Kbserfft
positive. Koser (1924) obtained Voges-Proskauerqnegativé,T
Koser-positive, indole-positive types from soll but rarelﬁ
from faeces. Ruchhoft et al. (1931) found them occasionéA’
ally in surface waters and thought that they were of soil"
rether than of faecal origin. These Investigeators did

not classify their cultures according to the inositol
reaction; but Koser's cultures of these types were in all
Instances adonitol»negative and therefore must have be-
longed to this sub-group. Hay (1932) also reports the
occurrence of such Koser-positive B. coli types, and some
of the intermediste cultures (celloblose-positive as well
as pellobiose;negative) of Tittsler & Sandholzer (1955)' ' 
appeéﬁ to have“belonggd Eo'ﬁﬁis.sﬁb-group.

It will be seen from Table 10 that only eighteen
cultures of this sub—grouplwereuisolated; one of these
waéufrom ﬁiikjhnd seventean frbﬁ\bovine faeces. The faecal
cultures were obtained by brilliant green and other enrich-

ment methods of isolation (see Section II, pege 41 ). Tt
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would therefore appear that such types are of comparativeff;
ly rare occurrence in faeces and in mlkk. Thils sub- .‘
‘group may be regarded as particularly hardy B. colil types;;é
“which are highly resistant to brilliant green and can growfi
sufficiently well in Koser'!s citrate medium to give x:1 .é
distinct turbidity (a positive reaction). This verilation f%
from the B. coli types i1s of less significance when it‘ V)i
1s bornme in mind that, as shown by Ruchhoft et al. (1951),??
even the typical B. coli grow slightly in the citrate ‘ 5
mediun. Moreover, a large number of the cultures, whichi}%i
~ were obtained from faeces and which have been includad‘ﬁj g
in this sub-group, after subculturing for several years f&é
in artificial‘ﬁedia gave Koser-negative reactions, 'in .
other words they were slimiller to the typlcal B. coll.

Sub ~-group 3% Voges-Proskausr~neg&tive, Kbser;

positive, inositol-negative and indole-negative. This o
sub~group includes MacConkey's types nos. 7, 36, 70, 74 L
z;u'zi'ih‘il.()Q.‘_\~ These types resemble the B. coli with regard k
to their nges~Proskauer, methylnred inositol, adonitol,’L-
inulin end gelatin reactions, and' also in the fact that'.f?
in almost all instances they are motile, but they differ.fef
from them in belng Kbsér-positive and Indole-negative, ‘_
and, In some instances, in producing 1argé mucoid colonieéff

and in becoming encapsuleted. Lilke the B. coll, they vary;
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wildely in thelr sucrose and dulcitol reactlions (see
Table 10).

Koser (1924, 1926) frequently obtained nges~r
Proskaﬁér;ﬂagative, Koser-positive, indoleunegative cul-f‘i
tures from the soil but rérely from faecas. Ruchhoft.
et al. (1931) found that they were of extremely rare
occurrence in human and animal faeces. They have also
been isolated from water by Bardsley (1926), Lewis & Pittsf
man (1928), Ruchhoft et al. (1931) and others, Buqkb -
Gaffney (1932) showed that they occurred more frequently
than other coliform types in samples of soll collected
in Europe, but less frequently than B. aerogenes types in
soll from Eest Africa. Bardsley (1934) found that they
were the most prevalent types of coliform bacteria in soil;
but their incidence was lower 1n water end faeces. Some |
of the Citrobécter'(or'trimethylene-glycolmproducing)
types of Werkmsan & Gillen (1932) and in all likelihood
many of the Intermediate types of Levine et al. (1932)
and those of Tittsler & Sandholzer (1935) belonged to thisff
sub-group. As the inositol and adonitol reactions are in
some instences not recorded by ﬁhé abové—mentioned workers;;
it 18 not always possible to detérmine whether their cul;
tures belonged to this sub~group or sub-group 5.

Altogether 126 cultures of subqgroup 5 were ob-
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tained by the writer, seventy~four from milk and fifty-;ﬁ
two from bbvine faeces. Cultures were isolated from
only two'specimens of bovine fasces by the ordinaby
methods, but they were obtained fram approximately one-ﬁi
seventh of the specimans when methods suitable for o
the enrlchment of Kbsernpasitive orcaniams were employ-:;
ed.,_Itwwould therefore appear that such bacterla ara,,ﬁi
occasionally present In bovine faebes,rbut only in

small numbers.

Sub-group 4: Voges-Proskauver-negative, Koser- | :
posltive, incsitol-positive and indale—positive. Thiag;é
sub-group includes MacConkey's type no.1l0l and andtheﬁ?fé
type which is similar in all respects to MacConkey's
type no.66 apart from the fact that 1t 1s inositol- ‘
positive. (MacConkey's type no.66 1is peculiar in thatji;
the adonltol reaction, being positive, does not corran‘_§
late with the inositol reaction). Six cultures of thé;{i
modified or inositol-positive type no.66 were obtaihea~ §
from milk and bovine faeces, while only one culture wéaél
1s0lated of MacConkey's type ho.66. The 1atter has been
included in sub-group 2. Mackie (1921) obtained three
cultures of this modlfied type no.66 from humnan faeces
He did not obtain any cultures of typical no.66.

While the cultures of subegroup 4 resemble the
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B; coll sub-group Iin beling low-ratio types, glving
Voges-Proskauer-negative and methyl-red-positive reactions,
and In producing indole, they are similar to the B. |
aerogenes sube-group in thelr Koser, inosltol, adonitol
anﬁ suéréﬂe_reactions, and in the fact that they are
almost alwéys non-motile and in many instances produce
large mucoid colonles and show encapsulation. Werkman ;
& Gillen (1932) found ﬁhat certain types spparently be-
longing to thils sub-group produced trimethylene glycol
and included these types 1in the genus Citrobacter.

Only twenty-three cultures of types of sub-group
4 were obtalned By the writer, thirteen from milk and
ten from bovine faeces. All the faecal cultures were
1solated by enrichment methods. Mackie (1921) obteined .
only seven of such cultures from hnman‘faeces and one
from urine out of a total of 246 cultures isélated from
various sources. Koser (1924) did not obtain any of
these types from the soil his nges-Proskauer-negative,”
Koser-positive, indole-positive cultures being in all
cases adonitol-negativa% It would therefore appear that i%
types of sub-group 4 are of comparatively rare occurrence
in milk, faeces, s0ll and water.

Sub-group 5: (B. friedlthderi types): Voges-

Proskauver-negative, Koser-positive, inositol-positive
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and indole-negative. This sub~group includes MacConkey’sA ;
types nos.68 (B. friedlé&nderl), 99 and 104.1‘ These S
organis&s are Intermediste In cherscter between the B.

coll and the B. aerogenes types. Thus they are similgrs?;i
to the B. coll in that they are low-ratio types, and givéjii

Vogesa-Proskauer-negative and methyl-red-positive reactioﬁ&?;

but theyzresemble closely the B. aerogenes types in theirhfj
Koser, inositol, indole, adonitol and sucfose reactions. s
and, in the‘fact, that they are, as a rule, non-motile,.'
| produce large, thick, mucoid colonies and show encapgula-‘

tion. With few exceptions they fail to liquefy gelatin.

Only thirty-three cultures of these types were isolated,f‘fi

twenty being from mllk and thirteen from faeces. With

one exception, the faecal cultures were obtained by

enrichment methods of isolstion. Mackie (1921) and Hay ujff
(1952) have obtalned strains of this sub-group from humaﬁf”ﬁ
faéces.; It would therefore appear that such organisms" ’f 
occﬁr‘tp a limi%ed'exteﬁt in faeces. B. friedlénderi isff;}
sald to bé~fbund particﬁlarly in the upper respliratory J_.
‘traét, whehéé;it may findxifs way to the intestines, but
capsulated coliform orgenlsms found in the nose or naso-
pharynx may give the blologlcal reactions of typical B.
aérogenes. |

Sub=-group 6. (B. cloacae types): Voges-Proskauver-

1. Differing from MacConkey's type in 1nositol reaction.f-5
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positive, Koser-positive, inositol-negative and Indole~-
negative. This sub~group Includes MacConkey's types nos.

&, 69, T3, T5,*

105 and 108, the prototype being no.lo8

- (B.cloacae or Aerobacter cloacae). The orgenisms of

this sungroup are Intermediate In character between the

B. colil and the B. aerogenes types. Like the B. aerogenes?i

they ere high-gas-ratio types. They also resemble them

in their YQgeS~Proskauer, methyl-red, Koser, indole and éiﬁ
sucrose reactions, and in their ability to live under |
natural conditions 1n the soil end in water, and 1n their;¥;
resistance to brillient green. Further, they frequentlyxﬂJT
produce lsarge, mucoid colonies and beccme encapsulated. |
They are, however, similar to the B. coll types in their:~;€
inositol snd adonitol reactions and in the fact that in |
most instances they are motile. They are peculiar in thaté%
they frequently liquefy gelatin. While B. cloacae types‘«ff
are Kbser~positive, Hay (1952) found that they do not grow{é
80 strongly on Simmona' citrate agar as B, aerogenes typesé?
and therefore they apparently do mot use the citrate so E
readily as the 1atter.'”"' \

The B. cloacae types are commonly regardsed as nonf;
fascal organlisms, as in numerous Investigations they havei:j
been rarely obtalned from fasces but frequently from the S

soll, water, plants and grain, and contaminated milk.

l. Differing from MacConkey's type in inositol reactianQ
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Of the total number of cultures 1lsolated (sée Table 10),7‘i
211 belonged to this sub-group; ninety-four of these =
cultures‘were~obtéined from milk and 117 from bovine
fasces. Almost all the cultures from the faecal specimensi
were obtained by enrichment methods of isolation (see

Table 11). It would therefore appear that B. clcacae

types occur in smail numbers in bovine faeces but are g
very erQuently present. Thils is In accordance with the  ;
results obtained for human faeces by Crulckshenk & Cruick;;
shank (1931) and Hay (1932), who have shown by enriéhmenéfz
methods that such organisms are present in small numbers‘;A
in most specimens of human faeces. The organisms of this

sub-group cannot therefore be regarded as non- faecal types;

Sub-group 7. (B. oxytocus types): nges-Proskauer-fff
positive, Koser-positive, inositol -positive and indole- | '
positive. This sub-group includes MacConkey's types nosﬁfg
65 (B. oxytocus perniclosus or Aerobacter oxytocum) and_r;;
97.1 They are high-gas ratio types and give methyl-red~/f:
negétive reactions. They produce 1arge, thick mucold ot
colonies and are frequantly encapsulated. They may be
cansidered to be 1ndole~positive B. aerogenes types

(Jordan, 1928, Ruchhoft ot al. 1931), but they have as

a rule greater fermentatlve powers than B. aerogenes and

1. Differing from MacConkey's type in inositol
reaction.
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in many instances slowly liquefy gelatin. They are more
closely allled to B. asrogenes than to B. cloacae as shoﬁﬁf
by the fact that they are inositol~fermenters, and as aAJVE
rule non-motile. It will be seen from Table 10, that

with few exceptions the cultures of this subngroup‘fere_;gi

mented adonitol, sucrose, dulcitol and even inulin. NOA"
other sub~group contained so high a proportion of inulihé’f

fermenters. The ma jority of the cultures also slowly

liquefled gelatin. Seventy-one cultﬁres of thils sub-
group were lsolated; twenty~twé were obﬁained from milel:{
end forty-nine from bovine faeces. The faecal cultures; i:
with three exceptions, were obtained‘by enrichment methodﬁi
It 1= therefore evident that these organlsms are frequenﬁig
1y preagntﬁin bovine faeces, but only in small numbers,v*mj
This is in accordance with the results obtained for human-f
faeces by Crulckshank & Crulckshenk (1931) end Hay (1932).

Sub-group 8. (B. aerogenes types): Voges—Proékauéf;J

positive, Kbser—yésipive,.1nositol-posit1ve and indole- gff
negativeﬁ-:mhis sub-gﬁoﬁp:iﬁcludes MacConkey's types nos;3:
67; 98;.102’hnd 105,4the proéotype being no.103 (B. lacﬁiéf
aQrbgenes'OQLAG?Obactér~aerogenes). The organisms of'wfjfi
this sub-group are high-gas-ratlo. . types, glving methyiQ;Lfﬁ
red-negative reactions. They are typilcal 1nositol—fer;;.ﬂ'

menters, being encapsulated, usually non-motlle, and
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forming 1arge, thick, mucoid colonies. It will be seen% 
from Tgble 10 that with few exceptions they fermented )
adonitol and sucrose. They varied in their dulcitol andfff
inulin reactions and as a rule failed to 11quefy gelatin
within 5 months. . ﬂ E
The thirty-four motile cultures of this sub-group_{é
- congisted of twentyafour cultures of 1nositol-positive e
strains of MacConkey's type no.l02, and ten cultures of
types which were very similar to B cioacae types, but’
wore inosltol-posiltive. These motlle cultures were
chiefly responsible for the posltive gelatin reactions
- shown 1n Table 10. The cultures, which resembled B.

cloacae types, were adonitol-negative, and taking into

account the high correlation between the inositol énd‘.
adonitol reactions of such Koser-positive types, the caﬁﬁf&
clusion might weli be drawn that these ten cultures wgrélfﬁ
B. cloacae types glving atypical lnositol reactlons. To,fg
overcome the difficulty presented by'sﬁch border-line !
cultures, both the 1nositol and adonitol reactions mightlfé
be used as sub-group criteria, sub-groups 1, 2, 3 and 6‘ij§
consisting of types whlch are negatlve elther in 1nositolfi
or adonitol, and sub-groups 4, 5, 7 and 8 consisting of’?é
types glving positive reactions in both inositol and i

adonitol. The adoption of such a system would necessifﬁté?
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the regrouping of only twelve cultures 1in the table,
namely, one culture in sub-group 7, énd eleven cultures‘iig
in sub-group 8; and it 1Sﬁd0ubtful~if:the extra troubieL};g
would be\juétified. Further,ﬂif is péssible that a |

typical;inositol-fqrménfaﬁ mlght give‘a negative (i.e., {E;
an atypibéiafadonitolfréﬁctioﬁ. Thils appears to be the L

case with the adonitol-negative culture of sub-groupr7.1fi§
The view 1s widely held that B.Aaerogenes typéé;?

are not normal 1nhab1£§nts of the human end animal in;,!fﬁﬁ

testine and are of rare occurrence in faeces, but aye

 common in the soil, on plants and grains and in water, ;'3;

or in other words, they are non~faecal organisms. on .

the other hand MacConkey (1909) isolated his strains 

of no.103 most frequently from humén faeces and in only':%

a fow cases from soil and cheese. Ford (1927) states .

that B. lactls serogenes occurs chiefly in bovine faeces;i

while according to Sherman (1935), B. asrogenes types o

occur constantly in animal faeces, though in relatively f};

small numbers. Crulckshank & Cruickshank (1931), Hay

(1932) and Bardsley (1934) showed that sﬁch organisms

ﬁere present iIn small numbers in most specimens: of

human faeces. Bardsley also found that they occurred

less frequently then B. coll types iIn upland surface

waters, in water from shallow wells and springs, and 1In
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soill. The writer obtalned 233 cultures of thislsubwgroup, |
105 from milk and 128 from bovine faeces. With four ex- |
ceptions the cultures from bovine faeces were obtalned

by enrichment'methods, these cultures ﬁeing Isolated from_;2
épproximétely one-half of the number of speclmens examln- -
ed., It is thgfefore evident that thesg organlsms are
frequently present in small numbers in bovine faeces as

in human faeces.

Anomalous strains. Thirty-nine cultures were

atypical and were consequently not included in these sUbA‘%*
groups. Twenty of these cultures apparently belonged to

the Koser-positive sub-groups, 3 (seven cultures), 6

(seven cultures), 7 (three éultures) and 8 (three cultures),
but they did not produce sufficient growth in Koser's B
medium to gilve positive reactlons. In all other respects‘ﬁf
they were éimilar to the other types of the respective |
sub-groups. The remaining nineteen anomalous cultures
appeared to be B. cloacae strains giving positive indole
reactions. BSuch cultures are comparatively rare, but 1t

is commonly accepted that they do occur. Thus Ruchhoft

et al. (1931) state that it 1is well known that B. cloacse
produces indole and they report that such atypical strains -
are occasionally present in water. They also note that

Bahlman & Sohn's results indlcate that these organisms
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are seldom found in routine work. Eleven of the indoleg »qf

bositive B. cloacae cultures 1solated by the writer dild

not grow sufficlently in Koser's medium to produce posi< i

tive Koser reactions. Such Koser-negative, indole-

positive B. cloacae strains are of interest as they may

be regarded as intermediate types, forming a link between

the B. coll and B. cloacae sub=-groups.

A number of the thirty-nine anomalous cultures yfﬁ

did not give well-defined reactions. Thus some of the

indole-positive B. cloacae types appeared to produce only{f

traces of indole. The colour change on the addition of-wi?

the indole reagent, being 80 slight that confirmatory

tests had to be made. Some of the Koser-negative atypidalg
cultures produced very slight turbldlty 1niKbser's citraﬁgi

medium; it is possible that these cultures should have
been recorded as Koser-positive., It is worthy of note
"thgt_most of the anomalous cultures were lsolated from
milk, S |

Border-line strains, i.e., those which appear

tofbeloﬁg;to/recognizeq'typés’bgt are atypical with régaidj

to one or other of ﬁhe sub~group criteria, present a
problem In the classification of colliform bacteria, no

- matter what criterla are used. Howsver, by employlng

the Voges-Proskauer, Koser, inositol and indole reactlons

L
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for the differentlation of subw-groups, the number of such
cultures obtailned 1s comparatively small, amounting in t
these investigations of milk and bovine fasces to fifty-
~one cultures (including the twolve Koser-positive culturesfi
which were inositol-positive and adonitol-negative) out g
of a total of 1636, l.e., 3.1%. There appears to be no
reason why such anomelous cultures should not be included:;
iIn the sub~groups wlth which, apart from thelr atyplcal
reactlons, they have the most characters in common. In :Jl
any caéé, In routine work it is as a rule sufflcient to
distingulish betweén typilcal B. coli and other colliform
types, and as the former (sub~group 1) are particularly -
well~defined owing to the correlation which exlsts be-
tween the sub<-group criteria (see later), the problem

with regard to the classification of such border-line

strains does not arise.

?'The Correlation between Various Biological

Characters.

In}determiningﬁthé correlation shown by a group
of organismévwith fegafd to particular characters, all
possible combinations of these characters are censidered;~
Thus if two characters x end v have either positive or ‘

negative values in the case of different types of bacteria
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belonging to a particular group, the frequency of all
possible combinations of positive or negative values

for ﬁhese‘characters (6 g+, +x, +y; X, =¥; =X, +y;-%X,-y)
1s taken Into account. The coefficlent of association

can be calculated by means of the formuls ad - be ,

. , ad + be
where a,equals the number of cultures of the various

types with +x, 4y reactions; b, the number with +x, -y
reactions; ¢, the number with -x, +y reactlons; and 4,
the number with - x, - y reactions (see Yule, 1937).

The Voges-Proskauer and methyl-red reactions.

There was an almost complete correlatlon between the
Voges-Proskauer and methyl-red reactlions. Thus in the
case of the 797 cultures obtained by the writer from
milk, the coefficient of assoclatlon was - 0.999.

The Voges-Proskauver and Kosepr reactlons. There

was a high correlation between the Voges-Proskauer and
Koser react;ens, the coefflclent of assoclation being
#16.980;’ 6ff547’ngés;Proskauer—positive cultures, only
twenty-four were Ebéerpnegative, and all these Koser-
negative_cuitpres were atypical strains. On the other
hand, of 1089 Voges-Proskauer-negative cultures, 889
were Kbser-hegative and 200 Koser-positive. .Again, of
913 Koser-negative cultures, 889 were Voges-Proskauer-

ﬁeggtive, but only 523 out of 723 Koser-positive cultures
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were Voges-Proskauver-positive. The Voges-Proskauer-
negative Koser-negative cultures belonged to sub-group 1,
the typlcal B. coli; the Voges-Proskauer-negative Koser-
positive cultures belonged to sub-groups 2, 3, 4 and 5.

A large proportion (189 out of 200) of these Voges-Pros-
kauver-negative Koser-positive cultures were of indole-

negative types. On the other hand, the Voges-Proskauer- e
negative Koser-negative cultures, with rare exceptions, L
were indole-positive.

The Voges-Proskauer and inositoll' resctions.

A high correlation was found between the Voges~Proskeauer
reaction and the fermentetion of Inositol, the coefficif;;
ent of asgsoclation being + 0.910. Most of the Vogesd - »
Proskauer-negative cultures (773 out of 826), including
all the cultures which were Voges-Proskauver-negative,
Koser-negative and indole-positive, l.e., suvb-group 1
(or typilcal B.'coli),failad to ferment inositol. Voges~ -
Proskauérunéggtivev1nbsitol—positive types belonged to
sub~-groups 41and 5. As regards the Voges-Proskauer-
positive cultures, 291 (chiefly of B. aerogenes and B.

1. The inoslitol test was not used In the early stages of
the Investlgation of the coliform flora of milk, and ‘
therefore the iInosltol reactlom has been determined in -
only 1316 culturss, Consequently, in stating the corre- -
lation between the inositol reaction and other characters,

the figures glven do not correspond with those of Table
10, ‘ '
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.oiytocus types) gave positive inositol reactions and
199 (chlefly B. cloacae types) gave negative. Again, ‘
out of 344 inositol-positive cultures, 291 (84.6%) were i;

ngesmPréskauervpositive, and of 972 inositol-negative
cultgres, 775 (79 5%) were ngesnProskauer-negatlve.

The nges-Proskauer and 1ndole r@actions. The'

coefficient of assoclation between the Voges-Proskauer

and 1ndq;§-r9actions was - 0.929. ,0f 1089 Voges-Pros- ~¥£§
kauer-negative cuitures, 923 wefe inéoleupdsitive, the §¥¥T
exceptlions being chiefly Koser-positive types (sub- K
groups 3 and 5). Cultures glving negative nges»Pfos~ a
kauer, Koser and indole reactions were seldom obtained.

0f the 547 Voges-Proskauer-positive dultures, 454 were
Indole-negative (chiafly B. aerogenes and B. cloacae
types) and 93 indole~-posltive (chiefly B. oxytocus types)ié
Further, with regard to the indole-posltive cultures, g
only 93 out of 1016 were Voges-Proskauner-positive and
these were chiefly of sub-group 7, l.e., B. oxytocus .
types. As regards the 620 indole-negative cultures, 166]£3
werse ngés-?roskauer-negative and 454 Voges-~-Proskauer-
poslitive.

The Koser and inositol reactions. The coefficieﬁt?j

of assoclation betwsen the Koser and inositol reactions
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wag high, belng + 0.987. Koser~negative stralins were
almost always inositolwnagative, there being only five

inositol -positive cultures out of 675 Koser-negetlve. Onf

the other hand out of 723 Kbser—positive cultures, 363

were inositol-negative and 560 1nositol»positive. The

1nositol fermenters were almost always Koser-positive,
only five out of 544 inositol«poaitive cultures (1.5%)

being Kbserunegative. The inositolunegative cultures,

however, veried in their Koser reactions according to the :
indole reactions, the iIndole-positive types, e.g., B. coli
in most instences (659 out of 683, i.e., 96.5%) glving
negative Koser reactions, and the indole-negative types,“ fE
8.8., B. cloacae, in most cases (278 out of 289, il.e., R
96.2%) giving positive Koser reactions. The twenty-fourAfig
cultures which were 1nositol-negative, 1ndole-positive}

- and Kbser»positive.belonged chiefly to sub-group 2 and e
were Iin most Instances Koser-positlve strains of MacConkBﬁ%%
types nos.5, 34 and 71. The eleven cultures v‘r.‘r.:;ich.wear*e,‘"‘{V:‘ig
inositol -negative, indole-negative and Koser-negative,

were atypiéal'strains,.being chiefly Koser-negative cul- ;f?
tures of MacConkey's types nos. 7, 73, 74, 108 and 109.

“mgeiKbser and indole reactioﬁs. There was an

almost completehinverse correlation between the Kbaer»gndfk

indole reactions, the chief exceptions being types which’
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were both inositol- and indole-positive, e.g., those of
sub;groups,é.and 7. These inositol-positive indole~-
positive strains were as a rule Koser-poasitive, only tvof?f
beiﬁg Koser-negative out of ninety-five. While the co{‘fé
efflcient of association'betwaen the Koser snd indole |
reactions wag - 0.992, it would have been as high as 1
- 0.998, 1f these Inosltol-positlve indoleupositivévcul—{;;

tures had been excluded. Accordingly, indole-negative R
cultures are Koser-positive, while indole-positive cui-‘gﬁj
tures are Koser-positive or negative according ﬁbwhgthéiif
the 1ﬁositol reactions are positive or negative. Tharefﬁfé
are very few exceptions to this rule. This correlationfifi
between the indole and Koser reactiocns holds good ir- L

réspeetive of the nature of the Voges-Proskauer reactibn,ij

The inositol end indole reactions. The coeffici#?%
ent of associ&tion between the inOSitol and indole re- B
actions WaS low, being only - 0. 722! However, cultures -
which were both indole—positive and Koser-negative v.nsnc't-::”f”’:‘E
almost always (659 out of 661) 1nositol-negative.

The 1nositol and adonitol reactions. There was

an almost complete correlation between the inositol‘and5?*9
the adonitol reactions with the exception of adonitol-
posltive types of sub-group 1, e.g., MacConkey's typesr»: E

nos.l, 2, 33 and 100. These B. coli strains, 1like all
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other streins which were both Koser-negative and ngeSeizfa
Proskauer-négative, gave In 2ll instences negatlive in0$ifff
tol reactions. If these Koser-negative nges-Proskauéprffg
negative strains had been excluded, the coefficient of =~
association between the 1nositol and adonitol reactions . ’;’
would have been +0.997. It is noteworthy that while the -
1nositol reactions of certain types showed this correlanfff
tion with adonitol, they differed from the inositol re- -
actions noted by MacConkey for types which were similap;,fﬁg
to tham in all their other characters. Thus these cul-*ﬁi#
tures which appeared to be of MacConkey's types nos.66 andi

97 were fbund to be inositol-poslitive Instead of negative{ﬁ

and those of type no.75 were found to be negative instead{é
of positive. Purther, the cultures which were apparentiyf;
of type no.l04 gave positlive Inosltol reactions, and thoééj
of type no.l09 gave negative reactions, whereas accord;ﬁéf?
to MacConkey, they both produce acild only in 1nositol.«*';f

The 1lnositol and other resctions and motility.

There was a much higher correlstion between the 1nositoli§£
reaction and motility thean between the ngesuProskauer,vffj
Koser and 1Indole reactlons and motllity. The coefficiaﬁéff
§f associatlion in the 1316 cultures tested in inositol ’ 
was - 0.967. Thus of 972 non-inositol-fermenting cultﬂrééé

only 104 (10.7%) were non-motile. These non-motile cul- .
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tures belonged chiefly to sube~group l, belng non-motile
B. coll types e.g., MacConkey's types nos. 2, 5, 35, 72
and 107. As regards the 344 inosltol-fermenting cultures,
only forty-two (12.2%) were motile; these motile inositol-
fermenting cultures belonged chlefly to MacConkey's type
no.lo2 (Voges~Proskauer-positive, Koser-positive, inosi- |
tol-positive, indole-negative, geletin-positive and
motile) and to a type which resembled neo.l08 (B. cloacas)’
but gave positive lnositol reactions. (The absence of
motility In Inositol-fermenters cen be accounted for
by the presence of encapsulation.)

Voges ~-Proskauver-negative cultures were most
frequently (934 out of 1089) motile, but only 259 out
of the 547 nges-Praskauer-positive types were motile.

Koser-negative cultures were as & rule motile,\
only 105 out of 913 belng nog-mdtile. These nonsmotilel -
cultures werse chiefly‘monﬁmqtila B. coli, e.g., |
MacConkey's types nos. 2, 35, 72 and 107. On the other -
haﬁd, és ﬁeg&rds the_723 Koser~positive cultures, 385 .
were métile (e.g.,‘B.'cloacaaftypes) and 338 were non-
motile (e;g.; B. aerogenes and B. oxytocus types).

The ma jority of the indole-positive cultures were
motile (820 out of 1016), but only 373 of the 620 indole-

negative cultures were motile.
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Other blochemical reactlons. The sucrose, raff1+f§

nose, dulclitol and Ilnulin reactions did not show a highhj;

degree of correlation wlth the Voges-Proskauer, Kbser,;jgﬁ

inositol and indole reactions (see Table 10). However,q}g
cultures pf,sﬁbgrbups 4§’5, 6, Viaﬁd’s (1.0., all the
1nosiﬁbi-bositiﬁéﬂsub~groups and also the B. cloaeae),v uﬁ
with the exception of only one culture, fermented sucrosé;
and all the cultures of sub-groups 1, 2 and 3 failed to
forment inulin. The raffinose resction correlated almost
completely with the sucrose, the coefficient of associauj{
tion in the 797 cultures obtained from milk being 4+ 0. 999&
The Koser-negative cultures rarely liquefied gelatin, -
only nine out of 913 liquefying gelatin within three o
months. But 231 of the 723 Koser-positive cultures waratf
gelatin-liquefiers. All the cultures fermented mannit&lgf
As regards the action on salicin, Koser-positive types;;ﬁg
i.e., types of sub=-groups 2-8, in most instances (560 ‘ Mi
out of 583) gave positive reactions, while Kbser-negativéi
types, l.e., types of sub-group 1, varied 1In their j‘
salicin reactions but were most frequently (383 out of;”“
465) positive.l It was also found that different

strains of even classic types of coliform bacteria varied
in their salicin reactions. Thus sixty-elght of the

1. The salicin reaction was determined in the
case of only 1048 cultures.
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cultures of B. coll communis (Escherich) isolsted from
milk gave posltive salicin reactions and twenty-silx gave
negative; 181 of the cultures of B. coll communlior from
the seme source gave positive reactions and twelve gave
negative; thirteen of the cultures of MacConkey's type
no.4 gave positive reactions and thirteen gave negative. |
Mackie (1921) obtaeilned similar results with cultures from
human faeces and other sources. The writer found that:
with the ma jority of the types in which salicin-negative
cultures could be obtalned, there was a preponderance of

‘cultures giving positive reactions.

The Value of Various Charaescters for

Systematlic Purposes.

As previously mentioned, though coliform bactefié‘
have certain characters in common, they dlffer widely
from each>othar with,regardAto,vérious other characters, .
the true systematic value of which 1s uninown. This
constitutes a great difficulty in the classification of
these orgenisms. In this connexion it must be borne in
mind that with bacteria in general it is frequently
difficult to assess the value of characters for system- |
atic purposes. Certeln features, owing to thelr morpho-

logical or blologlical significance and also to their
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stability, are unlversally recognized to be valuable and
reliable criteria for differentiating types and sven
groups, e.g., shape of the cell, spore formation, position
of flagella on éhe cell, reaction to Gram's stain, acid-_f
fastness, ability to produce specific disease, ratio of B
002 to H2 in the fermentation products, etc. Otherrchar-#
acters, which appear to be of minor morphologicél or B
bloleglcal 1mportanqe; but which are constant features of
the organisms, are also used, e.g., fenmentabién of
sugars, ligquefaction of gelatin, etc. A greater import-
ance can be attached to the latter if they show some re-.
lationshlp to other features of the orgenism.. The value
of any characterhfor systematlc purposes depends there- ﬁ
fore not only on 1ts morphologlcal or bilologlcal signi- .
ficance, but also on the degree to which 1t is correlated:

withrother characters.

N ”f"TheAnges-Proskaﬁef-reaction. The importence
of the nges~Proskauey réactioﬁ‘fbr differential purposésf
has been stressed by Levine (1916a, b, c, 1918, 1921),
Johnson (19ié}, Hnlfon (1916), Johnson & Levine (19175,
Rogers et al.'(1918), Chen & Rettger (1920), Bergey (1925,
1934 ), Ruchhoft et al. (1931l) and meny others. Its great
value as a criterion in systematlic work is indlcated by

the fact that it shows an almost complete correlatlon
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with the acld-producing power (or'methyl-red raaction),‘
with the amount of gas produced and with the ratio of o
COg to Hy in the fermentation products. Differences in‘ﬂ7€
these features are indices of marked dfferences in the
metabolism of the organisms.’ The Vpgés-Proskauer—negativéé
»types,’sub-groups 1, 2, 3, 4 end 5 (the genus Escherichiaff
of Bergey), produoe 1n carbohydrate media 2 high acidity |
(a methyl-red-positive reaction), a moderate amount of
gas and a low gas ratio (the COg to H2 retio ranging frbm{é
1 to 0.5). On the other hand, the VOges-Proskauer-ﬁosisdﬁi
tive types, sub-groups 6, 7, and 8 (the genus Aerobacter
of Bergey), produce a low acldity (a methyl-red—negative |
reaction), a comparatively large amount of ges and a high %
gas ratio (the CO, to Hy ratio ranging from 2 to 3). “
Further, Voges-Proskauer-positive types are almost alﬁa&éiﬁ
Koser-positive. nges~Proskaﬁer-negative types are Kbsgf%é
negative in the case of sub-group 1 (B. coll types), aﬁé{ig
Koser-positive in the case of sub-groups2, 3, 4 and 5. ‘ffé
In Bergeyfs clagsification (1934), the Voges-Proskauer ; ;5
reaction 1s employed a&s the sole criterlon for the priméfét
subdivislon of the colliform group into two genera, and ~f§
as a result these Voges-Proskauer-negative, Kbser-posit@ve;
types (sub-groups 2, 3, 4 and 5) are placed in the same-;if

genus, Escherichla, as the Voges-Proskauer-negetive,
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Koser-negative types (sub-group 1 or B. coll types).
waever; types of sub-groups 4 and 5 in many respects re- i
semble very closely sub-group 8, the B. aerogenes types;V ﬁ
Thus they are not only Koser-positive (and in the case of :
sub-group 5, the B. friedli¥nderi types, indole-negative) o
but they also have very high fermentative powers, fenment»f
ing in all instances inosltol, adonitol and sucrose. .
Moreover, llke B. aserogenes, they are non-motile, with
relatively high powers of resistance to brilliant green |
and with the ability to produce large thick mucoid coloniles
and become encapsulated. Accordingly, these types are |
intermedlate in their characters between the B. coll and
the B. aerogénes. On the other hand, sub-group 6 (B.
cloacae ) being Voges~-Prosksuer-positive, methyl-red-naga»,]
tive and of high gas ratio, is included by Bergey in the |
genus Aerobactgr. Neverthg;ess, the intermediate character
of thesejtjpésfis-shownAby the fact that, l1ike B. colil, .
they~dq-n6t,fermant inositol and with rare exceptions,
adonitol, and are as a ruie;moﬁile.

The Koser reaction. The value of the Koser re-

action for the grouplng of colliform types has been ghown* ¥
by Raghavachari (1926), Hicks (1927), Perry (1929),
Ruchhoft et al. (1931), Hay (1932), the writer (1933) and

Bardsley (1934). Its employment for systematic purposes.
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enables sﬁbugroup’I or B. coll (Koser-negative types):

to be differentiated from the other sub-groups (Xoser-
positive types). With very few exceptlons, Kbser-negati?éfi
coliform types are Voges-Proskauwer-negative, inositol- <
negative and indole-positive, or in other words, are
typical B. coli.: Purther thers is an'almost completa |
negative correlation botween the Kbder ‘and 1ndole reactions‘
with.the axception of 1ndole-positive, inosltol = fermenting

types (subugroups 4. and 7) - theae as a rule are Kbser-l'.ﬁ

positive. The Koser reactlon is also an Important index -
of the viability of different types of coliform organismsﬁxg
under artiflicial and natural conditions. Thus Koser-

positive cultures (inositol-negative strains as well gsfnﬂf

inosltol-positive) are more highly resistant to\the~ant;@*5g

septic actlon of brilliant green than Koser-negative
(Bee Bection II, page 41 ). The greater vigour of the
Koser-positive stralns, as compared with the Kbser; %
negatlive, is also shown by their ability to attack the  §§;
citrate radicle; thelr gresater wviability in polluted |
streams and in stored water (Clemesha, 1912; Rogers,Algls;Siﬁ
Winslow & Cohen, 1918; Platt, 1935); their abillity ip .
many instances to ferment Inogitol, and by the fact thaﬁgfﬁ
they can frequently become encapsulated. |

The Inositol reaction. The Importance of the

»
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Inositol reactlon for the classification of coliform
bacteria has been shown by Mackie (19281) and Hay (1932).
In the case of Voges-Proskauer-negative types, 1t sharplye‘
differentlates sub«groups L (B. coli), 2 and 3, fram‘subm'i
‘groups 4 and 5 (B. friedl¥nderi); and in the case of |
Voges -Proskauver-positive types, 1t dlfferentiates sub-
group 6 (B. cloacae) from sub-groups 7 (B. oxytocua)‘and‘

8 (B. aerogenas). Its employment as a group criterioﬁﬂ

18 Justified by the well-marked features of the inositol-
foermenting types (sub-groups 4, 5, 7 and 8) which may bell!
rocapltulated briefly as follows:- encdpsulation with
consequent production of large, mucold colonles, and as

a rule the absence of motllity; very wide fermentativé/ 
activity - with few exceptions, adonitol-and sucrose-
positive; a positive Koser reactlon; the possession of
relétivaly thh.powers of resiétance to brillliant green;
in most 1nstancaé’a_po§itivé Voges-Proskauer resction.

6n fﬁe other hand, the non-inositol -fermenters (sub-
gréupé l; g, 3 and 6) are aé a rule motile and have not

so high fermentative powers as the 1noaitol-fermenters;
Also,'except for sub~group 2, they vary in their Kbser'
reactions according to their indole reactions, the indole -
negative types giving positive Koser reactions and vice

versa. Without exception, types which are Kbser-negat;va;



-152~

indole~positive and Voges-Proskauner-negative, l.e., sub-.
group 1 or B. colil types, fall to ferment Ilnositol. This
rule applies even to the types of thls sub-group, which
ferment adonitol; these are the only collform types fail?
ing to show a pqsitive correlation between the inositol
and adonitol réactiohs. Further, the Koser-negative,
non-inositol -fermenters (1e0., sub-group 1) have compara-
tively low‘powers of resistance to brilliant green, do
not beédm§ encapsulated and fall to éroduce large, mucoid
colonles; the Koser-posltive non-inositol -fermenters
have as a rule comparatively high powers of resistance

to brilliant green, and some of the types belonging to
shb-group 3, and many belonging to sub~group 6, become
encapsulated and produce large, thick mucoid colonies.

The indole reaction. Mackie (1921), Hicks (1927),

Perry (1929), Ruchhoft et al. (1931), the writer (1933) aﬁd
others have stressed the 1mpor£ance of the Indole reaction
for the differentiation of coliform types and subagroups,"
Its employment, along with the other threes regctions, for
gystematlc purposes enables sub~group 1, the B. coli, to

be vefy well-defined - a most Important matter 1in public
health work. Purther, it enables sub-group 2 to be dis-

tingulshed from sub-group 3; and sub-group 4 from sub-
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group 6. It 8lso ;1lows sub-group 7 (B.oxytocus) to be.°
differentiated from sub-group 8 (B. aerogenes) and as a
result the actlion on gelatin does not require to be de -~
tormined. (B. oxytocus types differ chlefly from B.
asrogenas in that they produce indole and slowly liquefyl.
golatin.)

While iIndole-negative types are Kbser-positive,;
1ndole~positiv¢ tybes vary in their Koser reactions, thefk
non-inositol-fermenters being Koser-negatlve and the
1nositol-fermenters,vKbser-poaitive. There are very
-few exceptions to thils rﬁle and these belong chiefly to
sub-group 2. Thus the B. cloacas types (sub-group 6)
and B. aerogenes types (sub-group 8) are indole-negative
and Kbser-positive, the typical B. colil (sub-group 1) |
are 1ndole—positive, Koser~negative and 1nositol-negative,
and the B.‘oxytocus types (sub-group 7) are indole-posi=- .
tive; KBééréﬁésiﬁive‘énd inositol-positive. Moreover, |
- there 1s a high correlation between the indole and Voges-
Proskauer reactions.\ |

Other biochemical reactions. The sucrose,

raffinose, dulcltol and inulin reactions have not been o
employed for the differentiation of sub-groups, because
these reactlons do not correlate highly with the Voges -

Proskauer, Koser, Inositol and Indole reactlions. It 13;
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however, worthy of note that sub-groups4, 5, 7 and 8,

1.6., 811l the inositol-positive sub-groups,and also sub-é;3:

group 6, the B. cloacae, are sucrose-positive, whille subaggé
groups 1, 2, and 3 are inulin-negative. The adonitoi re#fﬁj
action correlates almost completsly with the Inositol

with the exception of adonitol-positlve types of sub-

group 1 (the B. coli sub-group) These types are similark{i
in other chgracths ‘to. other types of this sub-group, 80 f;f
that fhéré appaaés to be no necesSiﬁ?‘to place them in E
a separatb group. Consequently, the adonitol reaction

has not been used as a group criterion. However, it

may be substituted for the inosltol reactlion to reduce
expenses in routine work, §rovided’it is borne in mind

that Koser-negative Voges -Proskauer-negative types e.g.,;ﬁ;
the Bs colil sub-group, ére inositol-negative, even al~  i 
though they give'positive adonltol reactions. The mann1£§i§
féaction 18 of no value for differentiating sub?g?oupé“ o
or types as all lactoae;fermenting coliform bacteria
ferment this substance. The sallcin reactlion 1s also of]_f
no velue as a sub=-group criterion, as types of subngroupéff
2~8E(the Kogser~positive types) as a rule give positive i
reactions while types of sub-group 1 vary greatly in\theipé
salicin reactions, but are most frequently positive. - As ~

has already been shown, different cultures of even classicg
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types of coliform bacteriﬁ vary in .thelr salicin reactibuéi
While the gelatin reaction is of value for the
differentiation of rapid gelatin-liquefying types of
bacteria, e.g., Proteus, from slow liquefying of non-
ligquefying types, e.g., B. coli, it is oﬁ 1ittle value
for the differentiation of sub-groups or types of coli-
form bacteria. Those collform cultu:as which liquefy
gelatin do sq'in:mostainstances very slowly, the process
taking fre{;ueﬁﬁly"from 4 ﬁb 12 weeks at 20 or 37°C. A
fairly high proportlon (approximately one-third in the
writer's investigations) of the cultures of classic
gelatin»liquefying types, ©.g., MacConkey's types nos.
108 (B. cloacae) and 65 (B. oxytocus perniclosus), may
fail to liqﬁefy gélatin within 3 months. Gelatin-lique- -
fying types of coliform bacteria maj{be differentiated |
as a rule from non-liquefying types by other characters.
Thus liquefying types are rarely Koser-negative. They
are generally Koser-positlve, Voges-Proskauwer-positive
types which are elther motlle, e.g., B. cloacée; or noanf}
motile and indole-positive, e.g., B. oxytocus. (MacConkey's
types nos. 36 and 70 are liquefying but are not Included
in either of these categorles. They are Koser-posltive,
motile, indole-negative, and Voges-Proskauer-negative.

They resemble in these characters certaln non-liquefylng '
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' types, e.g., MacConkey's types nos. 7, 74 and 109, but
they can be distingulshed from the latter by other bio-

3

chemical reactions, and anyway, they sre of comparatively

rare occurrénce.)

Motllity. As the coefflcient of assoclation
between motility and the inositol reaction is high
(- 0.967), the inositolQnegétive sub-groups are character—;gi
1zed by mbtility, and the Inositol-positive by non-motiiity.
The chief exceptions to this rule are certain non-motile . j
inositol-negatlive types which are commonly accepted as
being typical B. coli (sub-group 1), a}g., MacConkey's
types nos. 2, 5, 35, .72 and 107. There appears to be no
need t0~group'these apart from the motile B. coll types.
The few 1ndsitol-fenmanting cultures, which are motile,
belbﬁgvéh;gfly to MacConkey 's type no.102 or are of
atypicai strains. Cultures of no. 102 are similer to B.
aerogeﬁeé't&pés in thelr Voges-Proskauer, Koser, inositol
andfinddle rééztiona and are theréfore included in that
sub-group. Accordingly, it would appear that if the
inositol reaction 1s employed as a group criterion, there
is no need to use in addition the presence or abgence of /
motility. Bergey (1923, 1934) subdivides the Voges-Pros-
kauer-positive types, the genus Aerobacter, according to

motility and thus differentiates B. cloacae types from B.
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serogenes and B. oxytocus. On the other hand, by employ;;
ing the Voges-Proskauer, Koser, inositol and indole re=- .
actlons as group criterla, the B, cloacae types are'dif-i;
ferentliated from the B. aerogenes and B. oxytocus types = .
by the: inositol reaction, and the B. oxytocus from the iy

B. aarogenes by the indole reaetion.

 pIscussTon

’}iSJ“The membéré of the cclifdrﬁ groﬁp are apparent¥¥
1y so numerous and so clossly interlinked, that no mattgfé
which feature is used for differentlating purposes, ty@éﬁf
can generally be distinguished which are identical 1n‘éi¥é
other respects. Thus, although the Voges-Proskauer-
negative types (the Bscherichia types.of Bergey (lQBS,Tlﬁﬂ
1934))d1ffef from the Voges-Proskauer-positive (the
Aerobacter types of Bergey) in their manner of carrying' ¥
out fermentation, nevertheless, with regard to other
characters, the former freguently present identicgl E
features to the latter, as in B. friedlinderi (a Vogasai,f
Proskauer-negative or Escherichla typs) and B. aerogeﬁésf?
(a Voges-Proskauer-positive or Aerobacter type). Againgii
1f the salicin reaction 1s used as a differential in
addition to those characters employed by MacConkey, 1%  ??

is possible to diatinguish twoltypes of each of such
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classlc organlisms as B. coli communis Escherich (ESché,'“f*

richia communis) and B. colil communior (Escherichia’cBﬁQ,TQ
munior). In a few instances a character shows aJvarya |
high correlation with one or more other charactefs,7but‘&
even in such cases, types can generally be found in Whichi;
the correlation does not occur. Even with the classic - .
types of coliform bacteria, 1ndividual cultures may be (?!g
found which have atypical features.‘ Thus cultures maﬁ-gf;f
be similar in thelr characters to B. lactis agrogenes
(Aerobacter aerogenes) or to B. cloacée (Aerobacter

cloacae) except that they fall to glve Koser-posltive -

reactions.
Further, the envirommental origin of differenﬁa‘“if
types 1is now considered to be much less significant sinéé;;

1t hes been shown that the so-called non-faecal types/

(the aefogenes—clbacae typos) are almost always presenﬁ*f,g
in human and animal faeces, although in relatively small .
numbers under normel conditions. While these organisms‘?ii
may be Praéﬁﬁéiin 801l and water and on fodder and graiqggf
even in absence of recent faecal contamination, 1t woulaﬁiﬁ
appear from the findings of Bardsley (1934) and others’1!i€
that, 1ike the B. coli types, they are not widelyfdisa; :?4
tributed-iﬁ nature except where there has been at saméﬂ;idf

time or other faecal contamination.
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Taking into account all these facts, 1t would

appear that the coliform group should not be dividedlinECYE

two or more genera. The inclusion of the numerous t&peéll;
in one genus is justified by the close inter-velation
shown by them In thelr biological characters and 1n theiffi
relations_tg‘anvirpnmentglehe(gr@up,\however, may be o
divided’lﬂto.eight subnéroups, bj employing the Voges-
Proskﬁﬁer;‘ﬁbger; Inositol and 1ndol§ reactions as aubg f£
groupgchiférié; of thésé'sub&gfoupa, no.l, i.e., theB.‘é;
coli types or typilcal B. coli (V0ges-Proskauerwnegative,'E
Koser-negative, inositol-negative, indole-positive) and;fff
no.8, i.e., the B. aerogenes types (VOgas-Proskauer-’ :
positive, Koser-posltive, lnositol-positive, indols~- =
negative), present the most striking contrast with.regarﬁ}
to such features as motility, encapsulatlon, amount:of -
acid produced Iin carbohydrata.media (methyl -red reactionﬁi
CO, to Hp ratio, Voges-Proskauer reaction, ability to o
obtain thelr carbon from cltrates and thelr nitrogen frqﬁ@
uric acld, powers of fermentation, indole formétion and‘wz
reslstance to brilliant green. The types comprisiné'thefﬁf
other sub=groups are intermediate in their characters |
between the B. coll and the RB. aerogenes; thus the non~"“
inositol-fermenting Voges-Proskauer-negative types, 116., £

sub~-groups 2 and 3, resemble fairly closely the B. coli;
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the non-inositol~formenting Voges~Proskauer-positive
types, l.e., sub-group 6, or B, cloacae types, resemble"ﬁ
-In some respects the B. coll types and in other respectgiz
the B. merogenes; and the inositol-fermenters (Voges- .
Proakauar—negative as well as ngea-Proskéuer-positiva.
types), l.e., sub-groups 4, 5, and 7, are very similar

to tha B. aerogenes.

(2) Of all the coliform sub-groups no.l (the B. coli;f
or typical B. coli) is widely recognised to be of specialjf
importance. This is due to the fact that it includes

those,types which are by far the most prevalent in humen

and animal fasces, comprising the great ma jority of
coliform cultures obtained from such sources when isola-
tions are made by the usual methods (see Table 11).

Organisms of these types may also be found in soil, im

water and on plants; but in absence of recent fascal

cdntamination their incidence in such.en#ironment is céﬁé;i
paratively low and in many instances they ars not fo 1.'»:9"‘ "15i
‘feund. It would therefore appear that they thrive best ‘
in the intestines and cannot persist indefinitely inlsoilii
and water. On the other hand, all the other coliform

sub~groups, ©.8., the B. aerogenes, B. oxytocus and B.
cloacae, consist of types which occur in relatively sméliif

numbers in human and animal faeces, although they are
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almost always present, as can be demonstrated by enfich-“

ment methods. As already mentloned, they may be found

in nature, e.g., In soll and water and on gralns, even.
in absence of recent faecal contamination, although they -
are apparently not widely distributad-except where there
has'bean,'at samegt;me or other, aﬁQh contemination.
H0wevér, they are generally tﬁe domlinant colilform types.
in soil, bseing appareﬁﬁly better:adapted than the B. colik
types to 1ive'in a natﬁral'environmént, but 1es§ adapted i
to 1live in the Intestines. This 1s borne out b& the
following facts:

(a) The B. aerogenes types occur in fresh faeces |
as a ruie only in small numbers; but as shown by Olemesﬁa‘
(1912), i1f water 1s polluted with sewage, these types,.
though rare at flrst, are extremely common after a few
days. Rogers (1918) showed that they were sble to sur-
vive longer than B. coll types 1n water held in bottles,.
and in runhing water and polluted streams; and his re-
sults as regards stored water are supﬁorted by the find-
ings of Winslow & Cohen (1918) and Platt (1935). :

~ (b) The 1noéitol-positive types and the B. cloacae
(sub=-groups 4-8) are frequently encapsulated, énd theré~.

fore might be expected to be more resistant to adverse

conditions generally than the non-capsulated coliform
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types which are prevalent in the Intestines. Thus they k
can resist a highar concentration of brilliant green than;
the latter. In addition they can attack a much wider
range of substances than the B. coll types.

Having regard to the foregoing, it 1s evident

that the 1ncidence of any type of celiform organism in
soll or;in,wateg‘serveg as an_indication of fmecal con-
taminatibﬁ,n?éheipresence of 1afgeﬂnﬁmbers of subwgroup ii
"(B;'coli types) In water 1s evidence of recent sewage ",
pollution; On the other hand, if drganisms of only sﬁb- ;

groups 2-8, e.g., B. serogenes and B. cloacae types, afé;*“?

present, there still remains.the probability that faecel
contamination has occurred, but not at a recent date.

' The occurrence of large numbers of coliform 6f~7i
ganisms in milk 1s accepted as an index either of excessive
contamination or of storage at too high temperatures.
While the sources of these organisms may be various, e.g.,

the utensils, animal's skln, byre dust, etec., the fact

must be bérﬁg in mind that bovine faeces contain large
numberé of the B. coll types and almost always, in ad-
dition, the B. cloacae, B. aerogenes and other typéa4(subQ
grdups 2-8), though in smaller numbers. Consequently,

there 1s always a possibility that bovine faeces may'bek“

the original source of such contaminsntssns in milk, no




-143~

matter whether they are of B, coll or other cblifomm’tjpéai
SUMMARY

A study of the blological characters of 1636
cultures of coliform bacteria, isolated from milk and
bovine faeces, shows that the colifonm group consists
of a larga number of different types. These types are.
80 closely interlinked 1n characters and in relations to~ S
envirorment as to justify_their inclusion in one genus,’”ii

Nevertheless, for systematlc purposes, the group may bej.':

subdivided into sub-groups, the Voges-Proskauer, Kbser,ing
}1nositol and indole reactions belng reliables and out-
standing eriteria for thils purpose. These charac?ers e
“show almost perfect correlations with various other

characters. Thus Voges-Proskauer-negative types have & . .

low COy to H, ratio end are methyl-red-positive; Voges=- -
Proskauer#positive tyﬁes have a high C0o to Hy ratio, :
are methyl -red-negative and Koser-positive. Kbsef—nagau 3{
tive types are not highly reslstant to brilliant'green;‘

are non-capsulated, do not form’thick:mucoid colonies“éndﬁf

are Voges-Proskauer-negative, Inositol-negative, and
indole-positive. Koser-positive types are highly resist-
ant to brilliant green, and with the exception of group

2 and certain members of group 3, are frequently encap-
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sulated and form thick, mucoid colonles. Non-inositol-
Termenters aré as & rule motlile and wlth the exception
of a few typical B. coli, adonitol-negative. Inositol-
fefmenters are Koser-positive, adonitol -positive, sucrdsé;
positive and raffinose-positive; are frequently encap-
sulated end form thick, mucold colonies; and as a rule
are non-motlile. Indole-negative types are Kbser-positi&e,
while indole-positive types are generally Koser-positive
or negative according to whether the Iinositol reactions
are posltive or negative.

By means of these four characters (the Voges-
Proskauer, Koser, Inositol and indole reactions) it
is possiple to arrange collform typeé in the following
well defined.subagronps:-




T e W Tl T

Prosksusr Koser HﬂOmwﬁoH Indole

MacConkey's types

. Sub-group of types

1. B. coli

2. Intermedicte

3. Intermedisate

4, Intermediste

5. B.friedl¥nderi

. B m.mwomommm

7. m.ouwaoammm

8. B. serogenes

1.

1,2,4,5,35,34,35,

71,72,100,1086,
107.

As sbove but
Koser-pcsitive,

7, 36, 70, 74,

100.

mm,H 101.
68, 99, 104t

3,69,73,75,1 105,

108.
65, o7t

67,98,102,103.

Habitat

Most prevalent coliform .
bacteris in Intestines
and fseces; less common
in soil.

Found occasionally in
soil and faeces.

Pound freguently in soil
and occasicnglly in
faeces.

Seldom found either in
g0il or feeces.

PFound in upper respirat-
" ory tract and to a “

limited extent in the
intestines and faeces.

Found frequently in the
Intestines, faeces and
soil, and on plants.

Found occasionally in
faeces.

Found frequently in the
intestines, fszeces and
soil, snd on plants.

Differing from Emonoﬁwmw 8 ﬂqwm in inositol reaction.
2. Frequently liguefy mmwmwks.
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TABLE 1.

Cultures of coliform bacteris found in bovine fasces by the owmpﬂmﬂq.smnwnam

of isolation, (&) snd (b), during the winter period (when cows were confined to

byres) and during the summer period (when cows were at pasture.)

Sub-group of

BIOCHEMICAL REACTIONS

NUMBER OF CULTURES ISOLATED

types. Voges
Proskauver- {Koser {Inositoli Indole Winter {Summer{Whole perlod

1. B. ecoli - - - + 211 119 350
3. Intermediate - + - - 2 0 2
5. B. friedlénderi - + + - 1 0 1
6. B. cloacsae + + - - 2 0 2
7. B. oxytocus + + + + 3 0 3
8. B. aerogenes + + + - 4 0 4

223 342

119

¥ Numbered to correspond with Tables 3 and 10.
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TABLE 2.

Types of Koser-pcositive oowwwoﬁagwmoﬂmwwm found in bovine faeces by

enrichment methcds of isolation, (a}, (b), and (c)}, during the winter period

{(when cows were confined to byres) and Guring the summer wmuuom (when cows were

at pasture).

mmdummoﬂw of

NUMBER OF CULTURES TSOLATED

BIOCHEMICAL REACTIONS

types. Voges~ . :
Proskasuer { Koser |Inositol (indole | Summer:{Winter{Whole period
® : ww ,

2. Intermediats. - + - + 6 5 11
3. Hwnwwammwmﬁm\ - + - - 3 26 29
¢, Hsﬂmwamg»mam - + + + 5 | 6 11
5. B.friedlénderi - + + - 7 2 9
6. B.cloacas + +xw < - 4w©A 50 .mw_ n
7. B.oxytocus + + ._+@_ + 14 | 4 18
8. B.asrogenes. + <,Mﬂ. L+ - | 54 32 86

| 128 125 253

o, i

Numbered to correspond with Tables 3 and 10
Six cultures gave indole-positive reactions.
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TABLE 3. Showing biochemical reactions and motllity of 595 cultures of coliform

bacteria isolated by ordinary and enrichment methods from bovine faeces.

Voges -

Sub -group Pros- . jMotilityiAdonitol {Sucrose jDulcitol Inulin
of types. kaver |KoserInositol|Indolef + - § + -1+ - + - + -

1. B.coll - - - + 202 38 | 30 300{210 120 {281 49| 0 330
(330 culturss) 4 '

2. Intermediate | - | + - + {7 441 3 8 8 31 8 3|0 11
(11 cultures) :

3. Intermediate - + - 1 - 13 1 0 31|16 15 5 26| 0 31
(31 cultures) ,

4. Intermediate - + + + 1 10 (11 ol11 o 5 6| 1 10
(11 cultures)

5. B.friedl¥nderi] - + + - |2 810 ol10 of & &)1 9
‘(10 cultures) | . , .

6. B. cloacae o+ + | - - |8 ‘9| 3 891 o335 58| 6 85
(91 cultures) | 3 . :

7. B. oxytocus | + + |+ + | 2 19 |2 1l2x of18 3l15 6
(21 cultures) : S

8. B. serogenes | + + + - 110 80{8 590 olea esl1s M
(90 cultures)
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TABLE 4. The rate of multiplication of different types of
coliform organlisms in pure culture Iin sterlllsed or partlally
sterilised milk held at 17°C. for 24 hours. The cultures be-

longing to each sub-group are arranged 1ln ascending values of

the ratios of final counts to inltial counts.

Ratio of fineal

Type of Initial count Final count count to initial
organlsms per ml. per ml. count.
B. coli sub-~group. 3,700 70,000 19
(30 strains). 4,800 90,000 19
79,600 1,960,000 25
13,900 500,000 56
14,900 650,000 44
4,400 200,000 45
39 + 2,300 69
18,8500 1,110,000 60
&9 + 4,300 73
13,700 1,020,000 74
38 + 2,600 79
6,800 570,000 84
36 + - 3,100 : 89
1,660 160,000 96
12,800 1,240,000 o7
11,600 1,150,000 99
7,000 740,000 106
41 + 4,900 120
29 + 3,500 121
4% + 5,400 126
59 + . 8,100 137
6,600 1,090,000 166
6,900 - 1,170,000 170
20 + = 5,900 203
3,800 770,000 : 203
30 + 7,200 263
33 + 9,000 273
88 + 25,600 291
28 + 8,500 504
49 + 20,900 437
B. cloacae sub-group ‘ :
(11 strains) 2,400 1,555,000 648
100 + 66, 000 660
50 + 37,900 758
36 .+ 29,000 806
66 + 54,000 818
3,050 2,970,000 974
56 + 63,000 1,125
61 + 71,000 1,164
46 + 95,000 2,065
1,050 3,530,000 3,562
7,600 47,610,000 6,264



TABLE 4. (Contd)

“Ratlo of Final

Type of ‘ Inltial count  Final count count to _
organisms. ~ per ml. . per ml. Initlal count. .
B. oxytocus sub-
-group (20 stralns) 14 + 11,600 . 829
o , 58 + 52,300 902
19 + - 19,000 1,000
1,400 1,470,000 1,050
40 + 44,000 1,100
47 + 53,000 1,128
131 + 161,000 1,229
58 + 72,000 1,241
33 + 42,000 1,273
77+ 105,700 1,373 .
36 + 50,000 1,389
60 + 86, 000 1,433
47 + 89,000 1,894
55 + 105,000 1,909
74 + 168,500 2,277
8l + 205,500 2,537
8560 - 3,150,000 3,706
- BT+ 215,000 3,772
- 480 2,105,000 4,678
"800 . 6,880,000 8,600
B. aerogenes sub- - .
group (14 strains) 3,700 - 2,135,000 577
, 56 + 35,300 630
7,900 6,130,000 . 776
18 + 15,400 856
119 + 129,000 1,084 -
4,250 4,665,000 1,090
43 + 67,000 1,558
47 + 99,000 2,106
65 + 140,000 2,154
1,400 35,390,000 2,421
46 + 145,000 5,152
7,200 23,240,000 - 5,228
8,300 26,830,000 3,833

3,800 14,840,000 3,908

+ Employing standardised suspensions. See text.
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TABLE 5. The rate of multiplication of different types of
coliform organisms in pure culture in a specimen of raw milk
held at 17°C. for 24 hours. The cultures belonging to each -
sub~group are arranged Iin ascending values of the ratios of
final. countd to initial counts.

‘ Ratio of final
Type of Initiael count Final count count to

organlsms per ml. per ml. initial count
B.coli sub-group 1,868 700 Q0.5
(13 strains) 2,618 1,200 0.5
2,208 2,700 1
2,638 10,200 4
2,908 16,200 ~ 6
5,518 22,700 6
6,118 34,200 6
4,118 51,200 12
1,328 58,700 44
5,418 171,700 50
2,318 122,200 53
3,018 198,200 66
2,218 169,200 76
B.cloacae sub-group 4,018 80, 200 20
(3 strains) 2,198 502,200 228
1,958 3,997,200 2,042
B. oxytocus sub-group 10,218 18,200 2
(7 strains) 2,418 827,200 342
: e 2,618 . 992,200 379
2,318 2,062,200 885
2,148 2,762,200 1,286
2,538 3,794,200 1,623
2,118 4,197,200 1,982
B. aerogenes sub-group 4,218 4,700 1
(6 strains) 1,788 627,200 3561
2,818 2,237,200 794
3,448 35,137,200 210
2,818 4,997,200 1,773
3,118 7,597,200 2,437

Control without addition
of any culture. 282 2,800 10

The initial and final counts of sach coliform type were
obtained by subtracting the initial and final counts respective-
ly of the control from the Initisl and final counts of each '
milk culture. :
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TABLE 6. The rate of multiplication of different types
of coliform*organisms in pure culture in (&) steriliséd‘
milk end (b) raw milk, held at 17°C. for 24 hours. The

- rate of multiplication 1s expressed as the ratlo of final :;

count to initial count of the milk.

RATE OF MULTIPLICATION

Sterillised Milk Raw Milk
B. coll »
(10 strains) 25 6
44 50
09 53
120 . 4
137 12
166 6
170 05
203 0.5
- 291 6
427 66
Aerogenes ~cloacae o 578 1
(13 strains) . A 110 910
, A T . ‘ 660 228
| 76 . 351
902 379
1,084 794
- 1,229 1,623
1,373 ' 542
1,433 885
2,154 1,773
2,77 1,286
2,537 1,982
3,088 2
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TABLE 7.

The relative rates of EmwwwﬁHwamwwoﬁ of aercgenes~cloacae ﬁ%@mu
to B. coli, when growing in mixed culture in milk at 17°C. for 24 hours.

Ratlo of multiplication

Ratio of multiplication

Experiment. rates: Experiment. rates:
aerogenes~cloacae to aerogenes~cloacae to
B. coll. B. coli.

1. 5.3 . 2l. 0.6
2. 31.8 R2. 11.0
5. 63 23, 367
4. 33.4 24, 2.0
5. 1.4 25 12.5
6. 0.4 “26.. 5.2
7. 19.4 27, 3.0
8. 8.3 . .28, 9.0
9. 7.8 .29, 0.3
10. 5.0 -30. 25.6
11. 24 .4 &1, 14.1
12. 7.7 32, Sl
13. i1.0 B35 6.3
14. 52.8 34, 4.0
1s5. 5.0 595. 0.1
186. 4.2 36, 0.3
17. 2.8 - 87. 14.1
18. 0.2 .88, 4.0
19. 90.7 39, . 2l.2
20. T - 17.4

PR o
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TABLE 8. The influence of temperature on the relative

rates of multiplication of aerogenes~cloacae and B. coli

types, when growing in mixed culture in milk for 24 hours.i
Beach figure indicates the ratlo of the multiplication
rate of the aerogenes~cloacae type to the multiplicatioh;f;

‘rate of the B. colil.

| TEMPERATURE OF INGUBATION B
17%. | 22%. 30°C. 57°¢.

Experliment

- 21.
22,
23.
24,
25‘
26.
27.
28.
29.
30.
S8l.
" 52 .
. 55. B
34.
35.
S B6.
37
-39,
40.
41 .,

»
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TABLE 9. The coliform flora oi‘milk which has been inoculated
with bovine fasces and held for 36 hours at 17°C.

NUMBER OP CULTURES ISOLATED FROM THE. MILK
Faecal :
Specimen 1 Aerogenes- cloacae type
' B. coli Tntermediate | (B-8erogenes,B.cloacae
t : . B.oxytocus gnd B. - .
ypes , ,, WP °8 friedlanderﬂ, ).
l . - haad 26
2. . 1 5 23
3. , g 6 4 3
4., 1 5] -
5; ‘ L] - 2
6. - 2 v
(a. : - 28 - -
7. (b. , 14 - -
(c. . 10 1 -
(a. 33 - -
8. (b. 30 - 1
- (e 30 2 -
(a. - 5 9
9. (b. 2 3 10
(ae - ; = o 26 B : ~X
10- (b . B v '7 . . i L -
(C. o T i 8 - : b -
(a. =~ - 1 13
11. (b. 4 1 6
(c' 2 - 8
(a. 5 3 1
120 (be 2 b 7
(c. 4 - 12

X Cultures of aerogenes-cloacae types were obtained on
re-examination of colonies on original plates.

Inoculum consisted in "a" of 1 ml. of faecal suspension;
in "b" of 0.5 ml. and in "c* of 0.25 ml.
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TABLE 10. Showing blological characters of 1597 cultures of
coliform bacteria obtained from milk and bovine faeces by
ordinary and by enrichment methods of 1solation.

B ' Voges ~
Sub-groups of COg:Hy| Pros- : MacConkey's
- types. kauver |Koser|Inositol |[Indole|  types
1. B.coli Low - - - + |1,2,4,5,33,
L 54, 3b, 71,
72, 100,
» 1106, 107.
."’jzgﬁlntermediate " - + - + As above but
‘ ‘ Koser-posi-
tive.
' 5. Intermediate " - + - - |7,36,70,74,
4. Intermediate J - + + + les,t 101.
5, B.friedldnderi | " | - T - |68,99,104"
- 6. B.cloacae High« A# -+ - - 5,69,75,751
' 105,108
. 7. B.oxytocus " + + + + |65,971
. 8, B.aerogenes LI o+ + - |67,98,102,
103. '

J

|

|

{The mannitol, raffinose, saliein and me thyl -red reactions have

1. Differing from MacConkey's type in inositol reactions. Thirty-

not included in the table.

Detalls of their characters are given
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Motility |Adonitol |Sucrose Dulcitol | Tnulin |Gelatin
+ - + - +u - + - + - + - MTotal
785 97 |106 776 | 512 370 |692 190( O 882| 5 877 882
13 5 7 11 12 6] 12 6| o 18] 1 1% 18
124 2| 1 125) 48 78| 40 86| o 126] 9 117 126
1 22| 25 ol 23 o 7 16| 1 22| 0 23 23
4 29| 3& 0| 83 0] 14 19| 5 28] 3 30 33
198 13 4 207|211 0] 59 152]13 198 141 70 211
4 e7| 70 1| m o s5 16|59 18| 47 24 71
34 199|222 11 232 1| 42 191| 43 190 233

24 209

not been included for reasons glven in text.)

nine cultures out of a total of 1636 were of atypical stralns & are

in text.
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TABLE 11. Types of coliform bacteria lsclated.

By
enrichment
By ordinsry methods ! methods.
Voges -
. Pros- Bovine Bovine
Sub~groups of types kauer Koser | Inositol | Indole | Milk faeces. faeces
1. B. coll - - _ - + 435 @pqw A1l culturss
) discarded.,

2. Intermediate : - + .- U 1 0 17

3. Intermediate - + - - 74 2 50

4. Intermedlats - + + + 1 13 0 10

5. B. friedl¥nderi - + 4 - 20 1 12

6. B. cloacae + + , - - 94 2 115

7. B. oxytocus + . + + 22 3 46

8. B. aerogenes - : + + - * - { 105 4 124
764 459 574

H. 117 of these cultures were obtained from bovine faeces during preliminary
experimental work on enrichment methods. ‘ o

—
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