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1. INTRODUCTION 

1.1 The discovery of t he coliform bacteria and t he development of differential 
media 

The t wo classical coliform bacilli, m• Bacterium coli commune 

(Escherichia coli) and Bacterium lactis aerogenes (Klebsiella aerogenes), 

were isolated from the f aeces of breast-fed infants by Escherich in 1885 

(Prescott, Winslow and Mccrady, 1946; Windle Taylor, 1949, 1958; Wilson 

and Miles, 1955, 1964; Breed, Murray and Smith, 1957; Burrows, 1959, 1963). 

Escherich described the former as f airly long motile rods which clotted 

milk slowly and the latter as short plump non-motile rods which clotted 

milk more actively (Wilson and Miles, 1964). Both were Gram-negative, 

ga~e characteristic colonies on gelatin, agar and potato and formed gas 

in glucose (Bardsley, 1926). 

Since the discovery of the first two coliforms (vide supra)many 

workers have contributed to their classification and more coliforms have 

been discovered. In 1890 Jordan identified another coliform from sewage, 

Bacillus cloacae (Klebsiella cloacae) (Breed et al. 1957; Burrows, 1959; 

Smith and Conant, 1960; Wilson and Miles, 1964). This bacillus could 

be differentiated from Bacterium lactis aerogenes by virtue of its ability 

to liquefy gelatin. (Jordan, 1903; MacConkey, 1905). He described this 

bacillus further in 1903 (Jordan, 1903). 

Fermentation tests provided a useful method of distinguishing certain 

species of Enterobacteriaceae from others. Smith introduced the ferm-

entation of l actose in 1890 to differentiate Bact, coli commune from 

other Enterobacteriaceae (Wilson and Miles, 1964) • . Later this became an 

important primary distinguishing test for all the coliforms. In 1896 

Refik added the fermenta tion of lactose and the production of indole to 

the existing fermenta tion of glucose and the clotting of milk to divide 

the coliforms into groups (Bardsley, 1926). 

More tests for differentiating the coliforms followed soon, m• 
gas-ratio (i. e . the r atio of co2:H2 produced - Bact, coli commune 1:1, 

Bact. lactis aerogenes and Bact. cloacae 2:1) - Smith in 1895; Voges

Proskauer (V.P.) reaction - Voges and Prostauer in 1898, and the Methyl

red (M.R.) test - Clark and Lubs in 1915 (Bardsley, 1926; Wilson and 

Miles, 1964). By utilising the gas-ratio, the Methyl-red test and the 

Voges-Proskauer reaction, the coliforms could be divided into two main groups, 

i.e~ the Bacterium coli (commwe) group and the Bacterium lactis aerogenes -

cloacae group. (Bardslay, 1926, Wilson and Miles, 1964). In the latter 

group/ ••• 
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group Bacterium cloacae could be diff erentiated from Bacterium lactis 

aerogenes by means of the gelatin liquefaction t est (vide supra). 

Several classification systems have been worked out for coliforms, 

e.g. Durham in 1901 (Bardsley , 1926) and Jordan (1903). These were 

followed by the preliminary classification of MacConkey (1905), which 

was revised (MacConkey, 1909). This l ast detailed classification was 

based on motility, indole production, Voges-Proskauer reaction, gelatin 

liquefaction and the fermentat ion of inositol, adonitol, sucrose, dulcitol 

and inulin. By means of these reactions he classified t he coliforms 

isolated from faeces, sewage, water, soil,various grains, etc. -Many of 

the reactions used by MacConkey , are,however, today of subsidiary im

portance in water bacteriology (Windle Taylor, 1958). 

During the same decade Houston employed t he so called "f laginac" 

tests for the classification of the coliforms which produced acid and gas 

in MacConkey (dextrose) broth (Thresh and Beale, 1925; Bardsley, 1926). 
These tests, used for nearly a quarter of a century in Brita in, consisted 

of the production of fluorescence (fl) in neutral red broth, acid and 

gas (ag) in lactose peptone, indole (in) in peptone water, acid and clot 

(ac) in litmus milk, and acid and gas (s) in saccharose. According to 

these, Bacillus coli, i.e. Bact. coli could be class ified i nto "flaginac~ 

"saginac","aginac", "sagin" or 11agin B.coli" (Thresh and Beale, 1925). 
The first three belonged to "the true Bacillus coli group." 

In 1919 Winslow, Kligler and Rothberg employed only five tests, 

for the classifica tion of coliforms, viz. motility, adonitol, sucrose, 

salicin and dulcitol (Windle Taylor, 1949). With the aid of these they 

confirmed only seven of MacConkey's twelve. Buct. coli strains (vide supra). 

Koser (1923) introduced a citra te medium by which he provided another 

differential test between Bacterium coli and Bacterium lactis aerogenes 

(Bacterium aerogenes). In the following year he studied t he use of 

this citrate medium further (Koser, 1924). For the first time he could 

separate the coliforms into three groups, fil• Bacterium coli, 

Bacterium aerogenes-cloacae and the Intermediates (Bacterium freundii). 

Koser (1926 a, 1926 b) described this new group of coliforms further. 

The existence of Bact. freundii (Citrobacter freundii) was confirmed by 

Bardsley (1926, 1934) and, according to Windle Taylor (1958) and Wilson 

and Miles (1964), by Pawan in 1925. 

Employing the M.R., the V.P., the oitrate and gelntin liquefaction 

tests, the coliforms could then be differentia ted as follows 

Ba c.t .. c.eii/. • • 
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Bact . coli (+ - ) , 
Bact . freundii (+ - + - ) , 
Bact. aerog;enes (- + + - ) , and 

Bact. cloacae (- + + + \ 
I • 

In water bacteriology, however , Thresh and Bea le (1925) still fo llowed 

the same lines of Houston' s class i f ication (vide supra) . Although they 

added the tests for motility and gelatin liquefaction, they still stressed 

the importance of the production of : acid and gas within 48 hours in a 

bile-salt glucose broth and i n a bile-salt l actose broth, indole in 

peptone water , and acid and clot in milk wi thi n three days . 

As early as 1926 , Bards l ey gave an excellent summary of a ll the 

methods previous ly employed , out of which she selected several tests f or 

the class ification of the coliforms and which are still cons idered im

portant for the classification of coliforms . She employed MacConkey 

bile- salt l actose broth (acid and gas wi thi n 24- 48 hours a t 37°c.); 1% 

peptone water (indole production after 48 hours a t 37°c ., l ater within 

5 days ); Clark and Lub's gluc0se-phospha te medium (Methyl-red and Voges

Proskauer tests after 5 days a t 30°c . ); citrate medium (Koser 1s reaction 

after 5 days at 30°c.), gel atin stabs (liquefaction after 5 days at 20°c.), 

and litmus milk (acid and clot within 48 hour s or 3 weeks a t 37°c . ) 

(Bards ley , 1926). 

Late:- , i n 1935 , Wilson , Twigg , Wright , Hendry , Cowell and Maier drew 

a ttent ion to a fif th group of coliforms, which they could not satisfactorily 

place in the exi sting genera, and consequently named them the Irregul ars 

(Batty- Smith , 1942 b ; Wilson and rhl es , 1955 ; Windle Taylor, 1958). 

Still another group, the so-called I ntermedi ates from f aeces , was 

described by Parr (1936 a , 1936 b , 1937, 1938) . According to their 

biochemica l reac t ions , s ome of these Intermediates corresponded to Koser's 

Intermediates (vide supra),so~e to Bacterium aerogenes , others to certa in 

of the Irregul ars (vide supra ),while the remainder were newly described 

coliforms . 

Another of the numerous biochemical tests developed was that for 

H2S production . Thi s test was ultimately finalised by Vaughn and 

Levine (1936) . Haterinlly this test assi sted only in additiona l con

forma tion of t he classification of the Intermedi ates (i . e . Koser ' s Inter

media tes or Bacterium freundii) and l a t er repl a ced t he litmus milk test 

of Bardsley ' s class i f ica tion (vide supra ) (Windl e Tay lor, 1958; Wilson 

and Hiles , 1964) . 

The mnemonic/ ••• 
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The mnemonic IMViC was introduced by Parr (1938) to designate four 

reactions, viz . indole (I ) , Methyl- red (M), Voges-Proskauer (V) and 

citrate (c) . This still forms the main reaction of coliform differen-

tiation in the United States of America (Prescott et al . 1946; 

American Public Health Association et al . 1960; Salle , 1961; u.s, 
Department of Health et al . 1962; McKee and Wolf , 1963) . 

A test , in which a 1.4% glucose medium was used and in which the 
0 cultures were incubated e t 46 c ., was introduced by Eijkman in 1904 

(Batty- Smith, 1942 b; Wilson and Miles , 1955) . For 30 years anomalous 

results were obtained in enploying t hi s technique . Then a comparison 

between incubati on temperatures 43° to 44°c . and 44 . 5° to 46°G . was made 

by Levine , Epstein and Vaughn (1934) . Finally in 1935 Wilson and his 

co-workers standardised the incubation tempera ture at 44°c . (Batt y-

Smith, 1942 b) . During this study of temperature relationships glucose 

was replaced by lactose in the medi um to render it more specific 

(Wilson and Miles , 1955) . 

As a result of these earlier experiments on the optimum temperature , 

the specified incubation temperatures for this "modified Eijlanan test" still 
-I) 0 0 0 0 0 0 

vary from 4J t o 46 C. , fil• 43 C., 43 . 5 C., 44 c ., 44 . 5 c ., 45 C., 
45 . 5°C. and 46°c . (Levine et al . 1934; Perry, 1938; Hajna and Perry , 1939; 

Stuart , Zimmerman, Buker·and Rustigian , 1942 ; Levi ne , Tanimoto, Minette , 

Arakaki , Fernandes , 1955 ; Pederson and Skinner , 1955) . It was , 

however , undoubtedly proved by Batty- Smith (1942 b) , Sherwood and Clegg 

(1942) and Taylor (1945 ) that the higher the incubation temperature rose 

above 44°c . , the more Bact . coli strains would be unable t o produce acid 

and gas , whilst below 43 . 5° c . some Bact . aerogcnes strains would generate 

acid _and gas . By means of this test , however , the genus Bacteri um and 

the Irregular group could be differentiated into various strains im

portant in water bacteriology, i . e . Bact.coli , type I , Irregular , type I I 

and Irregular , type VI which produce acid and gas at 44°c ., while all other 

coliforms are unable to do so (Taylor , 1949 ; Wilson and f1iles, 1955) 

(vide 4 . 2 ). 

Although the usefulness of this 44°c. test was immediately realised 

by British author i ties (Great Britain Ministry of Health et al. 1956; 

Publ ic Health Laboratory Service , 1957 ; Windle Taylor , 1958; Wil son and 

Miles, 1964) , many American authors have always been reluctant in 

accepting it as of real significance (Prescott et al. 1946 ; American 

Public Heal th Association et al . 1960 ; U.S . Depar tment of Health et al . 1962; 

McKee and/ • •• 
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McKee and Wolf, 1963). This a ttitude is pro bably based on the anomalous 

r esults obta ined by employing different temperatures i n the 43° to 

46°c . r ange (vide supr a) . As a standa rd test a t 44°c., as indicated 

by Batty-Smith (1942 b), Sherwood and Clegg (1942 ) and Taylor (1945), it 

is, however , a va luable differentia ting tool. The value of the modifi ed 

Eijkman test has now been amply proved by Bards l ey (1938, 1948), Perry 

(1938), Raven , Peden and Wright (1940) , Ferr amola (1940) , Sherwood and 

Clegg (1942), Batty- Smith (1942 b) , Stuart, Zimmerman et a l •. (1942), 

Taylor (1945), Mackenzie, Taylor and Gilbert (1948) and Windl e Taylor 

(1955), 

A fina l test which should be mentioned is the production of acid and 

gas in a cellobiose medium. In 1924 Jones drew attention to cellobiose 

as an aid in differen~iating the colif orms (Ba tty-Smith, 1942 a) . Koser 

made an extensive study of its possibl e uses in 1926 (Bat ty-Smith, 1942 a ) . 

The value of this test wa s again confirmed by Jones and Wise (1926) . In 

later years va r ious workers used this test , or a modification of it , 

Stuart, Wheeler and Griffin (1938) , Stuart , Griffin and Baker (1938), and 

Griffin and Stuart (1940) employed it successfully in extensive coliform 

s tudies . Yet Taylor (1941) , working on wa ters from lakes and streams , 

found that no addi t iona l informa tion could be obtained by this tes t . 

With this anoma l y in mind Ba tty- Smith (1942 a ) studied the use of cellobiose 

and found that it wa s inferior to the citrate utilisation test as a result 

of which it was abandonedo 

The ecology of the coliforms 

The young and dynamic science, known a s ecology , initiated as 

"scientific natura l history" (Kendeigh , 1961; Macfadyen , 1963) . In the 

early 1920 1s it implied the r ecording of the occurrence or distribution 

of organisms , and soCTetimes it was attempted to link these observations 

to environment a l f actors (Macfadyen , 1963) 

Today thi s s cience overlaps with many other sciences or branches 

thereof (Odum, 1959; Kendeigh, 1961; Reid, 1961; Macfadyen , 1963) . ·It 

is usua lly defined a s "the study of the rela tion of organisms or groups 

of organisms to their environment, or the s cience of the interrelations 

between living organisms and their environment " (Odum, 1959) . Odum 

(1959) pointed out tha t the following definiti ons wi ll also be acceptable 

"the study of structure and function of nature ", "the science of the 

l ivi ng environment " or "environmenta l biology" . To this Kendeigh (1961) 

added "the study of biotic communities" and "the science of community 

popul ations". 

When/ •• c 
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When dealing with the higher organisms only, Kendeigh (1961) 

defined ecology as 11 a study of animals and plants in their relation to 

each other and to their environment". From this it follows tha t there are 

bioecology, i.e. ecology of all organisms, animal ecology, and plant 

ecology (Kendeigh, 1961). To this can then be added microbial ecology, 

i.e. the ecology of micro-organisms, or, specifically, bacterial ecology . 

Ecology is commonly divided into 11 autecology" ,. i.e. the study of 

individual organisms or an individual species, and "synecology",. i.e. 

the study of groups of organisms which are associated together as a unit 

(Odum, 1959; Kendeigh, 1961; Reid, 1961) . In synecology the populations, 

communities (or associations), ecosystems , etc . are studied (Odum, 1959; 

Reid, 1961; Macfadyen, 1963) . 

According to the environment, ecology is often subdivided into marine 

(i.e. oceanography), fresh-water (i.e. limnology) and terrestrial (Odum, 

1959; Kendeigh, 1961) . 

From these few cursory remarks, it is obvious that ecology covers a 

wide scope . Unfortunately microbial ecology, and here especially 

bacterial ecology, is still in its infant stage, i . e . where animal and 
I 

plant ecology were in the early 1920 1s (vide SUT)ra). Consequently in 

a bacteriological sense, ecology still implies the recording of the 

occurrence or distribution of organisms, and sometimes attempts are made to 

link these observations to environmental factors . This will be obvious when 

the ecology of the coliforms is discussed (vide infra) . 

It is, however, clear why bacterial ecology is still in the initial 

stages, fil• the problem of working with minute organisms makes ecology 

a formidable task . For this reason the present study was more concerned 

with habitat and the distribution of coliforms, than with "the inter

relations between" bacteria "and their environment" (a lso vide Griffin & 

Stuart, 1940; Gray , 1951). 
Because of their isolation from faeces (~ 1. 1), Escherich thought 

that both his classical coliform bacilli were typical faecal organisms 

(Prescott et al . 1946; Windle Taylor, 1949, 1958; Breed et al . 1957; 

Burrows, 1959) . His work cnn be regarded as one of the first attempts 

at the ecology of the coliforms .• 

In 1899 Russell and Bassett (Windle Teyler, 1949, 1958; Wilson and 

Miles, 1955 , 1964) confirmed Kruse's observation of 1894 ·~hat Klebsiella 

aerogenes i.e. Bact, aerogenos , was not exclusively found in faeces but 

also in water am.soil, while in 1907 Winslow and Walker concluded that 

Escherichia coli , / ••• 
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Escherichia coli, i . e . Bact. coli was essentially an intestinal organism 

and that K. aerogenes was more frequently found in s oil and vegeta tion 

(Windle Taylor, 1949 , 1958 ; Wilson and Miles, 1955, 1964 ) . The value 

of these observations is clear , because this l a id the basis for defining 

E. coli as an indicator organisms of faecal pollution (vide 1 . 3) . 

MacConkey (1905, 1909) , Koser (1923 , 1924, 1926 a , 1926 b) , Skinner 

and Brudnoy (1932); Burke-Gaffney (1932); Parr (1936 a, 1936 b , 1937 , 1938 ) , 

Bardsley (1926 , 1934, 1938, 1948); Malcolm (1938), Stuart, Griffin and 

Baker (1938), Griff i n and StUD.rt (1940 ) , Prescott et a l . (1946) , Windle 

Taylor (1949, 1958 ) and Wilson and Miles (1955 , 1964) established clearly 

that E. coli I (i . e. the indole positive , 44°C. positive strain of E. coli , 

vide 4 . 2) is the predominant coliform i n faeces , sewage , polluted soils , 

etc . 

It was further indicated by Skinner and Bnldnoy (1932) , Burke

Gaffney (1932) , Bardsl ey (1934, 1938 , 1948), Parr (1938 ) , Malcolm (1938 ), 

Windle Taylor (1958) o.nd Wilson and Miles (1964 ) that Citrobacter freundi i 

(i . e . Bacterium freundii or Koser ' s Intermediates ) occurs in faeces, but 

in small numbers; while Koser (1924,1926 a , 1926 b), Bardsley (1934) and 

Randall (1956) proved that Cit . freundii was far more numerous than E. coli I 

in unpolluted soils and waters . 

These findings led to the assumption that soils are the natural 

habitat of Cit.freundii (Great Britain Ministry of Health , Ministry of 

Housing and Local Government Reports on Public Health and Medical Subjects 

No 71, 1956; Windle Taylor , 1958) . Taylor (1942) , Bardsley (1948) and 

Taylor (1951), however, found that Cit . freundii could not live in soils 

and ultimately died off . Taylor (1951) even found E. coli I to preponderate 

over Cit . freundii in a ll kinds of soil . Consequently he could not support 

the earlier views tha t Cit ~freundii has the soil as a primary habita t . 

He thus suspected tha t these bacteria, when found i n soil , were also derived 

from faeces . Randall (1956), however, proved that Cit . freundi i prepon-

derates over E. coli I i n unpolluted soils . He also found that soil 

cannot support the growth of Cit . freundii , but that its primary habitat 

could not be f aeces. In the U. S.A. Cit . freundii was found to be typica l of 
unpolluted soils (Geldrei ch, Huff , Bordner , Kabler & Clark, 1962) . 

According to MacConkey (1905 , 1909) , Koser (1924 , 1926 a..,1926 b), 

Burke- Gaffney (1932), Gray (1932 ) ,Ski nner & Brudnoy (1932), Bardsley 

(1934, 1938) , Malcolm (1938), Stuart, Griffin et al . (1938) , Griffin 

and Stuart (1940) , Windle Taylor (1958) and Wilson and Miles (1964) 

small numbers of Kn aerogenes and Klebsiell a cloacae, i . e . Bacterium cloacae , 

may occur/ ••• 
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may occur infrequently in faeces . On the other hand Koser (1926 b), 

Skinner and Brudnoy (1932), Burke- Gaffney (1932), Gray (1932), Windle 

Taylor (1958), Burrows (1959), and Wilson and Miles (1964) decided 

that K. aerogenes nnd K.cloacae outnumbered E.coli I in unpolluted soils , 

waters , grasses, grcins and cereals . In the tropics Bur~e-Gaffney (1932) 

concluded that these organisms in soil and water are derived from sources 

other than recent faeca l pollution. Malcolm (1938), however, regarded the 

occurrence of K. aerogenes and K.cloacae in soil , wuter, fodder , grain, etc., 

in absence of recent faeca l pollution as indica tive of remote faecal 

pollution. 

Hindle Taylor (1958 ) concluded tha t the coliforms present in faeces 

can be distributed to the soil , air, water, vegetation , etc ., but tha t 

not all these coliforms were able to adapt themselves to their new environ-

ment . He alleged tha t E. coli I could survive in its new habitat for a 

considerable time , but becnuse of its inability to multiply under such 

conditions, it ultimately died off . This was illustrated by the work of 

Gray (1932) who found that "in -water contaminated with faeces , the 

proportion of Bact. acrogenes to E.coli is relatively low but is rapidly 

reversed on storage" . Bards ley (1934) also stated tha t in "very heavily 

polluted waters the ratio", i . e . E. coli I to Intermediate- aerogenes- cloacae 

(I.A,C.) group, "appears to diminish agai n - presumably owing to actual 

growth of organisms of the I .A. C. group in the water". According to 

Windle Taylor's citations certain coliforms, such as K.aerogenes and 

K.cloncae,could adapt themselves to their new environment . 

Irregular VI, a variant of K. aerogenes (differing from K. aerogenes 

only in being 44°c . positive (vide 4 . 2)l fo und on jute , jute packing, 

jute yam, hemp , sacking , string, leather washers , etc., is able to 

pollute water in water- mains , reservoirs , wells and boreholes (Windle 

Taylor, 1958) . .. s soon as these fibres come in contact with water , 

enough nutrient is available for this organisms to multiply enormously 

(Windle Taylor, 1958) . Mackenzie, Taylor and Gilbert (1948) determined 

tha t dec&ying wood in wells could also provide the necessa ry nutrients for 

the ample proliferation of Irr~gular VI . This orgenism, in symbiosis 

with the cellulose-utilising bacteria , is thus able to flourish on 

decomposing cellulose in water; metabolising by- products such as cello

biose (Windle Taylor, 1958) . 

In southern England it was found that K.aerogenes mult iplied in the 

filter beds of drinking- water purification works, while during a similar 

investigation it was found that algal growth (Enteromorpha intestinalis) 

favoured the/ ••• 
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favoured t he growth of K1aerogenes (Thresh and Beale, 1925; Windle 

Taylor, 1958 ) ~ 

Windle Taylor (1958) also drew attention to some evidence tha t 

various coliforms , i ncludinb E. coli I, were able to grow and multiply in 

several kinds of waters nnd under various conditions . Although he merely 

referred t o them i n a cursory manner , some of these authors have been 

consulted , namel y Bi gg~r (1937), Bi56er and Nelson (1941, 1943), and 

Nelson (1942 ), nnd their observa tions will be discussed l ater(~ ~. 8 ) . 

Eoreover, Pivnick and Fabian (1954) i sol a ted citrc.te-utilising 

coliforms , i . e . Klebs iellu and Citrobncter spp~, from industrial soluble

oil emul s ions , althoui;;h E. coli was not among these . 

Some investi gator s concentra ted on the i solation of various types of 

coliforms other than E. coli from faeces, so as to prove that all coliforms 

are t ypica l faecal types . Gray (193 2) f ound K. aerogenes to be present -

in 92 . 5% of the f a eca l specimens which he examined aft er enrichment in 

citrate . I n human faeces 61% conta ined the I .A. C. group, us isola ted 

by Bardsley (1938 ) , One of the interesting cases i s that of Malcolm 

(1938) , who , while working with the faeces of cattle, selectivaly inhibited 

the growth of E. coli I by employing o raedium which conta ined brilliant 

green in order to promote the growth of a grea ter variety of other coliforms . 

Consequently he recovered many strains of C.freundii , K. oerogenes and 

IC . cloacae . K. aerogenes and K.cloacae wer e especially abundc.nt . (Unfortu-

na tely a description of t hi s selective i nhibitory medium was not given in 

this article . Malcolm referred to it as being described i n one of his 

earlier publicat ions , but this could not be obtained) . Parr (1938) stressed 

the i mportance of his own findings and those of Carpenter and Fulton in 

1937. In both t hese studies a cons iderable number of human faecal samples 

was found to contain Interoediates , viz . 21 . 6% and 13 . 3% respectively. 

At the same time Purr stressed the occurrence of K,aerogenes in human faeces. 

Prescott e t a l . (1946 ) found that C. freundii and IC 1aerogenes constituted 

"a anall but rather persistent proportion of the coliforms in human and 

animal faeces ••• • " 

It could, t herefore , be concluded tha t occasionally some faecal 

specimens may contain other coliforms i n addition to E.coli I . When 

E. coli I , however , suffers a numerical reduction or i s totally absent 

from its natural habitat~ i . e . the human or anima l intestine, it is usu

a lly due to a certain amount of seasonal flux, species variation, disease , 

drugs, antibiotics, etc . (Windle Taylor, 1958 ; Burrows , 1959) . The 

exact habitat/ •• • 
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exact habitat of the other coliforms (e . g • . Kl ebsiella spp ., Citrobacter spp . 

and Irregulars) is still doubtful at the moment . It appears as if the 

intestine is not their primary habitat . From the literuture survey, 

however , it is apparent that they outnumber E.coli in unpolluted soils , 

water, plants, cerea ls, etc • . It has been clearly established that 

Irregular VI has fibres , especially that of jute and hemp, as its natural 

habitat . Becausb of this it is often referred· to as the "yo.rn organism" 

(Windle Taylor, 1958) . Coliforms { other than E. coli I, are regarded as "organ
isms of passage" (Bardsley, 1948) and as "adventitious" (Griffin & Stuart , 
1940) when present in f aeces . 

Bacteriological evidence of water pollution 

As water is liable to be polluted by pathogenic micro- organisms , 

it is necessary to have reliable means of t est ing the bacteriological 

quality of water intended for human consumpt ion or for other domestic 

purposes , as well as for swimning. 

• Bacterin presenting the greatest danger to public health are almost 

invari ably of hUiaan origin , especially those from human excreta. Unfortu

nately , direct testing for the presence of pathogenic intestinal organisms 

in wa t er is i mpeded by various factors such as : the fac t thc t there is no 

genera lly accepted quantitative method of determination available; tha t 

the pathogens are greatly outnumbered by the saprophytic "water bacteria" and 

the intestina l commensals; that the time- lag before t he onset of intestinal 

diseases after the consun:ption of polluted water can be considerable; etc . 

(Gnllow.: y and Burgess , 1950; Windle Taylor, 1949, 1958; American Public 

Heo.ltb Association , J.raericc.n VT.:: ter \forks Associa tion, Federation of Sewage 

nnd Industrial Wastes ii.ssocia tions, 1955; Guiney and Lord, 1956 ; Greo.t 

Britain Ministry of Health , Ninistry of Housing and Local Government 

Reports on Public Health and Medi cal Subjects No . 71, 1956; Burrows, 1959; 

World Health Orgnnizo.t ion, 1958, 1961, 1963 ; Cruickshank, 1960) . l d

mittedly good progress h s been made with selective and enrichment media 

for the isola tion of intestinal pathogens, e . g. Salmonellae and Shigellae 

(Great Brito.in Ministry of Health et a l , 1956; Windle Taylor, 1958; 

Wilson o.nd :Miles , 1964) . Recently methods have been improved for the 

isolation of these intestina l pathogens fro::1 water and polluted waters , 

viz . Moore swab (Moore, Perry and Chard , 1952 ), cotton wool filtra tion 

method (McCoy, 1962), and an ioproved me thod for isolating Salmonellae 

from water (Livingstone , 1965) , employing the Selenite brilliant green 

rredium of Stokes and Osborne (1955) . These methods are, however, only 

qualitative, and they have so far not yet been fully evaluated for use as 

parameters of pollution. 

The acknowledged alternative for avoiding this problem is to select 

an organism which is normally a common intestinal commensa l in man and 

animals/ ••• 



animals . The presence of such an organism is assUIJed to serve as an 

indicator of f aecal pollution of huraan or onimal origin. In such an 

instance the water is regarded as suspect , the assumption being that if 

faecal conmensnls are present,pathogens and their inherent threat to publj c 

health could also be present, Moreover, their presence indicates faecal 

pollution, whether pathogens are present or not . L In referring to bacteria 

as intestinal commensals it does not imply thnt they are always harmless . 

Sometimes they are pathogenic to man and animals (Lovell·, 1937; Charter 

and Taylor, 1952; Gillespie, 1952; Taylor and Charter, 1952; Kauffmann, 

1954; Breed et a l . 1957; Windle Taylor, 1958 ; Edwards and Ewing, 1962; 

Burrows, 1963; Wilson and Niles , 1964) .. J 

Indica tor orgunisms for this purpose are E. coli, Streptococwus f aecnlis, 

Clostridium perfringens (welchii) and the coliform group of which the former 

i.... by far the most universally accepted (Windle Taylor , 1949 , 1958; 

McEwen, 1949; Prescott et nl.1946 ; Galloway and Burgess, 1950; American 

Public Health Associa tion et al . 1955 , 1960; Strell, 1955; Gainey and 

Lord, 1956; Great Brito.in Ministry of Hea lth et nl . 1956; Coetzee, 1962 b , 

and Cruickshank , 1960). In addition Pseudomonas aeruginosn has a l s o been 

suggested as an indicator organism of faeca l pollution (Reitler and Selegmann 

1957; Windle Taylor, 1958; Coetzee , 1962 b; Bonde , 1963) . Recently the 

bacteriophuges of certain specific intestinal pathogens and E. coli were 

also suggested to be used as indicator organisms (Dienert, 1947; Cocioba, 

1948; Guelin, 1948 , 1954; Hruby,, 1954; Coetzee, 1962 a ; Carstens, 

1963) . 

The pathogens are greatly outnumbered by normal intestinal flora such 

as E.coli . Noreover these commensals usually outlive the majority of the 

pa thogens, so that water which is free from E.coli is normally assumed to be 

free from pathogens (Windle Taylor , 1949 , 1958; Prescott et al . 1946; 

Gainey and Lord, 1956; Great Brito.in Ministry of Health ct al; 1956) . In 

addition , due to the fact tha t E. coli tends to die when removed from its 

natural habitat, its pres ence is thus regarded as an indica tion of recent 

faeca l pollution. In view of this , bacteriologists to date have tended 

to be more concerned about whether pathogens could be present (indicated 

by the presence of E. coli), than whether they are actually present 

(Great Britain Ministry of Health et al . 1956; Windle Taylor, 1958; 

Coetzee, 1962 b) . 

Hotwithstanding the considerable amount of research which has been done 

on the ecology of the coliforos resulting in the acceptance of E. coli I 

as the prime indicator organism (vide 1 . 2), much attention is still being 

devoted to the role of t he coliform group as a whole in the faeca l pollution 

of water. In many of the specifications for the stundnrds of dripking-wnter 

the/ •• ~ -
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t he coliform group is considered to be i mportant (Windle Taylor, 1949 , 1958; 

Prescott et a l . 1946; S011th Afric ::m Bureau of Standards, 1951; American 

Public Health Associa tion et a l . 1955; Great Britain Ministry of Health 

et al. 1956; World Health Organization, 1958, 1961, 1963) . The American 

Public Health Association et al . 1955, for example, presenting the 

Ameri can Stnndnrds for d.rinking- wn t er, assumed tho. t " ... . . all types of 

colif orm organi sms may occur i n feces •••• " and" •••• there i s little 

or no evidence tha t coliform bacteria. mult iply on fresh gr asses or gr a ins; 

nor i s t here evidence t ha t they multiply in soil" . Wi ndl e Taylor (1949 , 

1958) and the Great Brita i n Mi nistry of Health et a l . (1956), however , 

a re more cautious about the coliforms , Although notice is to.ken of the 

i mportance of the colifo rms c s a group , the superiority of E. coli I as an 

indica tor organisn i s stressed . Other opinions on t hi s subject a.re t hose 

of Gray (1932 ) and Knckenzie and Hilton-Sergeant in 1938 (cited by Windle 

Taylor, 1958), t hat t he presence of the coliforms other than E. coli , is 

an i ndic2tion of such remote pollution tha t it is epidemiologica lly i ns i g

nificant . 

But t he question nc.tura l l y arises whether tho recovery cf coliforms 

f rom water , invariably i ndic.::i tes fo.e ca l pollution . If, by o.n ecologica l 

study , the presence of coliforB bacteria in the faeces of humans and a nimals 

i s proved to be of such frequenc y , t hen the American view should be accepted 

without reserve . However , should t he coliforms prove not to be abundant, 

as opposed to E. coli, then the general pr actice of accepting the coliform 

group as an indicator of f aeca l pol1ution may be shown to be insufficient . 

The present inves tigc tion was undertaken with the view to obta i n more 

infor mation about the eco l ogiccl distribution of the coliform bacteria and 

to est~blish whether these organi sms , and especially E. coli I, can un

questionally be regarded o.s indica tors of f aecal pollution of wa ter . To 

t his end various s ources , such as f aeces of fowls, sheep, ca ttle and man , 

which coul d contribute to bacterial pollution of water , were examined for 

the presence of such organi sms . I n addi tion a river was also sampled in 

the same a rea where most of the faeca l specimens were obtained, in order to 

determine how t he water was affected by faecal pollution and by the in

cidence of coliform bacteria . 
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2 . Y!ATERL'l.LS AND 11ETHODS 

Planning of the experimental work 

This investigation , which was carried out in end around Potchefstroom, 

was confined to the faeces of man and animals . Representative groups of 

each, especially those which were most likely to contribute to the pollution 

of water, were selected . Each group was subdivided on the basis of the 

type of diet, viz . unbalanced or balanced . The terms balanced and un

balanced diets need closer description . In connection with man i t is 

genera l knowledge that a diet should consist of a balanced ratio of protein, 

carbohydra te , f at , vitamin and certain mineral salts in order to combat 
/ 

malnutrition and deficiency diseases . In the same way animals need a 

balanced diet (vide infra for description of unbalanced and balanced diets 

in connection with fowls , sheep , cattle and man) . , f. striking difference wc1s 7 

however, not expected between the subgroups of each main group as the f 2ecal 

specimens could not at the time be studied by quantitative methods (vide 

infra) . 

Sampling and examination of faecal specimens commenced i n 1962 . At 

the time it was i mpossible to get the survey stQtistically planned so as 

to assess the number of samples required for each subgroup in order to 

obtain reliable and representative results . Unfortunately most statistical 

handbooks refer to the number of s~mples to be tnken in a cursory manner, 

without giving a real solution nnd in any case no standard work consulted 

has dealt with the stntistics of the type of experiment utilised in the 

present study. For these reasons it was decided to collect whenever 

possible a t leQst 20 samples for each subgroup - usually 25 samples were 
collected . 

The following ani ma l groups were selected and divided into subgroups 

A Fowls with an unbalanced diet, viz . ma i nly dependent on the 

dry veld, with an occasioncl r at ion of mealies and human 

waste food and infrequent access to water . 

A1 Fowls with a bale.need diet, viz . rations consisting of a 

f i xed r a tio of yellow mealie oeal , lucerne meal , bran , 

polla rd, fish meal, peanut meal, bone meal, oyster shell 

powder, fine sodium chloride, brewer's yeast , manganous 

sulphate and/or magnesium sulphate and a vitamin mixture 

with free access to water . (Consequently vita l sub

stances such as protein , calcium, phosphorous, fibre , 

fat/ ••• 
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fat, carbohydrates, und vitamin are supplied). 

(Potchefstroom Experimental Far m Poultry Section, 1963) . 

B Sheep with an unbalnnced diet, vizo mainly dependent on 

the dry veld, with infrequent a ccess to a mixture of sodium 

chloride? bone meal and flowers of sulphur o.nd :co water . 

B
1 

Sheep with D. balanced diet , vizo r at ions consisting of o. 

fixed ratio of lucerne hay , Er n~rosti s curvuln hay and 

yellow menlie meal, with f r ee access to a mi xture of 

sodium chloride, bone meal and f lowers of sul phur and to 

wntero (Consequently vitul substances such cs protei n , 

cnlciun , phosphorous , f ibre and fat a re supplied) . 

(Potchefstroom Experi mental Farm Stock- breeding Section, 

l96J)o 

C Cattle with an unbal anced diet, yiz " mo. i nl y dependent on 

the dry veld , with i nfrequent access to a mixture of sodium 

chloride and bone meal and to water . 

c1 
Ca ttle with a balanced diet, viz. ad lib r o. tions cons isting 

of a fixed ratio of teff hay, lucerne meal, mealie oea l and 

oil cake , with f r ee access to a mi xture of sodi um chloride 

and bone mea l and to water. (Consequently vita l substances 

such as protein, calcium, phcsphorous, fibre and f at are 

supplied)o (Potchefstroom Experimental Faro Stock- breeding 

Section , 1963). 

~ccording to analyses done at the Potchefstroon Experi mental Farm 

s ome of their no.in fodder i ncluded i n many of the balanced diets, showed 

the following mean composition (Potchefs troom Experiment a l Farra Stock-

breeding Section , 1963) ; 

I ngredients Eragrostis Lucerne Yellow 
curvula hay hay mealies 

% Fat 2.04 2.30 4. 71 
% Nitrogenous substances L56 2.78 1.59 
% Non- nitrogenous sub- 47.71 44 . 52 81 . 54 stances 
% Fibre 35 . ½-5 28. 66 2. 00 

From/ ••• 
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From these it is obvious where the proteins , carbohydrates , fats 

and fibre (roughage) i n the balanced diets come from . 

Subgroups A and L
1 

were included, not because they were regarded 

as major contributors to water pollution, but to obtain some knowledge 

of the coliforms from birds. Wi ld birds alwuys have access to many 

water sources, but their faece s are too difficult to sample . Furthermore, 

it was borne in mind that the normal body tempera ture of birds is higher 

than that of the mammals and consequently might affect the coliform flora . 

The specimens from subgroup A were collected in the vicinity of Potchef

stroom, Western Transvaal , exclusively from fowls belonging to Bantu owners, 

as they were considered to constitute the best example of fowls receiving an 

unba l c.nced diet. These samples were furthermore to.ken during the winters 

of 1962 and 1963 since this was regarded as the season offering optimum 

conditions f avouring an unba lanced diet. 

1 The A subgroup was collected from the fowl run of the Potchefstroom 

Experimental (Agricultural) Fa rm, from those fowls which received a fully 

balanced diet only (vide supra) . 

The specimens of the subgroups Band C were sampled i n the vi cinity 

of Potchefstroom on the farms of white farmers, during the winters of 1962 
1 1 and 1963. The B and C subgroups were obtained from the pens of the 

Experimental Farm, from animals fed on a fully balanced diet (vide supra) . 

Man, considered to be of prime importance in the faecal pollution of 

water, was added to the previous groups . 

investigated: 

The following three subgroups were 

D Man with an unbalanced diet - Bantu, viz . poor in vitamin , 

protein and f a t . 

D1 Man with a bal anced diet - Whites , viz . balanced protein , 

ca rbohydra tes , etc. 

D2 man differing i n diet from D and D1 - Indians , viz . containing 

enormous quantities of spices , and often also l acking in 

some of the ma in diet ingredients . 

It was extremely difficult to obta in enough specimens from the Bantu 

and Indians , as they were suspicious and supersti tious • . For this reason 
2 fewer specimens of subgroups D and D were studied than in the ca se of 

the other subgroups . Unfortunately specimens from hospita ls coul d not 

be/ ••• 
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be included, because of the possibility of patients having been treated 

with antibiotics, sulphonamides , etc. 

Each faecal specimen was excmined for the presence of the various 

bacteria constituting the coliform group. For the following reasons 

this was done by qualitative rather than quo.ntito.tive methods 

(1) Several authors (e.g. Prescott et al . 1946; Windle Taylor , 

1949, 1958; Wi lson and Miles, 1955, 1964) quoted the numbers 

of coliforms occurring in 1 gram of fo.eces , without mentioning 

the methods employed. 

(2) It wns felt tha t the methods then ava ilable, viz. the pour

plate (MacConkey and Eosin methylene blue agar ) and the 

modified Most Probable Number technique, were far too in

accura te and intricate to manipulate and employ successfully , 

especia lly for compara tive purposos o 

It wns therefore considered more importo.nt to undertake a qualita tive 

survey o.nd attempt to obtain the greatest variety of coliforms possible 

rather than to attempt unsatisfactory quantitative work . 

In the final stages of the investigation two f neca l specimens were , 

however, exo.mined by quo.ntitntive methods using o. modification of the 

memhro.ne filtra tion technique, described by Kjellander (1960) (vide 2. 6) . 

Samples from the J'llooi River , Potchefstroom, were included because 

of the variety of coliforms which might be encountered in this ho.bi tat •. 

There were many sources from which the coliform bacteria could reach 

the water. The Mooi River (vide map ) originates south west of Randfontein, 

and nearly 45 miles north of Potchefstroom. It flows mo.inly through 

agricultura l o.reas. The mo.in crops planted o.re maize , kaffir- corn and 

ground-nuts, while t he live- stock fnrming includes cattle, sheep, pigs 

o.nd poultry. On its wo.y to the Vao.1 River it is impounded twice -

firstly by the Boskop Den, approximately 9 miles north of Potchefstroom, 

nnd secondly by the Potchefstroom Do.m, on the northern outskirts of the 

town. Limpound.nent, i oe. dnmming or stora ge , usunlly reduces the 

numbers/ ••• 
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numbers of E.coli (Prescott et a l. 1946; Taylor, 1958 ; Wi lson and 

Miles, 1964). J From here it winds through the town and the 

passing the s ewage works froffi which it receives the maturation 

It continues through intensive ly irrigated plots and joins the 

(approximately 15 miles south of Potchefstroom) . 

old location, 

pond effluent . 

Vaal River 

Sampl es wer e t aken fro m 15 sampling points (vide map) , viz. No 1 the Mooi 

River immedi ately above confluence with the Vaal River; Nos 2 and 3 between 

1 and sewage works ; No 4 aft er entry of maturation pond effluent; Nos 

5, 7 and 8 in Potchefs troom below the Potchefstroom Dam; No 6 on the 

Loopspruit tributary; No 9 below Boskop Dam; No 10 above Boskop Dam; 

No 11 Gerhardminnebron (spring); Nos 12, 13 and 14 above 11, . and 

No 15 Bovenste Oog (spring). 

The river wa ter was ana lysed thrice : 

E Water from the Mooi River, collected during riay , .1963~ 

E
1 

Wa t er from the Mooi River, collected during July, 19631 

E
2 

Water from the Mooi River, collected during October, 1963 • . 

In the first two series (E and E1) specia l attention was devoted to 

the pr esence of E.coli I, while in t he third series (E2
) the pl ates were 

inspected more curefully for other members of the coliform group, so as 

to ascertain whether the medi a , usually employed, f avoured the recovery 

of a ll the coliform bacteria or of E.coli I only. 

Collection of f aeca l specimens 

Fresh human faeces wer e collected and transferred into sterile wide 

mouth s crew-capped 2 oz. bottles (commonly known ·ss "stool jars" or 

"pomade pots", Cruickshank ,1960) by means of wooden spatulas (tongue 

depressors) suprlied wrapped and sterilised by t he manufacturer (Winthrop) . 

Fresh ani ma l f aece s were s i milarly sampled into either 2 oz. bottles 

or sterile 1 oz. McCartney (Universa l) bottles . The specimen bott l es , 

wrapped in cotton wool to protect them against temperature loss and 

breakage ,. were transported to the laboratory within one hour of collection , 

and the material was immedia t ely pl a ted. Preserving (Kolmer, Spaulding and 

Robinson, 1951; Silverton and Anderson 1961), e rtificia l means of 

t emperature control or cooling of the specimens were thus not employed. 

2.3/ ••• 
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2. 3 Scheme for the isolation and differentiation of coliforms present in faeces 

.J,. 
MncConkey 

broth 
(37°c., 
24-48 hours) 

J, 
MacConkey 

broth -~ (44 ~ 5 C., 
24- 48 hours ) 

I 
Try12tone , 

water 
(37°c., 
24 hours ) 

Faeces 

1 Direct plating 
onto: 

MacConkey agar 
and/or 

Eosin methylene blue agar 
(37°c . , 24 hours) 

1 Typica l und a typica l lactose 
fermenting colonies subcultured 
into: 

Lactose broth 
(37°c., 24-48 hours) 

1 Positive cultures subcultured 
into: 

J,, I l 1 I 
Me t hyl-Red- Methyl-Red- Koser 's Nutrient Loo.d 
Voges- Pros- Voges-Pros- citra t e ge l a tin a cetate 
kauer med- kauer med- medium (30°c., agar:, 
ium (30°c. ium (306c . , (37°c., 7 days) slants 
5dnys ) 48 hours) 4 days) (31°c., 

or 

48 hours ) 

J, 
Tri12le 
suga r 
iron 
Q.g£E_ 
s lants 
(37°c., 
24 hours ) 

,. 
-!, 

Nutrient 
agar 
slants 

(37°c . , 
24 hours) 
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Techniques employed i n isolat ing and differentiating the colif oros present 
in faeces. 

Each faecal specimen was plated out directly on...;to 3 t o 5 MacConkey 

agar plates (Bardsley , 1926, 1934, 1938, 1948 ; Windle Taylor, 1958; 

Wilson and Miles , 1955 , 1964 ; The 0xoid Division of 0xo Limited , 1961) 

and/or Eosin methyl ene blue (E .M. B. ) agar plates (Stuart , 1fneeler and 

Griffin, 1938; Stuart , Griff i n and Baker , 1938; Griffin and Stuart , 

1940 ; Prescott et al . 1946 ; Difeo Laboratories Incorporated , 1948, 

1953 ; American Public Health Assoc i at ion et al . 1955; Wilson nnd 

Miles, 1955 , 1964; Salle , 1961) . The plates were i ncuba ted at 37°c . 

for 24 hours (Prescott et al . 1946; Windle Taylor, 1949, 1958; American 

Public Health Association et al . 1955; Wilson and Miles , 1955 , 1964; 

Great Bri tai n :Ministry of Health et al. 1956; Salle , 1961) . The 

follot·1ing day all the plates were examined and well-isolated typical 

und atypical l actose fermenting colonies (vide 3~4) were picked off with 

a straight wire nnd transferred to Lactose broth tubes supplied with 

Durham fermentation tubes (Stuart , Wheeler et al. 1938; Stunrt, Griffin 

et a l . 1938; Griffin et al. 1940; Prescott et al. 1946; Difeo Labora

tories Incorporated , 1949, 1953; American Public Health ,ssociation et al~ 

1955; Wilson and Miles, 1955, 1964; Windle Taylor , 1958 ; Salle , 1961). 
Where the growth was too luxuriant subcultures were first made onto 

HacConkey agar or E.M. Bo agar . From here separate colonies were sub

cultured into Lactose broth . The latter were incubated a t 37°c . for 

24- 48 hours (Prescott et al . 1946 ; American Public Health Association 

et al . 1955; Wilson and Niles , 1955 , 1964 ; Great Brita i n Mi ~i stry of 

Health et al . 1956 ; Society of American Bacteriologists , 1957 ; Wi ndle 

Taylor , 1958; Sall e , 1961; The 0xoid Division of 0xo Limi ted , 1961 ). 

Depending on the morphological appearance of the l actose fermenting 

colonies (vide 3.4), 5 to 10 subcultures were mnde i nto Lactose broth, 

in order to obtain the widest possibl e variety of l a ctose fermenting 

strains . In practice this meant tha t every morphologically different 

lactose fermenting colony was picked off . All the pl ates (vide supra) 

were retained at room teoperature for a few days fo r l ater reference, 

if necessary . Because of the inhibitory action of gall and dyes on s ome 

of these organisms (Prescott et al . 1946 ; All en , Pasley and Pierce, 

1952 a ~ Windle Taylor, 1958) , Lac tose broth was initia lly 

preferred to MacConkey broth or Brilliant green l actose 2% bile broth 

as primary fermentation oedium to obta in maximum recovery of colifo r ms . 

Later this practice was discontinued and MacConkey broth was used since 

(1) all/ •• • 
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(1) all the cultures tha t were positive in Lactose broth were 

i nvari ably positive in MacConkey broth(~ 3.5); 

(2) the primary plating media (vide supra) contained these 

inhibitory substances; 

(3) in Lactose broth only gas production could be observed; 

(4) it was indicated tha t Klebsiella spp . and Citrobacter spp . 

tend to overgrow E. coli in Lactose broth (Levine, Tanimoto, 

Minette , Ar akaki and Fernandes, 1955) while it is an inferior 

medium for the maximum recovery of coliforms when compared with 

other media (Mccrady , 1937; Hajna and Perry, 1943; Perry and 

Hajna, 1944 ), and 

(5) this procedure accorded better with the definition that was 

accepted and formulated for the present study (vide infra , 4 . 1) . 

As soon as gas production wns observed, subcultures were made from 

every positive Lactose broth culture. Those cultures that evidenced no 

gas after 48 hours, were discarded (Prescott ~t al . 1946; American 

Public Health Association et a l. 1955). The following media were em

ployed for subculturing all positive Lactose cultures : 2 tubes of MacConkey 

broth, 1 tube of Tryptone water , 2 tubes of Methyl-Red - Voges-Proskauer 

(M .R.-V.P. ) medium, 1 tube ofKoeerecitrate medi um , 1 tube of Nutrient 

gela tin , and 1 tube of Lead acetate agar er Triple sugar iron agar slants 

(with butts) and 1 Nutrient agar s lope. 

0 One tube with MacConkey broth was incubated c. t 37 C. for 48 hours 

and t he other in a constant temperature waterbath at 44 . 5°C . for 48 hours , 

in each case to determine whether acid and gas were produced (Wilson and 

Miles, 1955, 1964; Great Britain Ministry of Health et al . 1956; 

Windle Taylor , 1958; Keller, 1959, 1960; Harrison, Keller , Dimovic and 

Cholnoky , 1960; The Oxoid Division of Oxo Limited , 1961; Cruickshank , 

1960). The incubation temperature of 44 . 5°c . (Keller, 1959, 1960) was 

the only digression frora 

which operates nt 44 °c . 

Mi nistry of Health et al . 

the o~dinary standard incubation procedure , 

{Wilson and Miles, 1955, 1964; Grea t Britain 

1956; Windle Taylor , 1958; Cruickshank, 1960) . 

In the present study the tempera ture was carefully regulPt~d between 
0 0 44 C. and 44 o5 C. The use of Brilliant green lactose 2;:, bile broth 

(Difeo Labo~atories Incorporated, 1948, 1953; American Public Health 

Association et nl, 1955; Wilson and Miles, 1955, 1964 ; Windle Taylor , 1958) 

in the/ ••• 
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in the earlier stages wa s later discontinued because of its lack of an 

acid indicator . 

Following incubation a t 37°c . for 24 hours the Tryptone water cultures 

were t ested for t he presence of indole by adding 0. 2 - 0.3 ml . •of Kovacs's 

r eagent (Difeo Laboratories Incorporated, 1948, 1953; American Public 

Health Association et al . 1955). The tubes were shaken and , if not 

showing a positive reaction immediately, left to stand for a few minutes 

and examined again . A dark red ring a t the surface of the culture was 

regarded as a positive r eaction , while the original colour of the re-

agent was taken a s indole negative (Prescott et al . 1946; Difeo Labora

tories Incorporated , 1948, 1953; American Public Hea lth Association et a l. 

1955; Grea t Britain Ministry of Hea lth et al ~ 1956; Society of American 

Bacteriologists, 1957 ; The Oxoid Division of Oxo Limited , 1961). Tryptone 

was preferred in this medium instead of peptone , a s the f ormer was proved 

to have a higher quality tryptophan than the latter (Difeo Laboratories 

I~corpora t ed , 1948, 1953; American Public Health As soci a tion et al. 1955, 

1960; Society of American Bacteriologi sts , 1957; The Oxoid Division of 

Oxo Limited, 1961). The reagent of choice was that of Kovacs , because 

it wa s proved superior to others (American Public Health Association 

et a l . 1955, 1960; Society of American Bacteriologists , 1957), like tha t 

of Gnezda , Gore , Ehrlich (Koser and Galt, 1926) , Behme (Wilson and Mi les, 

1964) , Sa lkowski and Ehrlich-Behme (Levine , 1954). 

The cultures in the M.R.-V. P. medium were incubated at 30°C. 

(Prescott et a l. 1946; Difeo Labora tories Incorpor ated , 1948, 1953 ; 

American Publi c Health Association et a l. 1955; Great Britain Ministry 

of Health et al . 1956; Society of Ameri can Bacteriologists, 1957; Salle , 

1961; The Oxoid Division of Oxo Limited , 1961; Wilson and Miles , 1964) . 

After 48 hour s one of the cultures was tested f or the Voges- Proskauer 

(V . P.) r eaction by the sensitive Barritt test , i . e . the addition of 0. 6 ml . 

of 5% d , - naphthol and o .• 2 ml. of a 40% KOH solution to 1 ml . of the 

culture (Barritt, 1936) . A crimson ruby colour forming within 4 hours 

(usually within 30 minutes) was regarded a s a positive V. P. result, while 

no colour change within 4 hours was considered a s negative (American 

Public Hea lth Associa tion et a l . 1955, 1960) . Afte r 5 days (120 hours) 

incubation the Methyl-red (M. R. ) test was performed on the r emaining 

culture by adding 5 dro ps of a o.0125r; Methyl-red solution to 5 ml, of , 

the culture (Prescott et al . 1946; Difeo Laboratories Incorporated , 

1948, 1953; American Public Hea lth Associa tion et al , 1955; Grea t 

Britain Minist~y of Health et {l,1.. 1956; Windle Taylor , 1958; Salle , 

1961 ; The Oxoid Division of Oxo Limited, 1961; Wilson and Mi l es , 1964). 

A distinct/ ••• 
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A distinct red colour was taken as positive , and yellow as negative. 

On inoculating the tube containing Koser 's citrate medium, care was 

taken to transfer the smallest possible inoculum to minimize the possibi lity 

of a false interpretation (Prescott et al . 1946; Difeo Laboratories 

Incorporated , 1948, 1953 ; American Public Health Association et al. 

1955; Great Britain Ministry of Health et al. 1956; Society of American 

Bacteriologists , 1957; Windle Taylor , 1958; Salle , 1961; The Oxoid 

Division of Oxo Limited, 1961 ; Wilson and Miles, 1964). This difficulty 

was l a ter overcome by incorporating 0.016% brom-thymol blue indicator in 

the Citrate medium. By means of this a colour change from green to blue

green or blue could be noted when growth occurred (Batty- Smith , 1942 b; 

Prescott et al . 1946; The Oxoid Division of Oxo Limited, 1961) • . All 

inoculations were still performed by means of a str aight wire, as it was 

found that minute quantities of organic material could lead to the growt h 

of E.coli (Allen, Pasley and Pierce, .1952 b) . Metal test tube caps were 

used on the Citrate tubes instead of cotton wool plugs, in order to avoid 

the introduction of extraneous carbon into the medium and thus resulting 

in the growth of E.coli (Silverton and Anderson , 1961). The tube was 

incubated at 37°c . for 4 days (96 hours) after which it was examined for 

any evidence of growth (Prescott et al . 1946; American Public Health 

Association et a l. 1955; Society of American Bacteriologists , 1957). 

To test for the abi lity to liquefy gelatin the tube of Nutrient gelatin 

was inocul ated by the stab technique and incubated at 30°c , (Prescott 

et al . 1946; Difeo Laboratories Incor porated , 1948, 1953; . Society of 

American Bacteriologists, 1957; Windle Taylor, 1958; The Oxoid Division of 

Oxo Limited , 1961) • . After 7 days the tube was placed in ice- water or in 

the refrigera tor to test for liquefaction, This normally manifest,s itself 

as a loss of the gelatin ' s faculty to solidify at low temperatures 

(Prescott et al. 1946 ; Society of American Bacteriologists, 1957; The 

Oxoid Division of Oxo Limited, 1961) . 

Hydrogen sulphide (H2S) production was tested for on Lead acetate 

agar (Difeo) . The butt of the agar was stab-inoculated while the slant 

was streaked and the tube was incubated at 37°c . for 48 hours , (Difeo 

Laboratories Incorporated , 1948, 1953) , A blackening or a definite brown 

colour was taken as an indication of H2S ~reduction. Triple sugar iron 

(TSI) agar (Baltimore Bacteriological Laboratories) was later employed. 

It was inoculated as for the Lead acetate agar and incubated at 37°c. for 

24 hours . · A black colour indicated hydrogen sulphide production . 

After/ ••• 
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After inoculation the Nutrient agar slant was incubated at 37°c. for 

24 hours (Prescott et al . 1946; Difeo Laboratories Incorporated, 1948, 

1953; American Public Health Associ ation et al . 1955; Windle Taylor, 1958) . 

Gra~'s staining method (Jensen's Modification) was performed on a smear from 

this eulture, employing the technique described by Taylor (1949) and Gurr 

(1957). The remainder of the lutrient agar culture was kept for ref-

erence purposes . 

All cultures manifesting mixed growth were purified on NacConkey or 

E.M.B. agar. 

Methods employed for determining coliforms present in river water 

Although the Most Probable Number (MPN) technique is suitable for 

evaluating the quality of water for public health purposes (Prescott et a l o 

1946; McEwen, 1949; South African Bureau of Standards , 1951; Galloway 

and Burgess , 1950; American Public Health Association et al. 1955, 1960; 

Wilson and Miles , 1955 , 1964; Great Britain Ministry of Health . et al . 

1956; ·'-Klein , 1957; Pelczar and Reid, 1958; Public Health Laboratory 

Service, 1957; Windle Taylor, 1958; World Health Organization, 1958, 1961, 

1963; Burrows , 1959, 1963; Keller , 1959; Coetzee , 1962 b ; Cruickshank, 

1960, 1965; Department of Water Affairs, Republic of South Africa , 1962; 

McKee and Wolf, 1963; U. S. Department of Health , Education and Welfar~ , 

Public Health Service, 1962) it is ineffective for comparing the coliform 

flora of different waters because the statistical confidence limits 

fluctuate too greatly (American Public Health Association et al . 1955, 1960; 

World Health Organization, 1958, 1963 Allen , Pasley and Pierce, 1952 a ). 

Unfortunately facilities for the membrane filter technique were not 

available for the major part of the present investigation. The water 

samples were therefore of necessity examined by the MPN technique, but this 

was employed in a qualitative rather than a quantitative manner . For this 
q~t:t1cs 

purpose five 10 ml.,five 1 ml ., and five 0. 1 m¼of each sample were tested 

(Prescott et a l. 1946; McEwen , 1949; South African Bureau of Standards , 

1951; Galloway and Burgess, 1950; American Public Health Association 

et a l. 1955, 1960; Wilson and Mi l es , 1955 , 1964; Grea t Britain Ministry 

of Health et al . 1956 ; Kl ein , 1957; Pe lczar and Reid , 1958; Public 

Health Laboratory Service , 1957 ; Windle Taylor, 1958; World Health 

Organization , 1958, 1961 , 1963; Burrows, 1959 , 1963; Keller, 1959, 1960 ; 

Coetzee, 1962 b ; Cruickshank, 1960, 1965; Department of Water Affairs, 

tlepublic of South Africa , 1962; McKee and Wolf, 1963; U.S. Department 

of Health, Education and Welfare , Public Health Service, 1962). The 

last/ ••• 
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last set was made from a t enfold dilution of the sample . MacConkey b.roth 

was employed and a ll tests were carried out in duplicate. The first series 

of tubes was incubated at 37°c. for a maximum of 48 hours, to determine the 

Total coliform index and the second series was pre-incuba ted for 2 hours 

at 37°c . and then incubated a t 44 , 5°c. for a maximum of 46 hours (total 

maximum of 48 hours) to evaluate the Presumptive E.coli I index per 100 ml . 

As soon as acid and gas were formed the positive cultures from both series 

were subcultured onto MacConkey agar or E.M.B . agar(Bardsley, 1926, 1934, 1938, 

1948) and further tests were performed just as for the faecal specimens 

(vide supra , 2. 4). 

All water specimens were collected in sterile 250 ml. glass stoppered 

reagent bottles, according to the general prescribed procedures (Prescott 

et al . 1946; South African Bureau of Standards, 1951; American Public 

Health Association et al. 1955: 1960 ; Great Britain Ministry of Health 

et al . 1956; Public Health Laboratory Service, 1957; Windle Taylor, 1958; 

World Health Organization, 1958,. 1961, 1963; Cruickshank, 1960, 1965; 

Department of Water Affairs, Republic of South Africa, 1962). The samples 

were transported to the laboratory within two hours and the MPN t est wa s 

performed immediately. The results were read off from the MPN tables as 

revised by Swaroop (World Health Organization, 1958, 1963) to compute the 

Most Probable Number . 

Quantitative method for determining coliforms present in faeces 

As pointed out in 2.1 it was only towards the final stages that two 

specimens were examined quantitatively, employing a modification of the 

method used by Kjellander (1960) . Membrane filtration (molecular filter 

membrane, molecular filter, millipore filter) is a recognised quantitative 

method for testing water accurately for the presence of coliforms 

(Goetz, 1952; Slanetz and Bartley, 1955; Great Britai n Ministry of 

Health et al . 1956; Pelczar and Reid, 1958; Windle Taylor, 1958; 

American Public H~alth Associa tion et al . 1960 ; Salle, 1961; Burrows, 

1963; McKee and Wolf , 1963; World Health Organiza tion, 1963; Wilson and 

Miles, 1964; Cruickshank, 1965) . It was sa tisfactorily adapted for faeces, 

although this was a laborious task . By means of a sensitive chemical 

balance 1.0 g. of fresh faec es was weighed into a sterilised glass-

stoppered 10 ml . measuring cylinder , The faeces were transferred with 

two sterile straight nichrome wires, of which the points were drawn out 

to form minute spatulas . The faeces were deposited on the bottom of the 

measuring cylinder only, so as to f acilitate accurate measuring of the 

diluent. Sterile distilled water was carefully measured into the 

cylinder up to the 10 mL mark , in order to obtain a lo% faecal suspension. 

The cylinder was stoppered and shaken vigorously by hand to obtain a 
.LL - -- -- _,_ I 
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thorough suspension. From this tenfold dilutions were made into sterile 

1 oz. McCartney bottles, using a separate sterile pipette for each 

dilution . 

A sterilised filter membrane (The Oxoid Division of Oxo Limited, 1961; 

Windle Taylor and Burman , 1964) - 5 cm. (diameter) Oxoid grid-lined type -

was assembled in a sterile 100 mL Oxoid metal filter holding unit connected 

to an electric vacuum pump (Clark and Kabler, 1952 ; Task Group Report, 

1953; The Oxoid Division of Oxo Limited , 1961). lhe funnel was rinsed 

with sterile distilled water and the membrane soaked well (The Oxoid 

Division of Oxo Limited, 1961) . 

Approximately 30 ml . of sterile distilled water was measured into t he 

filtering funnel (Burrows , 1963) and the appropriate ii l-u.tion of the 

faecal suspension added. 

and suction was applied . 

The funnel was gent ly swirled to obtain mixing 

After filtration the funnel was rinsed 2 to 4 

times with 10 to 30 ml. of sterile distilled water and the membrane sucked 

dry again (C l ark and Kabler, 1952; Kabler and Clark, 1952; American 

Public Health Association et a l, 1960). 

The membrane was removed from the filter holder by means of sterile 

forceps and transferred , grid-side up to a smal l petri dish containing a 

soaked r esuscitation pad (i . e . two sterilised circles of Whatman No ?, 

5 . 5 • filter paper) . Care was taken not to entrap any air bubbles and 

that the entire membrane contacted the pad (Clark and Kabler , 1952; 

Kabler and Clark, 1952; Task Group Report, 1953 ; McKee and :tvicLaughlin , 

1958 ; The Oxoid Division of Oxo Limited, 1961; Windle Taylor and 

Burman , 1964) • 

Each dilution, viz . 0 . 001 , 0 . 0001 , 0 . 00001 , 0.000001 and 0.0000001 ml, 

was done in duplicate . To obtain the Total coliform count, half of 

the duplicates were "pre-incubated" on Resusci t ation membrane broth (Oxoid) 
0 for one hour at 37 C. Immediately aft er one hour the membranes were 

transferred without any delay to soaked MacConkey membrane (broth) pads 

and returned to the incubator for a further 17 hours, i.e. total incu-, 

bation time of 18 hours (The Oxoid Division of Oxo Limited, 1961 ; 

Windle Taylor and Burman , 1964) . For the Presumptive E. coli I counts 

the resuscitation plates were "pre- incubated"for two hours at 37°c . The 

membranes were then transferred to MacConkey membrane broth (Oxoid) and 

the plates packed in water-tight canisters , incubated in a waterbath at 

44~5°C, for a further 16 hours, i . e . total incubation time of 18 hours 

(The/ ••• 
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(The 0xoid Division of 0xo Limited , 1961; Windle Taylor and Burman , 1964) . 

After 18 hours total incubation all pl ates were counted while the 

membranes and pads were still warm. All l actose fermenting colonies 

were yellow (or shades of yellow) and were easi ly counted by the naked 

eye against the light blue background (The 0xoid Division of 0xo Limited , 

1961) . 

From the Total coliform and Presumptive E. coli I membr anes having 3 to 

300 colonies (Task Group Report , 1953) 10 to 40 l actose fermenting colonies 

were subcultured into the set of differential media given in 2. 3 and 2. 4 . 

Whenever necessary colonies were purified on MacConkey agar. 

Media 

The primary pl ating media we r e made up by mixing the ingredients 

according to the r eci:rk given by The 0xoid Division of 0xo Limited (1961) 

for the neutral r ed crystal violet modification of Ma cConkey agar and by 

Difeo Laboratories Incorpora t ed (1948, 1953) for E.M. B. (Levine) agar . 

Likewise_ the primary fermentation medium , viz . Lactose broth was made up 

by adding 0. 5% l actose to Difeo Nutrient broth. MacConkey broth (purple) 

and Brilliant green lactose 2% bile broth (i.e . the secondary fermentation 

media) were made up according to the methods described by the 0xoid Div

ision of 0xo Limited (1961) and Difeo Laboratories Incorporated (1948, 1953) 

re spectively . 

The differential media were accordingly made up : Tryptone water 

(Difeo Laboratories Incorporated , 1948 , 1953), M. R.-V. P . medium (at first 

Di feo dehydrated medium and later made up according to the recipe of Difeo 

Laboratories Incorporated , 1948 , 1953), Koser's citra te medium (first 

Difeo dehydrated medium, later brom-thymol blue added to this according to 

t he 0xoid Division of 0xo Limited, 1961) , debydrated Difeo Nutrient 

broth plus 12% gelatin, Lead acetate agar (dehydrated Difeo medium) , 

~ . S. I . agar (dehydrated Baltimore Bacteriological Laboratories medium) and 

dehydrated Difeo Nutrient broth plus 2% agar . 

The media given in 2.6, viz . Resuscitation membrane broth and 

MacConkey membrane broth were dehydrated products of 0xoid . 

In all cases the directions given by the 0xoid Division of 0xo Limi

ted (1961) ,, Difeo Laboratories Incorpora t ed (1948 , 1953 ) and those on the 

label of the product of the Baltimore Bacteriological Laboratories were 

strictly followed as far as preparation , autoclaving and distribution 

were concerned . The/ ..• 
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The i ngr edients used f or making up media , were as f ollows 

dehydr a t ed Nutrient bro th (Difeo) , l a ct ose (Bacto) , pep.tone (Bacto ) , 

commercia l s odium t aurochola t e (Ho pki n and Williams Ltd . ) sodium chloride 

( Prot ea), brom- cresol purpl e (Merck) , dehydr ated oxbile (Bacto), brilliant 

gr een (Gurr), tryptone (Bacto) , dextrose (Bacto ) , K2HP0
4 

(Merck ) , ge l a tin 

(Bacto), brom- thymol blue (Merck), eos i n , ye llow (Riedel De Haen) , 

methyl ene bl ue (Me rck ) , neutra l r ed ( Merck ) , crysta l violet (Merck ) 

and agar (Bacto) . 

Reagent s and stains 

The f ollowing r eagents wer e used for Kova cs ' s t est : par adi me t hyl

aminobenza l dehyde (Merck) , amyl a lcohol , Anal a r (Hopki n and Williams 

Ltd . ) , and hydrochloric acid , concentra t ed , A.R. (Riedel De Haen). 

For t he M.R. t est Me rck products wer e employed (i. e . methyl- r ed and 

et hyl a lcohol, absolute ) . Me rck products wer e a l so utili sed for t he 

V,P. t es t , ~ o<. - naphtho l, e t hyl a lcohol (absol u t e ) and KOH. 

I n Gr am ' s s tai ning method the f ollowing Merck dyes and reagent s 

were employed : me t hyl viole t 6 B, iodine , potassium iodi de , neutra l r ed 

and gl acia l ace tic acid . 

3. Results/ ••. 
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~. RESULTS 

Introductory remarks 

The results of the present study a r e tabul ated in 3. 5 (vide inf r a ) . 

In 3.4 (vide infra) an expl anation is gi ven of the symbols and abbrevi

ations which are used in those Tables showing the coliforms isolated f rom 

t he various subgroups(vide 3.5). In the l ast column of each of the Tables 

giving the coljform f lora of the various subgroups the names of all the 

coliforms isolated , other than typica l E. coli I are given . Where no name 

i s shown, i t i mplies that the organi s~ 1 is typical E. coli I • . This wa s 

done in order to f acilita te the reading of these Tables . 

Morpho logica l characteristics 

Al l coliform cultures i solated and purified were Gr am- negat ive , 

non-sporing bacilli, most l y extremely short r ods . Capsules were not 

seen among the E.coli s trains , but sometimes Irregular II baci l l i were 

encapsul ated , confirming the work of Windle Taylor (1958) •. Among t he 

Kl ebsieJla and Irregular VI strains the occurrence of capsul es was common . 

Purifica tion of cultures 

A phenomenon which should be mentioned he r e is the problem of obtaining 

purified coliform cultures . It was pointed out by Parr (1938) that 

Ruchhoft , Kallas , Chinn and Coulter emphasized th€ problem of purification 

in 1931. Consequent l y Parr, in his work, sub j ected "a number of str ains" 

to "det ailed purification i nvolving 28 serial transpl ants on various mediums 
II 

including seven pl atings and pickings . Thi s necessity f or repeated 

replating to obtain purification was again str essed by Frank and Skinner 

(1941) . 

During the present study this problem was often encountered , both in 

f aecal specimens and water sampl es . In faeca l specimens , E. coli I 

and Irregular II cultures , yielding citrate positive reactions , were most 

common. Invariably t his was due to a mixed growth wi th short Gram-

positi ve chains, most probably strains pertaining to the Streptococcus 

faece.li s group . This amazingly persistent co- growth occurred even after 

many replatings and subcultures in Lactose and MacConkey broth. 

From water sampl es , mixed growths of various coliform organi sms 

and of coliforms and streptococci occurred~ Because of these mixed 

growt hs Parr's Inte+mediate VIII and X (vide 4. 2) were encountered • 

.After careful purifica tion, someti mes after 20 subcultures , mo r e t han one 

strain of coliform and/or of s treptococcus could be separated . 
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Explanation of symbols and abbreviations used in Tables in 3.5 

+ on E.M.B. agar= 

- on E.M .B. agar = 

+ on Mace. agar= 

- on Ma cC . agar= 

Gin Lact . broth= 

- in Lact , broth= 

AG in Mace . broth= 

Typical E. coli appearance , i.e. dark, almost black , 
centred colonies, with a typical greenish metallic 
sheen , while neighbouring colonies do not tend to 
become confluent . 

Typical K.aerogenes appearance , i . e. colonies usual l y 
bigger than E. coli , brown centred (not as dark as 
E. coli), without metallic sheen , while neighbouring 
colonies tend to become confluent . 

Typical E. coli appearance , i . e . non-mucoid, dark 
(brick) red colonies, sometimes with a paler periphery. 

Typical K. aerogenes appearance, i . e mucoid, pink 
colonies . 

Fermentation of Lactose with the production of gas . 

Lactose not fermented . 

Fermentation of Lactose with the production of acid 
and gas, 

Ag in Mace . broth= Fermentation of Lactose with the production of acid 
and a bubble of gas only , 

A - in Mace . broth= Fermentation of Lactose with the production of e ~id 
only . 

- in !-TacC . broth= Lactose not fermented . 

+ Indole = Indole produced in Tryptone water, 

- Indole = Indole not produced in Tryptone water , 

+ M.R. = Acid produced from dextrose in M. R. -V .P. medium , 

- M.R. = Acid not produced from dextrose in M. R.-V . P. medium. 

+ V. . P . = Acetylmethylcarbinol produced from dextrose in 
M.R. -V .P . medium. 

- V. P , = Acetylmethylcarbinol not produced from dextrose in 
M. R. -V . P. medium, 

+Citrate= 

Citrate= 

+Gelatin= 

Gelatin= 

Able to grow in Citrate medium, i . e . citrate utili
sation. 

Unable to grow in Citrate medium. 

Able to liquefy Gelatin , 

Unable to liquefy Gelatin . 

Able to produce H2S in the appropriate medium. 

Unable to produce H2s in the appropria te medium. 



E . rJI .B. agar = 

Mace . agar= 

Mace • . broth= 

Lact . . . broth = 

M.R. = 

V.P. = 

~I. R.-V-. P . medium = 

HS -2 -

T. S .. I . agar = 

hrs= 
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Eo s in methylene blue agar . 

Maceonkey aga r . 

Maceonkey broth. 

Lactose broth . 

Methyl- red test . 

Voges- Proskauer test . 

Methyl-Red- Voges-Proskauer medium •. 

Test for the production of hydrogen sulphide . 

Triple sugar iron agar . 

hours . 

TABLE 1/ •• • 
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TABLE 1 

COLIFORN FLORA OF SUBGROUP A 
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1 a + G lAG AG + + - - - + E.coli I(?) 
1 b- j + G lAG AG + + - - - -
2 a- j + G AG AG + + - - - -
3 a- j + G AG AG + + - - - -
4 a- j + G AG AG + + - - - -
5 a- e + G AG AG + + - - - -
6 a + G AG AG - + - - - - Irregular II 
6 b- e + G AG AG + + - - - -
7 a + G AG AG - + - - - - Irregular II 
7 b- e + G AG AG + + - - - -
8 a- e + G AG AG + + - - - -
9 a- e + G AG AG + + - - - -

10 a- e + G AG AG + + - - - -
11 a- e + G AG AG + + - - - -
12 a , b + G AG AG - + - - - - Irregular II 
12 c-e + G AG AG + + - - - -
13 a- e + G AG .AG + + - - - -
14 a- e + G AG AG + + - - - -
15 a- e + G AG AG + + - - - -
16 a- e + G AG AG + + - - - -
17 a- e + G AG AG + + - - - -
18 a- e + G AG AG + + - - - -
19 a- e + G AG AG + + - - - -
20 a- e + G AG AG + + - - - -
21 a- e + G AG AG + + - - - -
22 a + G AG J.G + - - - - - Atypical E. coli I 
22 b- e + G AG AG + + - - - -
23 a- e + G AG AG + + - - - -
24 a + G AG AG - + - - - - Irregular II 
24 b- e + G AG AG + + - - - -
25 a- e + G AG AG - + - - - - Irregular II 
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TABLE 2 

DISTRIBUTION OF COLIFOIB11 STRAINS IN SUBGROUP A 

Coliform strains No of % of No of 
Samples Samnles Strains 

E.coli I 24 96 133 

E.coli I H2S+ 1 4 1 

Atypical E.coli I 1 4 1 

Irregul a r II 5 20 10 

E. coli I only 18 72 

Irregular II only 1 4 

E.coli I and E.coli I H2S+ 1 4 

E.coli I and atypical E.coli J 1 4 

E.coli I and Irregular II 4 16 

TOTAL I 25 100 145 
' 

TABLE 3 

DISTRIBUTION OF COLIFORM STRAINS I N SUBGROUP A, 

GROUPING ALL ATYPICAL AND TYPICAL STRAINS TOGETHER. 

Coliform strains No of % of No of 
Samnles Samples Strains 

E.coli I 24 96 135 

Irregular II 1 4 10 

E.coli I only 20 80 

Irregular II only 1 4 

E. coli I and Irregular II 4 16 

TOTAL 25 100 145 

% of 
Strains 

91:.'.72 

o.69 

o.69 

6. 90 

100.00 

% · of 
Strains 

93 ,1 

6 .. 9 

100.0 

The strai n of E.coli I which pr oduced hydrogen sulphide (vide 
Tabl e l}, only caused a br ownine of the medium, but enough colour was 
visibl e t o recor d it as positive . 
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TABLE 4 

COLIFOR.lvI FLORA. __ QF SUBGROUP Al 
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G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G* 
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.A.G 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
LG 
1.;.G 
11.G 
AG 
AG 
AG 
J..G 
AG** 

C + 
a- e + 
a , c- f + 
b + 
a- f 
a- f 
a- e 
a- f 
a- e 
a-f 
a- e 
a-e 
a- e 
a- e 
a- e 
a- e 
a-e 
a 
b- e 
a-e 
a- g 
a- g 
a-f 
a- e 
a-e 
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~- e , g I 
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+ 
+ 
+ 
+ 
+ 
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* G ir. 48 hrs 

** AG in 48 hrs 

Cf.) 
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..c: ..c: 

.µ 
0 sj
H N 
,.a 

• 0 
00 
0 l.f\ 
:iJ • 

:a:: sj-
sj-

AG 
AG 
I.G 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
.AG 
.AG 
AG 
J~G 
~G 

AG 
L.G 
ltG 

- *** 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
- *** 

i 

ca 
H 

..c: 
Cl) sj
rl N 
0 
rd • 
s:: 0 
HO 

t-
t<"\ 

+ 
+ 

+ 
+ 
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+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
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+ 
+ 
+ 
+ 
+ 
+ 
+ 

*** Negative AG in 48 hrs 

Cl) t~ Cl] Cl) 
:>:, H :>:, :>, 
CJ ..C: Cd Cu 
rd ClJrdS::rd 

Cf) 
H 

..c: 
• . • CO+> rl C) 
~ l.f\ p.. sj- cu sj- t-- sj-

• • . H ell U) 

:a:: • • +> • •- N •IEicro- organism 
O O ·rl O ClJ Op:! 0 

o o . oo I o 
0 0 t-- 0 t--
t<"\ t<"\ t<"\ t<"\ t<"\ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ ' -

I + - ! 

- ,Irregular II 

- ,Irregular II 

- ,E . coli _III 

l + 
- ,K. a erogenes I 
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TABLE 5 

DISTRIBUTION OF COLIFORM STRAINS IN SUBGROUP A1 

Coliform strains Ne of 7o of No of 
Samnles Sam1,les Strains 

E. coli I 25 100 135 

E. coli III 1 4 1 

K. aerogenes I 1 4 1 

Irregular II 2 8 2 
' 

E. coli I only 21 84 

E. coli I and E. coli III 1 4 

E. coli I and K. aerogenes I 1 4 

E. coli I and Irregular II 2 8 

TOTAL 25 100 139 

TABLE 6 

DISTRIBUTION OF COLIFORM STRhINS IN FOWLS . 

Coliform strains No of % of No of 
Samnles Samnles Strains 

E.coli I 49 98 268 

Irregular II 7 14 12 

E1 coli I H2S+ 1 2 1 

At ypical E. coli I 1 2 1 

E. coli III 1 2 1 

K. aerogenes I 1 2 1 

E.coli I only 39 78 

Irregular II only 1 2 

E. coli I and Irregular II 6 12 

E. coli I and E! coli I H2S+ 1 2 

E.coli I and atypical E. coli I 1 2 

E!coli I and E1 coli III 1 2 

E. coli I and K. aerogenes I 1 2 

TOTAL 50 100 284 

-% of 
Strains 

97 . 12 

0 . 72 

0 . 72 

1.44 

100. 00 

fo of 
Strains 

94 . 37 

4 . 23 

0 . 35 

0 . 35 

0 . 35 

0 . 35 

100 . 00 . 
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TABLE 7 

DISTRIBUTION OF COLIFORN STRAINS I N FOWLS , 

GROUPING ALL ATYPICAL AND TYPICAL STRAI NS TOGETHER , 

Col iform strains Ne of % of Ne, of 
Samnles Sam-oles Strains 

E.coli I 49 98 270 

E.coli I II 1 2 1 

K. aer ogenes I 1 2 1 

Irregular II 7 14 12 

E.coli I only 41 82 

Irregular II only 1 2 

E.coli I and E.coli III 1 2 

E.coli I and K, aer ogenes I 1 2 

E.coli I and Irregular II 6 12 

TOTAL 50 100 284 

% of 
Strains 

95 ,07 

0 ,35 

0 , 35 

4 . 23 

100. 00 
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TABLE 8 

COLIFORM FLORA OF SUBGROUP l3 

U,) 

H 
[/) (/J ..Q ..Q U,) [/) Cl) f; H v1 ..C: H ..Q H +> H l>, H 

m H +> ..Q +> ..Q Q-tj- ..Q a:! ..Q a:! 
~..Q 0 0 H C'\I '"CJ (!) rd 

0 Cu H tj- H tj- ,.0 (!) tj- (JJ +> 
i:1 • tj- ,.0 N ,.0 N . ri N • I..[\ • tj- cj tj-

p'.1 N • · . • O 0 ~ P-i H 
i:1 . +> • 0 . 00 rd . . . . • .+-=> .... 

·r-1 ~ . 00 00 0 I..[\ i:10 ~o ::> 0 ·r! 0 
cj • 0 a:!0 'ilO co • HO 0 0 00 
H so ...:it-- ~ t-- ~ ,tj-- t-- 0 0 t--

+> t-- t<, t<, tj- t<, t<, t<, t<, 
Cl) t<, 

a- j + G AG AG + + - -
a- j + G AG AG + + - -
a- j + G AG AG + + - -
a- c , e-j + G AG AG + + - -
d 
a 
b- e 
a- e 
a- e 
a- e 
a- e 
a- e 
a- e 
a- e 
a- e 
a- e 
a- e 
a 
b- e 
a- e 
a- e 
a- e 
a- e 
a- e 
a- e 
a- e 
a- e 
a- e 

- G AG -* + - + + 
+ AG A-** - + - -
+ AG AG + + - -
+ AG AG + + - -
+ AG AG + + - -
+ AG AG + + - -
+ AG AG + + - -
+ AG AG + + - -
+ AG AG + + - -
+ AG AG + + - -
+ AG J.G + + - -
+ AG i.G + + - -
+ AG AG + + - -
+ AG AG*** - + - -
+ AG AG + + - -
+ AG AG + + - -
+ AG AG + + - -
+ AG AG + + - -
+ AG AG + + - -
+ AG AG + + - -
+ AG AG + + - -
+ AG AG + + - -
+ AG AG + + - -
+ AG AG I 

I + + - -

* Negative AG in 48 hrs 
** A i n 36 trs, negative Gin 48 hrs 

*** AG in 48 hrs 

C,~ (I) 

l>, H 
a:! ..Q 

i:1 '"CJ 
·r-1 0) 
+> t-- tj-
a:! Cl) jVlicro-organism 
r-i • N • 
(!) 0 ::J:10 
00 0 

0 t--
t<, t<, 

- -
- -
- -
- -
- - K.aeroirnnes II 
- - E.coli II (?) 
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- - Irregul ar II 
- -
- -
- -
- -
- -
- -
- -
- -... -
- -
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TABLE 9 

DISTRIBUTI ON OF COLIFORM STRAI NS IN SUBGROUP B 

No of % of No of % of Colif orm s trai ns Samples Samples St rains Strains 

E. coli I 25 100 142 

E. coli II 1 4 1 

K. aerogenes II 1 4 1 

Irregular II 1 4 1 

E.coli I only 22 88 

E. coli I and E. coli II 1 4 

E.coli I and K. aerogenes II 1 4 

E.coli I and Irregul ar II 1 4 

TOTAL 25 100 145 

The E. coli II s trai n (vi de Tnr:l e 8 ) wa s ntypi ca l , a s it 
aci d i n Ma cConkey br ot h a t 44 . 5°C., while the K. a eroeenes II 
f or ned mor e glls than this t ype usually does (Windl e Taylor , 
(Usually t hi s s trai n only fo r ms a but bl e of gas .) 

97 . 93 

0 . 69 

o . 69 

0 . 69 

100 . 00 

pr oduced 
s t r ai n 

1958). 
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TAB LE 10 

COLIFOP~I FLORA OF SUBGROUP Bl 

Cl] Cl] Ul Ul Ul Ul 
,.q ,.q H H :>, H :>, :>, Ul 

Ul ,.q Ul +> Ul +> ,.q ,.q cj ,.q cj d H 
H H +> H 0 H 0 "O (!) "O s:: "O ,.q 

0 0 ~~ 0 ,.q H ,.q H -s:;t- Q) tj- co +> ·rl Micro-or gani sm s:: s:: H ,0 ,0 (\J rl (\J • IS\ ~ tj- cj tj- +> r-- ~ co 
'ii tj- ,Otj- -s:t- 0 i:r:: Pa H ((! (\J -tj-

Q) s:: • (\J • (\J • (\J . . "O • . . . . +> • rl • tI:1 
rl ·rl fl:i +> 0 0 0 s:: 0 ~ u :> 0 •rl 0 Q) 0 . 
P, ~ . . 0 . 0 . 00 H) 0 0 00 0 0 0 
s H ~ 0 (;J 0 c;J O ((! IS\ r-- 0 0 r-- 0 Qt-
("j +> •O 1--lO ~ o ~ . ['("\ ['("\ ['("\ ['("\ ['("\ 

UJ UJ i:,:::ir-- r-- r-- -s:t- t<' 
['("\ ['("\ ['("\ -s:t-

1 a- j + G AG AG - + - I - - - Irregular II 
2 a- e + G AG AG + + - - - -
3 a- e + G AG AG + + - - - -
4 a- e + G AG AG + + - - - -
5 a- e + G AG AG + + - - - -
6 a- e + G .AG AG + + - - - -
7 a- e + G AG .AG + + - - - -u a- e + G JI G AG + + ' - - - -

a- e + G AG AG + + - - - -
a- e + G AG AG + + - - - -

11 a- e + G AG AG + + - - - -
12 a- e + G li.G AG + + - - - -
13 a- e + G AG AG + + - - - -
14 a- e + G AG AG + + - - - -
15 a- e + G J.G AG + + - - - -
16 a- e + G liG AG + + - - - ..;, 

17 a- e + G AG AG + + - - - -
18 a- e + G J.G AG + + - - - -
19 a- e + G AG liG + + - - - -
20 a- e + G AG AG + + - - - -
21 a- e + G 11.G J G + + - - - -
22 a- e + G AG AG + + - - - -
23 a- e + G AG AG + + - - - -
24 a- e + G AG AG + + - - - -
25 a- e + G AG AG + + - - - -

I 
I 
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TABLE 11 

DISTRIBUTION OF COLIFORM STRAINS IN SUBGROUP Bl 

Coliform str ains No of % of No of % of 
Samnles Samnles Strains Strains 

E .. coli I 24 96 120 92,3 
Irregular II 1 4 10 7.7 

E. coli I only 24 96 
Irr egular II only 1 4 

TOTAL 25 100 130 100 ,0 
i 

TABLE 12 

DISTRIBUTION OF COLIFORM STRAINS IN SHEEP 

Coliform strains No of r; of No of % of 
Samnl es Samoles Strains Str ains 

E.coli I 49 98 262 95 , 2 

E. coli II 1 2 1 0.4 

K. aerogenes II 1 2 1 0. 4 

Irregular II 2 4 11 4 ,0 

E. coli I only 46 92 

Irr egul ar II only 1 2 

E.coli I and E1 coli II 1 2 

E.coli I and K2aerogenes II 1 2 

E.coli I and Irregul ar II 1 2 

TOTAL 50 100 275 106.0 



0 0 
i::1 i::1 

(I) i::1 
r-1 ·rl 
P; co 
s 1-i 
ctl +:> 

Cf) Cf) 

1 a- j 
2 a- j 
3 a- j 
4 a- j 
5 a- e 
6 a- e 
7 a- e 
8 a- e 
9 a- e 

10 a- e 
11 a- e 
12 a- e 
13 a- e 
14 a- e 
15 a- e 
16 a 
16 b- e 
17 a- e 
18 a , c , e 
18 I b 
18 d 
19 a- e 
20 a- e 
21 a- e 
22 a- e 
23 a- e 
24 a- e 
25 a- e 
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TABLE 13 

COLIFOfil~ FLORA OF SUBGROUP C 

(/) 

H 
H m .i:1 (/) .i:1 (/) .i:1 .i:1 
c;j H +:> H +:> H +:> 
tlO .i:1 0 .i:1 0 .i:1 0 tj-
('j H H 1-iN 

tj- .0 tj- .0 tj- .0 
• N N N . 

µ:i . . • 0 . . +:> • 0 . 0 0 
:a:::o C) 0 C) 0 C) LC\ 

oQ roo coo Ctl . 
J:il t- ,-..:i t- ~ t- :a: <;j-

t<'\ t<'\ t<'\ tj-

+ G AG AG 
+ G AG AG 
+ G AG AG 
+ G AG AG 
+ G AG AG 
+ G AG AG 
+ G AG AG 
+ G AG J.G 
+ G AG l\.G 
+ G AG l\.G 
+ G l\.G AG 
+ G AG AG 
+ G AG AG 
+ G AG l\.G 
+ G AG AG 
+ G AG AG 
+ G AG AG 
+ G AG AG 
+ G AG AG 
+ G AG AG 
- G* AG** - *** 
+ G li.G AG 
+ G AG AG 
+ G AG AG 
+ G AG AG 
+ G AG AG 
+ G AG AG 
+ G 1 AG AG 

I 
I 

*Gin 48 hrs 
** J.G in 48 hr s 

(/) 

H 
.i:1 

(I)""''" 
r-1 N 
0 

'U . 
i::1O 
HO 

t-
t<'\ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
+ 
-
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 

*** Negative AG in 48 hrs 

(/) 
(/) (/) :>, 
:>, H ctl 
(\j .i:1 (I) 'U 
'U +:> 

ro ctl <;j-
• Lr\ • <;j- H 

p::j P-t +:> • . . . . ·rl 0 
~o P-O 00 

0 0 t-
0 0 t<'\ 
t<'\ t<'\ 

+ - -
+ - -
+ - -
+ - -
+ - -
+ - -
+ - -
+ - -
+ - -
+ - -
+ - -
+ - -
+ - -
+ - -
+ - -
+ - -
+ - -
+ - -
+ - -
+ - -
- + + 
+ - -
+ - -
+ - -
+ - -
+ - -
+ - -
+ - -

(/) 
:>, (/) 
('j H 

i::1 'U .i:1 
•ri 
+:> t- Cf) Cl) 
ctl C\J<;j- Mi cro-organi sm r-1 • II1 
(1)0 

c.'lo d 
0 0 
t<'\ t-

t<'\ 

- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- - Irregular II 
- -
- -
- -
- - Irregular II 
- - K. aerogenes I 
- -
- -
- "'" 
- -
- -
- -
- -
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TABLE 14 

DISTRIBUTION OF COLIFORM STRAINS I N SUBGROUP C 

Coliform strains No of % of No of % of 
Samnles Samnles Strains Stre.ins 

E.coli I 25 100 142 97. 93 

K. aerogenes I 1 4 1 o .69 

Irregula r II 2 8 2 1. 38 

E. coli I only 23 92 

E.coli I , K. aerogenes I 
and Irregul ar II 1 4 

E.coli I and Irregular II 1 4 

TOTAL 25 100 i 145 100 .0 0 . 
I 
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TABLE 15 

COLIFORM FLOM OF SUBGROUP c1 

C/l 
C/l 0) F-t C/l C/l C/l ~ 

Cl) CD 
F-t ,.q C/l ,.q F-t ,.q ,.q 

~ 
>, F-t :>, F-t 

F-t ,.q .µ F-t .µ ,.q .µ Cil ,.q co "' ,.q 
0 0 Cil o ,.q 0 0 -tj- 'O (l) 'O i:1 'O 
i:1 i:1 QO -tj- F-t F-t -tj- F-t N (l)tj- co .µ ·rl OJ 

cjN ,0 s;:1- ,0 N ,0 rlN • 11'\ • -.;:!- ('j -tj- .µ c- -tj-
(l) i:1 N • 0 p::: Poi F-t m Micro-organism rl •rl . . . . . • 0 'O . . . . . .p • rl • U) . 
p.. Cil ,:q 0 .p . 00 00 i:10 ~o P,-0 ·rl 0 (1)0 NO 
s F-t -0 o o · 00 0 11'\ HO 0 0 00 00 ::r:lO 
Cil .µ ~ c- CllO Cll c- ctl • c- 0 0 c- 0 c-

Cl) U) • t<\ H c- ~ t<\ ~ -tj- t<\ t<\ t<\ t<\ t<\ t<\ 
i:,:-:i t<\ -tj-

1 a- e + G AG AG + + - - - .... 
2 a- e + G AG AG + + - - - -
3 a- e + G AG AG + + - - - -
4 a- e + G AG AG + + - - - -
5 a- e + G AG AG + + - - ...., -
6 a- e + G AG AG + + - - - -
7 a- e + G AG AG + + - - - -
8 a- e + G Ar; AG + + - - - -
9 a- e + G AG AG + + - - - -

10 a- e + G AG AG + + - - - -
11 a- e + G AG AG + + - - - -.. 
12 a- e + G AG AG + + - - - -
13 a- e + G AG AG + + - - - -
14 a- e + G AG AG + + - - - -
15 a- e + G AG AG + + - - - -
16 a- e + G AG AG + + - - - -
17 a- e + G AG AG + 

. 
+ - - - -

18 a- e + G AG AG + + - - - -
19 a- e + G AG AG + + - - - -
20 a-e + G AG AG + + - - - -
21 a-e + G AG AG + + - - - -
22 a- e + G AG AG + + - - - -
23 a + G AG -* + + - - - - E. coli III 
23 b- e + G AG AG + + - - - -
24 a- e + G AG AG + + - - - -
25 a- e + G AG AG + + - - - -

I 

* Negative AG in 48 hrs 
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TABLE 16 

DISTRIBUTION OF COLIFORM STRAINS IN SUBGROUP c1 

Coliform strains No of % of No of % of 
Samples Samples Strains Strains 

E.coli I 25 100 124 99.2 

E.coli III 1 4 1 o . s 

E.coli T only 24 96 

E.coli I and E. coli III 1 4 

TOTAL 25 ! 100 I 125 100.0 
j ,, 

TABLE 17 

DISTRIBUTION OF COLIFORM STRAINS IN CATTLE 

Coliform strains No of % of No of %. of 
Samules Samul es Strains Strains 

E.coli I 50 100 266 98 . 52 

E. coli III 1 2 1 o . ~7 

K. aerogenes I 1 2 1 0 . 37 

Irregular II 2 4 2 0 . 74 

E. coli I only 47 94 

E.coli I and E. coli I II 1 2 

E,coli I , K.aerogenes I and 
Irregular II 1 2 

E. coli I and Irregular II 1 2 

TOTAL 50 100 270 100 . po 
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TABLE 18 

COLIFORM FLORA OF SUBGROUP D 

Ul 
H 

Ul Ul ,.c: 
H ,.c: H ..c: 

H ..C: .p ,.c: .p tj-
0 Cl1 0 O N 
s:: tu) tj- H tj- H 

cj N ,0 N ,0 . 
s:: D 
·rl . . . .. •O 
(j bD DD Dlf'I 
H 00 00 C) . 
.p 

~ ~ c;j c--- Cl1 tj-
U'.l ::::: I'<, ~tj-

a- e + AG AG 
a- e + AG .AG 
a , b + AG .AG 
c- e - .AG - + 
a , b , d , e + AG .AG 
C + AG AG** 
a ,b + l1 G - + 
c-e + AG AG** 
a- e + b.G AG 
a , b + AG AG 
c- e - AG AG** 
a + AG -+ 
b- e + AG AG 
a- e + AG AG 
a , b + AG AG 
c-e - G - + 
a , b , e + AG AG 
c,d - AG -+ 
a - AG - + 
b , e - .ilG -+ 
c,d - AG AG 
a + AG A-++ 
b- e + AG AG 
a- e + ·G AG 
a , b , d + AG AG 
c, e - AG* - + 
a , b + AG AG 
c, e , f - AG -+ 
d - AG AG** 
a , b , e + AG AG 
C - AG AG 
d - AG -+ 
a ,c + J G -+ 
b + AG AG 
d,e + AG AG** 
a- e + AG AG 
a + AG AG** 
b- e + AG AG 
a , b + AG AG 
c-e + AG AG 
a- e + AG AG 

* AG in 48 hrs 
** AG in 48 hrs 

I 

+ + 
er, Ul Ul Ul + Ul 

Ul :>, H :>, :>, H 
H ctl ..c: Cj c;j ..c:: 

..c:: 'O 'O s:: 'O Mi cro-organism a) a.> ·rl -tj' 
a.> tj- Lf\ tj- .p tj- .p c--- N 
rl C\J . . (j t;j ~ 
0 p:: . p.., • H • rl • N • 
'O . • D • D .p D WD l=t::;D 
S:: D ~ o p.-0 ·rlO 0 0 0 
HO 0 0 D C--- 0 c---

c--- I'<, I'<, I'<, I'<, I'<, 
I'<, 

+ + - - - -
+ + - - - -
+ + - - - -
+ + - - - - E.coli III 
+ + - - - -
+ + - - - -
- + - - - - E.coli II 
- + - - - - Irregular II 
+ + - - - -
+ + - - - -
- - + + - - Irregular VI 
+ + - - - - E.coli III 
+ + - -

I 
- -

+ + - - - -
+ + - - - -
- - + + - - K. aerogenes I 
+ + - - - -
- - + + ~ - - K • .aerogenes I 
- - + - - - Irregular V 

- - + + - - K.aerogenes r 
- - + + - - Irregular VI · 
+ + - - - - E.coli III (? ) 
+ + - - - -
+ + - - -- -
+ + - - - -
- - + + - - K. aerogenes I 
+ + - - - -
- - + + - - K. ae rogenes I 
- - + + - - Irregul a r VI 
+ + - - - -
- - + + - - Irregul ar VI 
- + - + + - Irre[ ular IV 
+ + - - - - E.coli III 
+ + - - - -
+ + - - - -
+ + - - - -
+ + - - - -
+ + - - - -
+ + - - - + 

I 
E.coli I ( ?) 

+ + - - - -
+ + - - - I - I 

+ Negative. .AG in 48 hrs 
++ A in 24 hrs , negative Gin 48 hr s 

+++ H
2
s production tested on T. S. I . agar 

instead of Lead acetate agar. 

I 
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TABLE 19 

DISTRIBUTION OF COLIFORM STRAINS IN SUBGROUP D 

No of 70 of No of Coliform strains Samnles Samples Strains 

E. coli I 20 90 . 9 76 
E. coli I H2S+ 1 4 . 6 2 
E.coli II 1 4 • .6 2 
E. coli III 4 18 . 2 7 
K. aerogenes I 5 22 . 7 12 
Irregular II 1 4 . 6 3 
Irregular IV 1 4 . 6 1 
Irregular V 1 4. 6 1 
Irregula r VI 4 18 . 2. 7 

E.coli I only 9 40 . 90 
E. coli I and E.coli I H2S+ 1 4. 55 
E.coli I and E.coli III 4 18.17 
E. coli I and K. aerogenes I 3 13 . 63 
E.coli I , K.aer ogenes I and 

Irregular VI 1 4, 55 
E.coli I , Irregular IV and 

Irregula r VI 1 4. 55 
E.coli I and Irregular VI 1 4.55 
E.coli II and Irregular II 1 4. 55 
K. aerogenes I , Irregular V anc 

Irregular VI 1 4 , 55 

TOTAL 22 100 . 00 111 

TABLE 20 

DISTRIBUTION OF COLIFORH STRAINS I N SUBGROUP D, 
GROUPING ALL ATYPICAL AND TYPICAL STRAINS TOGETHER 

No of % of No of Coliform strains Samples Samples Strains 

E. coli I 20 90 . 9 78 
E.coli II 1 4 . 6 2 
E.coli III 4 18 . 2 7 
K. aerogenes I 5 22 . 7 12 
Irregular II 1 4. 6 3 
Irregular IV 1 4. 6 1 
Irregular V 1 4 . 6 1 
Irregular VI 4 18. 2 7 

E. coli I only 10 45 . 45 
E.coli I and E. coli III 4 18 .17 
E. coli I and K.aerogenes I 3 13 . 63 
E.coli I , K. aerogenes I and 

I rregul ar VI 1 4, 55 
E. CQli I , Irregular IV and 

Irregul ar VI 1 4 ,55 
E. coli I and Irregular VI 1 4 .55 
E.coli II and Irregular II 1 4 , 55 
K.aerogenes I, Irregular V and 

Irregular VI 1 4 .55 

TOTAL 22 100 . 00 111 

o1 
/0 of 
Strains 

68 . 47 
1.80 
1.80 
6. 31 

10 .. 81 
2. 70 
0. 90 
0, 90 
6. 31 

100 .00 

% of 
Str ains 

70 . 27 
1.80 
6. 31 

10.81 
2, 70 
0 , 90 
0. 90 
6. 31 

100.00 
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TABLE 21 

COLIFORl\'I FLORA O? SUBGROUP D1 

Cl) 
Cl) !] H 

C7) Cl) ~] Cl) ,.q Cl) Cl) Cl) Cl) Cl) 
H H H ,.q H ,.q H :>, H :>, :>, co 

0 C(j ,.q H ,.q ..p ,.q ..p tj- ,.q cj ,.q ctl cj <;j-
~ Ill) d 0 0 ON 'O (l) 'O ~ 'O I 

Cu -s;J- Ill) tj- H s;:t H s;:t H (I) tj- co ..p ·rl <;j-
~ N oN ..0 N ,C N ,c • rl N • I.!"\ • tj- (il-tj- ..p c-- N 
·rl . 0 0 p:: P-; H Cj 

Micro- organism (:j p:i • . . . . . . ·-o 'O • . . . . ..p • rl • Cf.l • 
H • 0 0 0 ..p 0 00 0 I.!"\ ~o :a::: 0 P-O ·rl 0 <l.lO NO 

..p ~ o 00 00 00 C) . H O 0 0 00 C:,0 l:I:10 
Cf.l • c-- m c-- C'j c-- d C-- ctl -tj- c-- 0 0 c-- 0 c--

Pil ('(", :a:::('(", Ht"", ~ ('(", :a::: tj- ('(", ('(", ('(", r<'I ('(", ('(", 

a- e + G AG AG + + - - - -
a- b + AG AG + + - - - -
C + AG - + - + - + - + Cit . f r eundii I 
d- f - AG - + - - + + - - K. aero1?enes I 
a- e + G .AG AG + + - - - -
a- e + G AG AG + + - - - -
a, c ,d + G AG AG + + - - - -
b , e + G AG AG - + - - - - Irregular II 
a,b , d , e + G AG AG + + - - - -
C - G AG AG - - + + - - Irregular VI 
a- e + G AG AG + + - - - -
a , b , d , e + G AG AG + + - - - -
C - G AG - + - - + + - - K1 aerogenes I 
a- e + G h.G AG + + - - - -
a- e + G AG AG + + - - - -
a-e + G AG AG + + - - - -
a- e + G AG AG + + - - - -
a- e + G AG AG + + - - - -
a- e + G AG AG + + - - - -
a- e + G AG AG + + - - - -
a- e + G AG AG + + - - - -
a- i + AG AG + + - - - -
a- e + AG AG + + - - - -
a- e + AG AG + + - - - -
a , b + AG AG + + - - - -
c,d - J,g - + + - + + - - K1aerogenes II 
e - Ag** * A- ++ + + - - - - E.coli III {?j 
a- e + AG AG + + - - - -
n- d + AG AG + + - - - -
e- h +** AG AG + + - - - -
a , b , d,e + AG AG + + - - - -
C + AG -+ + + - - - - E. coli III 
a- e + AG AG + + - - - -
a- e + AG AG + + - - - -
a- e - AG -+ - - + + - - K. aerogenes I 

* Not included in the general + Negative AG in 48 hrs 
survey (~ 4. 5) 

** Red colour faded within 18 hrs 
*** A in 24 hrs , gin 5 days 

++ A in 24 hr s, nega tive Gin 
48 hr s 

+++HS production for No 2 , 
11- 26 tested on T. S. I . agar 
instead of Lead acetate agar . 
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TABLE 22 

DISTRIBUTION OF COLIFORM STRAINS IN SUBGROUP D1 

No of % of No of Coliform strains Samnles Samples Str ains 

E. coli I 25 100 121 

E.-coli III 2 8 2 

Cit.freundii I 1 4 1 

K. aerogene s I 2 8 4 

K. ae rogenes II 1 4 2 

Irregular II 1 4 2 

Irregular VI 1 4 1 

E.coli I only 19 76 

E.coli I and E.coli III 1 4 

E.coli I, E1 coli III and 
K. aerogenes II 1 4 

E. coli I, and Cit . freundii I 
and K1 aerogenes I 1 4 

E.coli I and K. aerogenes I 1 4 

E.coli I and Irre@lar II 1 4 

E. coli I and Irre@lar VI 1 4 

TOTAL 25 100 133 

The atypica l E. coli III str ain of subgroup D (vide Table -18, 
Sample No 13) formed acid at 37 °c . and 44 . 5°C ., while onl y a 
bubbl e of gas was pr oduced after 5 days. According t o the def
inition of coliforms (vide 4 .1) thi s should t e regar ded as a 
par acolon or ganism. 

In subgroup n1 (vide Tabl e 21) an E. coli III strain formed 
acid a t 44 . 5°C . (vide Sampl e No 20 ) . 

In subgroup D2 (vide Table 23 ) 
strains produced a cid a t 44 . 5°C ., 
showed t he same cha r acteristic . 

quite a few of the E. coli III 
while the K. aerogenes I strain 

% of 
Strains 

90 .97 

1.51 

0.75 

3. 00 

1.51 

1.51 

0.75 

100 . 00 I 
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TABLE 23 

COLIFORM FLORA OF SUBGROUP D2 

[I) 
H 

rn ,.q 0) ~ ,.q rll 
H H +:> H +:> H 

0 §b ,.q 0 ,.q 0 tj- ,.q 
r::: H HN (!) 

c;J tj- ,n tj- ,n ,--l tj-
r::: N N . O N 

·rl . . • O 'O 
cj 0 . 0 • 00 ~ . 
H C) 0 C) 0 C) l.f"\ HO 

+:> c;JO c;IO c:J . 0 
rt) ~ c---- ~ c:-- ~ -tj'- c----

t<", ('("\ -:;t ('("\ 

a-d + AG -* + 
e + AG AG** + 
a-c + AG AG + 
d-e - AG AG -
a- e + AG AG + 
a-e + AG AG + 
a- e + AG AG + 
a- e + AG AG + 
a-c + AG AG -
d- e + AG AG + 
a- e + AG AG + 
n- e + AG AG + 
a ,c, d + AG AG + 
b + AG - * + 
e + AG A-+ + 
a ,c,d + AG A- + + 
b - AG A-+ -
e + AG AG + 
a ,c , e + AG A- + + 
b , d + AG AG + 
a- e + AG A-+ + 
a- e + AG -* + 

I 

* Negctive AG in 48 hrs 

** AG in 48 hrs 

0) 
>, 
cj 
'O 

• l.f"\ 
p:. . . 
~ o 

0 
0 
('("\ 

+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
+ 

(/) 

H ,.q 
co 

• tj-
P-, . . 
:>-o 

0 
0 
('("\ 

-
-
-
+ 
-
-
-
-
-
-
-
-
-
-
-
-
+ 
-
-
-
-
-

O') 
[I) 0) + ~ 
>, »+ ,.q 
,g d 

r::: 'O a, •rl 
+:> tj- +:> c----
c;J tj 
H • ,--j • 

+:> 0 a,o 
·rlO 00 
oc---- 0 

('("\ ('("\ 

- -
- -
- -
+ -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
+ -
- -
- -
- -
- -
- -

I 
+ A i n 

++ H2S 

~ Micro- organism ~i . 
0 

0 
c----
('("\ 

- E. coli III 
-
-
- Irregula r VI 
-
-
-
-
- I rregular II 
-
-
-
-
- E. coli III 
- E. coli III (?) 
- E.coli III (? ) 
- K. aerogenes I(?) 
-
- E. coli III (?) 
-
- E. coli III (?) 
- E. coli III 

24 hrs, negative Gin 
48 hrs 
production tested on 
T. S. I. agar . 
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TABLE 24 

DISTRIBUTION OF COLIFORM STRAINS IN SUBGROUP n2 

No of % of No of Coliform str ains Samples Samples Strains 

E.coli I 12 85 . 71 42 
E.coli III 6 42 . 86 22 
K. ae rogenes I 1 7,14 1 
Irregular II 1 7.14 3 
Irregular VI 1 7.14 2 

E1 coli I only 6 42 . 86 
E.coli III only 2 14 , 29 
E.coli I and E.coli III 3 21. 43 
E.coli I, E.coli III and 

K. aerogenes I 1 7,14 
E.coli I and Irregular II 1 7.14 
E.coli I and Irregular VI 1 7.14 

TOTAL 14 100.00 70 

TABLE 25 

DISTRIBUTION OF COLIFORM STRAINS I N MAN 

Coliform strains No of ~ of No of 
Sampl es Samples Strain s 

E.coli I 57 93. 4 197 
E.coli I H2S+ 1 1.,6 2 
E.coli II 1 1.6 2 
E.coli III 12 19.7 31 
Cit,freundii I 1 1. 6 1 
K.aerogenes I 8 13.1 17 
K,aerogenes II 1 1.6 2 
Irregular II 3 4 , 9 8 
Irregular IV 1 1.,6 1 
Irregular V 1 1. 6 1 
Irregular VI 6 . 9 , 8 10 

E.coli I only 34 55 , 74 
E.coli III only 2 3.28 
E.coli I and E.coli I H2S+ 1 1. 64 
E.coli I and E.coli III 8 13,11 
E.coli I, E.coli III and 

K. aerogene s I 1 1.64 
E1 coli I, E1 coli III and 

K. aerogenes II 1 1. 64 
E.coli I , Ci t 1freundii I 

and Kwaerogenes I 1 1. 64 
E.coli I and K, aerogenes I 4 6,55 
E.coli I, K, aerogenes I and 

Irregular VI 1 1. 64 
E.coli I and Irregular II 2 3,28 
E.coli I, Irregular IV and 

Irregular VI 1 1.64 
E.coli I and Irregular VI 3 4. 92 
E.coli II and Irregular II 1 1.64 
K.aerogenes I, Irregul ar V and 

Irregular VI 1 1.64 

TOTAL 61 100,00 272 

.f. ;o of 
Strains 

60 . 00 
31. 43 

1.43 
4 . 28 
2. 86 

100.00 

% -of 
Strains 

72 . 43 
0.73 
0.73 

11, 40 
0. 37 
6. 25 
0.73 
2.~4 
0.37 
0,37 
3.68 

100.00 
' 



- 50-

TABLE 26 

DISTRIBUTION OF COLIFORM STRAINS I N MAN, GROUPING 

ALL ATYPICAL AND TYPICAL STRAINS TOGETHER 

Coliform strains . No of % of No of 
Samnles Samnl es Strains 

E. coli I 57 93 . 4 199 

E~coli II 1 1. 6 2 

E •. coli III 12 19 . 7 31 

Cit . freundii I 1 1.6 1 

K.aerogenes I 8 13 . 1 17 

K. aerogenes II 1 1.6 2 

I r regular II 3 4 . 9 8 

Irregula r IV 1 1. 6 1 

Irregula r V 1 1.6 1 

Irregular VI 6 9. 8 10 

E.coli I only 35 57 -38 

E.coli III only 2 3 . 28 

E. coli I and E • .coli III 8 13 .11 

E. coli I , E. coli III and 
K.aerogenes I 1 1. 64 

E. coli I, E.coli III and 
K. aer ogenes II 1 1. 64 

Escoli I , Cit. freundii I and 
K. ae rogenes I 1 1. 64 

E. coli I and Koaerogenes I 4 6. 55 

E. coli I , K.aerogenes I and 
Irregula r VI 1 1. 64 

E. coli I and Irregul &r II 2 3 . 28 

E. coli I, Irregular IV and 
Irregul a r VI 1 1. 64 

E. coli I and Irregular VI 3 4 . 92 

E. coli II and Irregular II 1 1. 64 

K. aerogenes I , Irregular V and 
Irregula r VI 1 1.64 

TOTAL 61 100 . 00 272 

I % of 
Strains 

73 . 16 

0. 73 

11.40 

0. 37 

6.25 

0 .- 73 
2. 94 . 

0. 37 

0. 37 

3. 68 -

-

100. 00 
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TABLE 27 

TOTAL DISTRIBUTION OF COLIFORM STRl-1.I NS I N FAECES 

Coliform str a ins 

E. coli I 
E. coli I H2S+ 
Atypical E. coli I 
E. coli II 
E. coli III 
Cit . freundii I 
K. c:erogenes I 
K. aerogenes II 
Irregul ar II 
Irregula r IV 
Irregul a r V 
Irregul a r VI 

E. coli I only 
E. coli III only 
Irregul a r II only 
E. coli I and E.coli I H2S+ 
E. coli I and atypica l E. coli I 
E.coli I and E. coli II 
E. coli I and E. coli III 
E. coli I, E. coli III and 

K. nerogenes I 
E. coli I , E.coli III and 

K. aerogenes II 
E. coli I , Cit . freundii I and 

K. aerogenes I 
E. coli I and K. ae rogenes I 
E. coli I , K. ae rogenes I and 

and Irregul a r II 
E~coli I, K. aerogenes I and 

Irregular VI 
E. coli I and K. ae rogenes II 
E. coli I and Irregular II 
E. coli I , Irregular IV and 

Irregula r VI 
E. coli I and Irregul a r VI 
E. coli II and Irregul a r II 
K. aerogenes I , Irregul ar V 

and Irregular VI 

TOTAL 

of 
I
. No 

Samnles 

205 
2 
1 
2 

14 
1 

10 
2 

14 
1 
1 
6 

166 
2 
2 
2 
1 
1 

10 

1 

l 

1 
5 

1 

1 
1 

10 

1 
3 
1 

1 

211 

% of 
Samnles 

97 . 2 
1. 0 
0. 5 
1.0 
6. 6 
0. 5 
4.7 
1 . 0 
6 . 6 
0. 5 
0. 5 
2 . 8 

78 . 6 
0 . 9 
0 . 9 
0 . 9 
0. 5 
0. 5 
4.7 

0. 5 

0. 5 

0. 5 
2. 4 

0. 5 

0. 5 
0. 5 
4. 7 

0. 5 
1. 4 
0. 5 

0. 5 

100 . 0 

No of 
Strains 

993 
3 
1 
3 

33 
1 

19 
3 

33 
1 
1 

10 

1 , 101 

1o of 
Strains 

90 . 1 
0 . 3 
0. 1 
0.3' 
3.0· 
0. 1 
1 . 6 
0. 3 
3 . 0 
0 . 1 
O; l 
1. 0 

100 . 0 
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TABLE 28 

TOTAL DISTRIBUTION OF COLIFORM STRAD-S I N FAECES, 

GROUPING TYPICAL Afil) TYPICAL STRAINS TOGETHER 

No of ro of No of Coliform strnins Samnles Sampl es Strains 

E·. coli I 205 97. 2 997 
E. coli II 2 1.0 3 
E. coli III 14 6 . 6 33 
Cit- . freundii I 1 0 . 5 1 
K. aerogenes I 10 4 . 7 19 
K. eerogenes II 2 1. 0 3 
Irregular II 14 6 . 6 33 
Irregul a r IV 1 0 . 5 1 
Irregul ar V 1 0 . 5 1 
Irregul ar VI 6 2. 8 10 

E. coli I only 169 80 . 0 
E. coli III only 2 0 . 9 
Irregul a r II only 2 0 . 9 
E. coli I and E. coli II 1 0 . 5 
E. coli I and E. coli III 10 4 . 7 
E. coli I, E.coli III and 

K. aerogenes I 1 0 . 5 
E. coli I, E. coli III and 

K. eerogenes II 1 0 . 5 
E. coli I , Cit . freundi i I 

and K. aerogenes I 1 0 . 5 
E. coli I and K. aerogenes I 5 2. 4 
E. coli I , K. aerogenes I and 

Irregula r II 1 0 . 5 
E. coli I , K. aer ogenes I and 

Irregula r VI 1 0. 5 
E. coli I and K. cerogenes II 1 0 . 5 
E. coli I and Irregular II 10 4 . 7 
E. coli I and Irregula r VI 3 1. 4 
E. coli I, Irregula r IV and 

Irregular VI 1 0 . 5 
E. coli II end Irregular II 1 0. 5 
K. aerogenes I , Irregular V 

and Irregular VI 1 o.s 
TOTAL 211 100 . 0 1,101 

o:: 
10 of 
Strains 

. 90 . 5 
0 .. 3 
3. 0 
0 . 1 
1. 6 
0 . 3 
3. 0 
0 . 1 
0 . 1 
1.0 

100 .• 0 



COMPOSITION OF THE COLIFORI 

F O W L S S II E E P 

Coliform Strains No of % of o;; of Fo of % of % o: 

usually recognised strains coliform total strains coliform tot, 
studied flora in coliform studied flora in colif 

fowls flora sheep flo 

E.coli I 268 94.37 24.3 262 95.2 23. , 
E!coli II 1 0.4 o. 
E.coli III 1 0.35 0.1 
Cit.freundii I 
Cit!freundii II 
K1 aerogenes I 1 0.35 0.1 
K1aerogenes II 1 0.4 o. 
K1 cloacae 
Irregular II 12 4.23 1.0 11 4.0 1. 
Irregular III 
Irregular IV 
Irregular V 
Irregular VI 
Irregular VII 
Irregular VIII 

Additional strains 
isolated 

A typical E.coli I 1 0.35 0.1 
E.coli I H2S+ 1 0.35 0.1 

-
Total number of 284 275 strains 

% of total 25.8 
I 

25.0 coliform flora 
I 
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TABLE 29 

nORli. ISOLATED FROM FAECAL SPECilIBNS 

C A T T L E 

No of % of r~ of No of 
strains coliform total strains 

n studied flora in coliform studied 
cattle flora 

266 98.52 24.2 197 
2 

1 0.37 0 . 1 31 
1 

1 0.37 0. 1 17 
2 

2 0.74 0. 2 8 

1 
1 

10 

2 

270 272 

24 . 5 24 . 7 
: 

MAN 
Total % of I 

% of % of number total I 
coliform total of coliform 
flora in coliform stra ins flora 

man flora 

72 . 43 17.9 993 90 . 2 
0.73 0.2 3 0.3 

11.40 2. 7 33 2.9 
0.37 0.1 1 0.1 

0 
6. 25 1.5 19 1.7 
0.73 0. 2 3 0.3 

0 
2. 94 0.7 33 2. 9 

0 
0.37 0.1 1 0.1 
0.37 0.1 1 0.1 
3. 68 1.0 10 1.0 

0 
0 

1 0.1 
0.73 0. 2 3 0.3 

1,101 

100 .0 100.0 I 
I ' 
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9 a , c- e 
9 b 

10 a ,c , e 
10 b , d 
11 a- e 
12 a- e 
13 a , b 
13 c-e 
14 a , e 
14 b- d 
15 a , b , e 
15 c , d 

Ul ..Q ti) 
H +> H 

1--1 ..C: 0 ..c: 
~ 1--1 
~ tj-

- 54-

TABLE 30 

COLIFORM FLORA OF SUBGROUP E 

Ul 
1--i Ul Ul U) U) 

..C: Ul ..c: ..c: H :,., H :,., 
+> H +> ..c: co ..c: Cl) 
0 ..c: 0 tj- 'd © 'd 
H f.lN tj- O'.) -+> 
,.a tj- ..0 © N Lf\ tj- Cl) -tj-

U) 
Ul :,., 
~ Cl) 
~ s::: 'd 

,-j co +> c--,0 tj- s::t cu C'J N N . rl . . H ~ ~ . . • 0 0 . p:; • p... • +> .. Cl) 

• • +,) . • 0 . 00 'd 0 • O • 0 •rl 0 
0 0 C) 0 C) 0 C) Lf\ s:::o :a;:o ::>o 00 
00 

~c--
ctlO Cu . Ht- 0 0 c--

<.:IC-- ~c-- ~ tj- I"\ t<, t<, t<, 
~t<, t<, I<\ -s::t 

+ G AG AG + + - -
+ G AG AG + + - -
+ G AG AG + + - -
+* G AG AG + + - -· 
+ G AG AG + + - -
- G AG AG - - + + 
+ G AG AG + + - -
- G AG - ** - - - + 

+ G AG AG + + - -
+ G AG AG + + - -
+ G AG AG + + - -
+ G AG AG + + - -
- G AG AG - - + + 
+ G AG 11.G - + - -
+ G AG LG + + - -
+ G AG AG + + - -
+ G AG AG + + - -
+ G AG AG + + - -
+* G AG - ** + + - -
+ G AG AG + + - -
+ G AG - ** - - I - -
+ G AG AG + :1 - -
+* G AG - ** - - + 

* Red colour f a ded within 18 hrs 
** Negative AG in 48 hrs 

c'.1600 
N • 
~ 0 

0 0 
t<, c--

I"\ 

- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- · -
- -
- -
- -
- -
- -
- -
+ -

Micro-organism 

Irregular VI 

Atypical K.aero-
genes I 

Irregular VI 
Irregul a r II 

Eicoli III 

I rregula r VIII 

Irregular IV 
I 
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TABLE 31 

DISTRIBUTION OF COLIFORM STRAINS I N SUBGROUP E 

Coliform strains No of % of No of % of 
Samnles Samples Strains Strains 

E. coli I 15 100 57 76 . 0 

E.coli III 1 6 •. 7 3 4. 0 

Atypica l K~ aerogenes I 1 6 . 7 3 4. 0 

Irregul ar II 1 6. 7 3 4. 0 

Irregul a r IV 1 6. 7 2 2. 7 

Irregul a r VI 2 13 . 3 4 5.3 

Irregula r VIII 1 6 . 7 3 4. 0 

E. coli I only 8 53 , 32 

E. coli I and E. coli III 1 6,. 67 

E. coli I and ntypic ,__ l 
K. ae rogene s I 1 6. 67 

E. coli I and Irregula r II 1 6_. 67 

E. coli I and Irregula r IV 1 6. 67 

E.coli I and Irregubr VI 2 13 . 33 

E.coli I and IrrGgul nr VIII 1 6 . 67 

TOTAL 15 100 75 100 . 0 

The a typica l K. aerogenes I strains (vide Table 30) , differed 
from typica l K. aerogenes I str ains in being Voees- Proskauer negative . 
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13 a - e 

14 I a- e 

15 
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H 
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00 
00 
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TABLE 32 

COLIFORi1 FLORA OF SUBGROUP E1 

C/l rn 
..C: H ..C: H 
+> ..c: +> ..c: 
0 0 
H -s;J· H "¢ 
,ONl=QN 

. ~ .. +> 0 0 0 
00 00 
Cil Cil t-
H ~ t<'\ 

C/l 

..c:] 
+> tj
O N 
H 
,0 • 

0 
-0 

0 1.!'\ 
0 • 
Cil tj" 
~ tj-

C/l C/l C/l C/l 
H >., H >.. ..c: ,u ..c: Cil 

'O (!) 'O 
Q) tj- co +> 

r-l N • !..C\ • "¢ Ojtj-
0 P:: P..., H 
"0 ••·•• 4-l • 
~ 0 ~ 0 l> 0 •ri 0 
HO 0 0 00 

t- 0 0 t-
t<'\ t<'\ t<'\ t<'\ 

+ 

C/l 
Cll H 
>., ..c: 

~ Cll 
·ri '°d CO 
+> "¢ IM· . m t-tr.l p1cro-organ1sm 
,...; N 
Q) • µ::: 

c., 0 
0 

0 
t<'\ 

• 
0 

Ot
t<'\ 

Irregul ar II 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

AG 

AG 

AG 

AG 

1,G 

AG 

AG 

AG 

AG 

AG 

AG 

AG 

AG 

AG 

AG 

AG 

AG 

AG 

AG 

AG 

AG 

AG 

AG 

AG 

AG 

AG 

-* 
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+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
- 1-
- - E_._coli I_I 

+ 

+ G I AG 
+ I G ! AG 

-* 
.AG 

-* 
AG 

AG 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + 

+ K._cloacae 

K. ae ro_genes I 

No coliforms coul d be demonstr ated to be present . 

* Negative AG in 48 hrs 
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TABLE 33 

DISTRIBUTION OF COLIFORM STRAINS IN SUBGROUP E1 

Coliform strains No of % of No of % of 
Samnles Samnles Strains Strains 

E. coli I 13 86 . 7 59 84.28 

E.coli II 1 6.7 2 2.85 

K~aerogenes I 1 6. 7 3 4. 29 

K. cloacae 1 6.7 3 4. 29 

Irregular II 1 6. 7 3 4.29 

E~coli I 11 73.2 

. E~coli · I and K. aerogenes I 1 6;7 

E~coli I end Irregular II 1 6.7 

E.coli II and K. clonco.e 1 6~7 

Samples containing no coli-
forms 1 6. 7 

TOTAL 15 100 . 0 70 100.0 



l 
I 

o l 
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1 
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2 
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4 
4 
4 
5 
5 
5 
5 
6 
6 
6 
7 
7 
7 
8 
8 
9 
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10 
10 
10 
11 
12 
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13 
14 
14 
15 
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TABLE 34 

COLIFORM FLORA OF SUBGROUP E2 

en en 1:/) 

H H H 
1--t rn 1:/) ..c: ..c: en 1:/) 1:/) ..c: 
c;l H ..C: H ..c: ..c: H 1:/) 1:/) :>, ~ 
tlD ..c: .p ..c: -P <;j- .p tj- ..c: :>, H C\l s:1 ('j <X) 

0 C\l 0 0 ( \J 0 (\J (1) Cu ..c: (l) rd ·rl "O tj-
s:1 tj- H tj- H H ,-{ tj- rd .p .p 

• (\J ..0 (\J ..0 . ..0 . 0 N . • Q) Cil tj- ('j c-- Cl) 
s:1 ~ u u rd ~ I.I'\ P-i ,-j- ~I ,-i N Micro-organism 

•r~ i J . . •0 •0 s:1 . . . .p • 
~ ~ ::i:: Cj .p u U C-- UI.I'\ HU :::.:: • P- • ·rl u . 

H •O ()0 C) t<'\ C) . 0 u u co 0 u 
.p ~ c-- C\l t- qj cj tj- c-- 0 0 c-- 0 0 
Cl) t<"\ Ht<"\ ~ ~tj-- I:<"\ 0 0 t<"\ t<' c--

I:<"\ I:<"\ t<'\ 

a ,b,d + AG AG + + - - - -
C - AG - ** - - + + - - K.aerogones I 
e , f - G AG A- + - - + · + + - K. cloacae (?) 
a- d,g + AG AG + + - - - -
e ,f - AG - ** - - + + - - K. aerogencs I 
a , b , d , e + AG AG + + - - - -
c,f, g + AG AG + + - - - + E.coli I (?) 
a ,d, e + AG AG + + - - - -
b + AG AG - + - - - - Irregul ar II 
C - AG -** - - + - - - Irregular V 
a , b,d,f + AG AG + + - - - -
C - AG AG - - + + - - Irregul ar VI 
e + AG A- + - + - - - - E.coli II (?) 
g - AG - ** - - + + - - K1 aerogenes I 
a,b ,d-f + AG AG + + - - - -
C + AG - ** - + - - - - E.coli II 
g - AG -** - - + + - - K. aerogenes I 
a ,d - AG - ** - - + + - - K. aerogenes I 
b,e - AG Ag+➔ - - + + - - Irregula r VI (?) 
c,f + AG AG + + - - - -
a-c,e + G AG AG + + - - - -
d ,f - ,., AG AG - - + + - - Irregular VI 11 

a ,b,f + G AG AG + + - - - -
rK.aerogenes I c-e - G 11.G - ** - - + + - -

a , e + G AG AG + + - - -
b + G AG J.G - + - - I - - !Irregular II 
c, d G i Ag* / - ** i ! - I -- - I + + 

' 
- 1K. ae rogenes I 

No coliforms could be demonstrated to be present 
Dried up 

a , b , d + G AG AG I + + - - - -
c, e - G AG AG - - + + - - Irregular VI 
a,b , e + G AG AG + + - - - -
c,d - G Ag* - ** - - + + - - K,aerogenes I 
a,b , e + G AG AG + + - - - -
c,d - G AG -** - - + + - - K. aerogenes I 

* A in 24 hrs, gin 48 hr s 
** Negative i1G in 48 hrs 

+ A in 24 hrs , nega tive Gin 48 hrs 
++ A in 24 hrs ,, g in 48 hrs 



- 59-

TABLE 35 

DISTRIBUTION OF COLIFORMS IH SUBGROUP E2 

Coliform strains No of ro of No of % of 
Samples Samples Str ains Strains 

E. coli I 13 92 . 9 44 57, 1 

E. coli I H2S+ 1 7, 2 3 3. 9 
E. coli II 2 14. 3 2 2. 6 

K1 aerogenes I 9 64 . 3 16 20 .8 

K. cloncne 1 7. 2 2 2. 6 

Irregulnr II 2 14 ~3 2 2.-6 

Irregul nr V 1 1. 2 1 1.3 
Irregula r VI 4 28 . 6 7 9. 1 

E. coli I only 0 0 
E. coli I nnd E. coli I H2S+ 1 7. 2 
E. coli I , E. coli II and 

K. nerogenes I 1 7. 2 
E. coli I , E. coli II I 

K1 nerogenes I and 
Irregular VI 1 7 ._2 

E. coli I and I . aerogenes I 4 28 ._3 

E. coli I , K. aerog:enes I , 
and K. cloacae . 1 7. 2 

E. coli I , K. aerogenes I , 
and Irregular II 1 7. ~ 

E. coli I , K. aerog:enes I , 
nd Irregular VI 1 7. 2 

E. coli I, Irregular II 
Irregulnr V 1 7. ~ 

E. coli I and Irregula r VI 2 14 . 1 
Samples containing no coli-

forms 1 1. 2 
TOTAL 14 100 . 0 77 100. 0 
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TABLE, 36 

DISTRI BUTION OF COLIFORES I N SUBGROUP E2 , GROUPING 

ATYPICAL AND TYPICAL STRAINS TOGETHER. 

No of ~o of ]\io of 
.,f 

/b of Coliform str ai ns Samnles Sarrrnl es St rains St rains 

E. coli I 13 92. 9 47 61.0 

E.coli II 2 14.3 2 2. 6 

K. aerogenes I 9 64 . 3 16 20 . 8 

K.cloacae 1 7. 2 2 2.·6 

Irregular II 2 14. 3 2 2. 6 

Irregul ar V 1 7. 2 1 1. 3, 

I r regul a r VI 4 28 . 6 7 9 . 1 

E.coli I only 1 7 . 2 

~.coli I, . E. coli II and 
K. aerogenes I 1 7.2 

E.coli I, E.coli II, 
K.aerogenes I and 
Irregular VI 1 7 . 2 

E. coli I and K. aerogene s I 4 28 . 3 

E. coli I, K. aerogenes I and 
K.cloacae 1 7. 2 

E. coli I, K. aerogenes I and 
Irregula r II 1 7 . 2 

E. coli I , K. aerogenes I and 
Irregula r VI 1 7 . 2 

E. coli I, Irregular II and 
Irregu l ar V 1 7 . 2 

E.coli I and I rregul ar VI 2 14,1 I 

Sample s containing no coli-
forms 1 7. 2 

TOTAL 14 100 . 0 77 100.0 
'. 

Various a typica l strains weTe recover ed from su~group E
2 

(vide , 
Tabl e 3~ ). The K. 9toac~T s t~a ins (~ Sampl e No 1) produced acid 
a t 44 . 5 C., while some E,coli I stra i ns formed hydrogen sulphide 
(vide Sample No 3), The E,coli II s train produced acid a t 44 . 5°C . 
(vide Sampl e No 5) and

0
the a t ypical Irregular VI strai ns formed only 

a bubbl e of gas a t 44 ,5 C, (~ Sa~pl e No 7) . 
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TABLE 37 

DISTRIBUTION OF COLIFORMS H i WATER 

Coliform strc.ins No of % of 
So.mnles Se.mnles 

E. coli I 41 93 . 2 
E. coli I H

2
S+ 1 2 , 3 

E. coli II 3 6 . 8 
E. coli III 1 2. 3 
K. aerogenes I 10 22 . 7 
Atypical K. ae±ogenes I 1 2 . 3 
K. cloacae 2 4 . 6 
Irregula r II 4 9 . l 
Irregular IV 1 2. 3 
Irregular V 1 2. 3 
Irregul a r VI 6 13 . 6 
Irregula r VIII 1 2. 3 

E. coli I only 19 43.l 
E. coli I and E. coli I H2S+ 1 2. 3 
E. coli I , E.coli II and 

K. aerogenes I 1 2. 3 
E. coli I, E. coli II, 

K. aerogenes I and 
Irregular VI 1 2. 3 

E. coli I and E. coli III 1 2 . 3 
E. coli I and K. aerogenes I 5 11.3 
E. coli I , Keaerogenes I end 

K. cloacae 1 2. 3 
E. coli I , K. aerogenes I and 

Irregular II 1 2. 3 
E. coli I, K. ae rogenes I and 

Irregula r VI 1 2. 3 
E.coli I and atypica l 

K. aerogenes I 1 2. 3 
E. coli I and Irregula r II 2 4 . 5 

_E.coli I , Irr&gular II , 
Irregula r V 1 2. 3 

E. coli I and Irregular IV 1 2 . 3 
E. coli I and Irregula r VI 4 9. 0 
E!coli I and Irregular VIII 1 2. 3 
E·. coli II and K.cloacae 1 2. 3 
Samples containing no coli-

forms 2 4. . s 

TOTAL 44 100. 0 

No of 1;, of 
Strains Stra ins 

160 72 .1 
3 1.3 
4 1.8 
3 1.3 

19 8 . 6 
3 1.3 
5 2. 3 
8 3 . 6 
2 0.9 
1 0. 5 

11 5 •. 0 
3 1..3 

Z22 100 . 0 
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TABLE 38 

DISTRIBUTION OF COLIFOR.MS I N WATER . GROUPING 

ATYPICAL AND TYPICAL STRAINS TOGETHER 

No of ra of No of Coliform strains Samnles Samnl es Strains 

E. coli I 41 93 . 2 163 

E. coli II 3 6 ,8 4 

E. coli III 1 2, 3 3 

K. aerogenes I 11 35 , 0 22 

K.cloacae 2 4 , 6 5 

Irregular II 4 9. 1 8 

Irregular IV 1 2, 3 2 

Irregular V 1 2. 3 1 

Irregular VI 6 13 , 6 11 

Irregular VIII 1 2, 3 3 

E. coli I only 20 45 . 4 

E. coli I, E. coli II , and 
K. aerogenes I 1 2, 3 

E. coli I , E. coli II, 
K.aerogenes I and 
Irregular VI 1 2, 3 

E. coli I and E. coli III 1 2. 3 

E. coli I and K. aerogenes I 6 13 . 6 

E. coli I, K. aerogenes I and 
K. cloacae 1 2 ,3 

E. coli I , K. aerogenes I and 
Irregular II 1 2. 3 

E. ~oli I , K. aerogenes I and 
Irregular VI 1 2. 3 

E. coli I and Irregular II 2 4. 5 

E. coli I , Irregular II and 
Irregular V 1 2. 3 

E. coli I and Irregular IV 1 2. 3 

E. coli I and Irregular VI 4 9. 0 

E. coli I and Irregular VIII 1 2, 3 

E. coli II and K. cloacae 1 2. 3 

Samples containing no coli-
forms 1 4 .• 5 

TOTAL 44 100.. 0 222 

fo of 
Strains 

73 . 4 

1.8 

1.3 

9. 9 

2.3 

3 , 6 

0 . 9 

0. 5 

5. 0 

1.3 

I 

100. 0 
I 
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TABLE 39 

QUANTITATIVE ANALYSIS OF TWO FAECAL SAMPLES FOR THE 
PRESENCE OF COLIFORMS (MODIFIED f.'IEMBRANE FILTER TECHNIQUE) 

Sample Total Coliforms Presumptive Confirmed Confirmed 
No per gram E. coli I per E.coli I per Irregular II 

.Q"ram .Q"ram 12:ram 
: 

24 * 11,170,000 11,170 , 000 10 ,890 ,750 279,250 

25 ** 52 , 000 ,000 52,000,000 52,000,000 0 

* All 20 coliform colonies subcultured from the Total coliform 
membranes were E.coli I and of the 20 colonies from the 
Presumptive E.coli I membranes 19 were E.coli I and 1 was 
Irregular II . 

** All 10 coliform colonies subcultured from the Total coliform 
membranes were E. coli I and all 10 colonies from the Presumptive 
E. coli I membranes were E.coli I . 

TABLE 40/ •.•• 

per 



Totnl 
Son- Presuoptive Coli-
ple forns 
No Code MPN/100□1. 

I of saopl e 
I 1 554 1 , 609 

2 555 1,800+ 
3 555 1 , 800+ 
4 554 1,609 
5 554 1, 609 
6 554 1, 609 
7 553 918 
8 554 130 
9 551 348 

10 554 1 , 609 
11 330 17 
12 552 542 
13 552 542 
14 552 542 
15 510 33 
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TABLE 40 

TOTAL COLIFORM INDEX , PRESUMPTIVE E.COLI I INDEX AND ESTIMATED 

DIFFERENTIATED COLIFORM I NDEX OF SUEGROUP E AS DETERMI NED BY 

THE MPN METHOD 

I 

PresUTiptivo ConfirmGd Confirmed Confirmed Confirned 
E.col i I Eocol i I E.col i III a typical I r r egul ar II 

per 100 ml. per 100 ml. K. aerogenes per 100 ml. 
Code MP.N/lOOol. of scrnpl e of snmple per 100 ol . of snnpl e 

of saopl e of snrrnl e 

542 221 221 
543 278 278 
550 240 240 
551 348 139 
553 918 918 691 
542 221 221 
500 23 23 
520 49 49 
541 172 138 
554 1, 609 643 966 
400 13 13 
541 172 172 
552 542 542 813 
541 172 172 
510 33 33 

Confi r oed ConfirrJed Confirned 
Irregular IV I rregular VI I rregular VIII 
per 100 ml . per 100 Ill. per 100 ol. 
of saopl e of snopl e of snopl e 

209 

34 

370 
13 



Tota l Presumptive 

Sampl e 
coliforms 

No Code MPN/100 ml. 
of sampl e 

1 555 1, 800+ 
2 554 1, 609 
3 553 918 
4 552 542 
5 552 542 
6 554 1, 609 
7 553 918 
8 520 49 
9 440 34 

10 552 542 
11 521 70 
12 551 348 
13 550 240 
14 540 130 
15 000 0 
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TABLE 41 

TOTAL COLIFORl'I INDEX, PRESUMPTIVE E.COLI I nmEX AND 

DIFFERENTIATED COLIFORM I NDEX OF SUBGROUP 'E1 AS 

DETERMINED BY THE MPN METHOD 

Presumpt i ve Confirmed Confirmed Confirmed 
E.coli I E.coli I E. coli II K.aeroaenes 

per 100 ml . per 100 ml~ per 100 ml. 
Code IfiPH/100 ml , of samp l e of sampl e of sampl e 

of sampl e 

530 79 27 
530 79 79 
520 49 49 
540 221 221 
541 172 172 
431 33 33 
500 23 23 
420 22 22 
410 17 17 
540 130 130 
000 0 0 346 
511 46 46 465 
540 130 130 
410 17 17 

0 0 0 

Confirmed Confirmed 
I K. cloncne Irregular II 

-per 100 ml . per 100 ml . 
of sample of sample 

52 

175 



Tota l Presumptive Confirmed 
oolifor::ns E. coli I 

Sample Code lViPN/100 ml . 
por 100 ml. 

lfo of sample of sampl e 

1 555 1,800+ 900+ 
2 555 1 , 800+ 1,386+ 
3 555 1,800+ 1, 800+ 
4 555 1,800+ 1 , 080+ 
5 555 1, 800+ 1,029+ 
6 554 1, 609 873 
7 555 1 ,800+ 600+ 
8 554 1, 609 1 , 073 
Q 555 1 , 800+ 900+ 

10 554 1,609 6Llr4 
11 000 0 
13 555 1,800+ 1,080+ 
14 554 1 , 609 965 
15 310 11 7 
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TABLE 42 

TOTAL. COLIFORM INDEX AND ESTIMATED DIFFERENTL'\TED 

COLIFOill'! HIDEX OF SUBGROUP E2 AS .DETEPJHNED 

BY THE MPP METHOD 

Confi rmed Confi rmed Confi rmed Confi rmed 
E. coli II K. aerogencs I K. cloa cne Irregul a r II 
per 100 ml . per 100 ml . per 100 ml. per 100 ml. 
of sampl e of sample of s ample of snmpl e 

300+ 600+ 
514+ 

360+ 
257+ 257+ 
268 268 

600+ 

900+ 
644 321 

644 
4 

I 
I 

Confirmed Confirmed 
Irregula r V Irregul a r VI 
per 100 ml . per 100 ml . 
of s ampl e of sample 

360+ 
257+ 

600+ 
536 

720+ 
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4 . DISCUSSION 

Definition 

The term "coliform" is generally used as a collective name f or a 

group of lactose fermenting bacilli be longing to the Enterobacteriaceae 

(Thresh and Bea l e , 1925; Prescot t e t a l. 1946; McEwen , 1949; Windle 

Taylor , 1949, 1958; Ga lloway and Burgess , 1950; American Public Heal th 

Association et a l. 1955, 1960 ; Wilson and Miles , 1955, 1964; Grea t 

Britain Ministry of Health et a l. 1956; Gainey and Lord, 1956; Klei n , 

1957; Public Health Laboratory Service , 1957; Pelczar and Reid, 1958 ; 

World Health Organiza tion, 1958, 1S6J , 1963 ; Burrows , 1959, 1963; 

Cruickshank, 1960 , 1965; Smith and Conant , 1960 ; Sa lle , 1961; U.S. 

Department of Health e t a l. 1962; McKee and Wolf, 1963). Gainey and 

Lord (1956) defined this rather l arge group ns "ae robic and facultative 

anaerobic Gram-nega tive non- spo:re-forming bacilli which ferment lactose 

with gas f ormation" . They further point ed out tha t t he group consists of 

thirty three "species " and "variet i es ", without naming them. 

An a lmos t identical definition was given by Pelczar and Reid (1958) 

and American Public Hea lth Associa tion et a l. ( 1960), while va rious other 

authors , such as Cruickshank (1960) , expressed simila r views. 

Windle Taylor (1949, 1958) gave the f ollowing definition of the 

group : "The coli-aerogenes bacteria a r e Gram-negative , non-sporing , rod

shaped micro-organisms, capable of growing in the presence of bi l e-salt 

(i . e . 'bile-toler ant') and of fermenting glucose and l actose with the 

produc t ion of acid and gas . They are easily cultiva t ed , either aero-

bically or anaerobica lly •••• ". 

According t o Grea t Brita inMinistry of Hea lth et a l, (1956) coliform 

bacteria refer to "bacilli capable of producing acid and gas from l a ctose 

at 37°c. , within 48 hour s , and of growing aerobica lly on an agar medium 

conta ining bile salt". 

One of t he mor e vague definitions, quoted by Prescott et a l. (1946 ), 

is that of Breed and Nor ton of 1937 , .Yll• 11 ::! ll l actose fermenting aerobic 

bacteri a used as a measure of pollution of water". 

The World Health Organiza tion (1963) defined this group as including 

"al l aer obic and facultative anaer obic Gr am-negative non- spore-forming 

r ods capab l e of fermenting l a ctose with the production of a cid and gas 

a t 35 - 37°c . i n l ess than 48 hours" . This is mat eria lly identical t o the 

definition a ccepted by the World Hea lth Organization (1961) for Europe . 

For/ ••• 
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For the present study the following definition was adopted as a 

working hypothesis : Colifor ms are aerobic and facultative anaerobic 

non-sporing Gram-negative bacilli, capable of f er menting l actose with the 

production of acid nnd gas a t 37°c , within 48 hours, and of growing in the 

presence of a bile- salt and/ or certain dye(s) included in the appropria te 

lactose medium. 

Classifica tion 

In order t o facilitate any ecological study, attention should be 

given to the classifica tion of the relevant bacteria , The classification 

of the coliforms is still unsatisfactory (Windle Taylor, 1958; Burrows, 

1963) . The application of serological reactions has, so far, proved of no 

practical value in their differentiation. Consequently the biochemical 

char acteristics a lone have t o be used (Windle Taylor , 1958) . Fortunately 

the coliforms can be sorted into "groups" by such means, while E. coli 

can easily and distinctly be separated frorJ the rest (Windle Taylor, 1958; 

Burrows , 1963). 

The only mutua l biochemical characteristic of the coliforms is that 

they ferment l actose rapidly (vide 4.1) . It is a pparent tha t the mo re 

biochemical tests are employed, the more strains will be obtained for a 

specific species (Windle Taylor, 1958) . This is obvious from the 

historical review (vide supra, 1. 1) and can easily be seen by comparing 

the biochemical t ests shown in Tables 43 and 44 (vide infra) , It can 

further be demonstrated by comparing the biochemical classifica tion in 

Table 44 (vide infra ) with that of Stuart , Griffin et al , (1938), Stuart, 

Wheeler e t al . (1938) and Griffin and Stuart (1940) . These workers em

ployed cellobiose in addition t o the tests given in Table 44 (vide infra). 

By means of this they could □ore or less subdivide every strain, given 

in Table 44 (vide infra), into three substrains . ·However , these sub

divisions have, so far, proved of no practical va lue in the detection of 

faecal pollution of water, 

The background t o the tests given in Tables 43 t o 46 (vide infra) 

was discussed in 1.1, while the methods f or performing them were given 

in 2,4 , 

in 3,4, 
The symtols used in these Tables (vide infra) are as explained 

It will suffice to pay a ttention to four schemes by which col iforms 

can be classified . In the first instance the relatively simple classi-

ficati on , usually GmpJoyed by American investigators, is given in Table 

43 (vide infra). This Table was summarised from Stuart , Zimmerman, Baker 

and/ •.• 
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and Rustigian (1942); Prescott e t a l. (1946 ); Ga lloway and Burgess (1950); 

Pe lczar and Reid (1958); American Public Health Association et a l. (1960) 

and Burrows (1963). This s cheme was not empl oyed in the present study , 

TABLE 43 

AMERICAN COLIFORM CLflSSIFICATION ON THE BASIS OF BIOCHEMICAL REACTIONS 

Lactose Indo l e M.R. V. P, Citrate Name and variety of or ganism 
37°c. 48 

hours 

Escherichia coli, va riety I G + + - -
Escherichia coli, variety II G - + - -
Citrobacter freundii, variety + I G - + - -
Citrobacter freundii, variety 

II G + + - + 
Ae r obacter aer ogenes , variety + I G - + -
Aerobacter variety G + + aer ogenes, - - + 

II 

The second classification is tha t commonly used in Brita in (vide 

Table 44 ). Thi s classifica tion was deve l oped by Wilson and his co

workers in 1935 (Bar ds l ey , 1938, 1948 ; Tay l or, 1942, 1945, 1951; Ba tty

Smith , 1942 b; Windl e Taylor, 1958 ; Wilson .and Mi l es , 1964) , and was 

partia lly based on t hat used by Bar ds l ey (1926). Tabl e 44 (vide infra) 

is a compila tion from s chemes present ed by Bnr ds l ey (1938 , 1948); ~ayl or 

(1942 , 1945, 1951); Ba tty-Smith (1942 a , 1942 b); Great Britain Minist r y of 

Hea lth et a l. (1956); Windl e Taylor (1958); Cruickshank (1960) and Wilson 

and Miles (1964 ), 

This classificati on (Table 44 ) was used f or the present s tudy as it 

is clear-cut and authorita tive , although naturally there were a few 

a typical f or ms which could not be classified accor ding to thi s s cheme 

(vide infra , 4.5), This classification can be r egar ded as the classica l 

type of work, i. e . f our gr oups - kcherichia , Citrobacter, Klebsiella and 

Irregul ars (Bar ds l ey , 1938; Ba tty-Soith, 1942 a , 1942 b) . 

The third classifica tion was pr oposed in 1949 by the Sub-Committe on 

the classifica tion of the colifor ms of the Socie ty f or Applied Bacteriol ogy, 
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TABLE 44 
BRITISH CL.i\SSIFICATION OF THE COLIFORMS ACCORDING TO THEIR BIOCHEMICAL REACTIONS 

+:> +:> i::: t\O 
,-j ,-j . 0 i::: 

00 c:l 00 c:l 0 ·r-1 ·r-1 
cj 00 • c:l 010 +:> 00 u, 01 I 01 i::: 
t\O 0 t\O LC\ C) 01 +:> >, +:> f; •r-1 01 (]) >, 0 00 

Previous nnme and Present name and (])0 (!) • ;:s f; 01 c:l 01 ..c: ,-j >, ;:s i::: cj •r-1 f; 
'O ,-j c-- 01 'O ,-j tj- 01 'O ..c: (!) 'O C> •r-1 cj o'O 'O +:> ..c: 
i::: ·r-1 t<'I f; i::: •r-1 tj- f; 0 +:> +:> <X) +:>'d ·r-1 ·r-1 0 

type of orgo.nism type of orgo.nism cj ,0 ..c: cj ,0 ..c: f; tj- LC\ tj- ;:s ,-j +:> c-- ;:s "~ 
'O (!) ~ <X) 'O C>~<X) 

P< (\J . . tj- C) 'O (\J 
p:. • P-t . (!) i::: r;J 0 

•r-1 01 •n '<j- ·r-1 01 •ri <::!- C> . •O •O +:> ·n'H . f; 
C) 0 'O 0 0 'O ,-j 0 ~ o p.O c:l . +:> 0 P< . 

<!l +:> (l) <: +:> ('.) 00 0 0 f-10 c:l 0 0 
0 S C) s 'O c-- t<'I t<'I +-0 .-I 0 Cl) 0 
cj cj i::: t<'I •r-1 c-- (!) t<'I (\J c--

r-1 r-1 H 0 t<'I 0 l:q t<'I 

Bo.ct.coli type I E. coli type I + + + + - - - -
B.::i.ct.coli type II E!coli type II + - - + - - - -
Irregulo.r type I E.coli type III + - + + - - - -
Bnct. {Escherichio. )freundii Cit.freundii type I + - - + - + - + 
type I 
Bact. {Es cherichia }freundii Cit.freundii type II + - + + - + - + 
type II 
Bnct.nerogenes type I K. aerogenes type I + - - - + + - -
Bact.aerogencs type II K. nerogenes type II + - + - + + - -
Be.ct.cloacae K.clonco.o + - - - + + + -
Irregula r type II Irregular type II + + - + - - - -

· Irregular type III Irregular type III + - - + - - + + 
Irregula r type IV Irregula r type IV + - - + - + + -
Irregula r type V Irregular type V + - - - + - - -
Irregula r type VI Irrogulo.r typo VI + + - - + + - -
Irregulo.r type VII Irrcgulo. r type VII + - + - - + - -
Irregular type VIII Irregulo.r type VIII + - - - - - - -

' 
I 
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This has since been revised (Coli-aerogenes Sub-Committee , 1956) as shown 

in Table 45 (vide infra). It is evident tha t this classification is 

basica lly the same as that of Table 44 (vide supra) except that it a lso 

includes the rela ted pl ant pathogens (Erwinia) which grow at 30°c . 

The f ourth classifica tion is tha t of the American worker, Parr (1938) , 

Following an extensive study of the coliforms , he concluded that the classi

fication scheme, given in Table 46 (vide supra) was inadequate , Conse

quently he worked out a new scheme , which is shown in Table 46 (vide infra) , 

This was not employed in the present study. In f act, Parr's classification 

only tended t o be confusing and material ly produced no solution to the 

problem of taxonomy , Although constant watch was kept for Parr ' s newly 

different i ated bacteria , none was isolat ed (vide } , 5) , 

From a taxonomic point of view the definition (virle 4. 1) and the 

cl assification (vide supra, Table 44) a ccepted for the present study, 

suffer from the fact that no allowance has been made t o include 

(1) 

(2) 

the paracolon bacteria , i . e . the so-called Paracolobactrum 
genus (Breed , Murray and Smith , 1957) , 

the plant pathogens , viz , the Erwinia genus(~ Table 45), 
and 

(3) the causa tive agent of pneumonia , i . e . Klebsiella pneumoniae 
( vide infra ). 

An a rbitrary time l imit of 48 hours for fermenting l actose is not 

sufficient , from a t axonooic point of view , for separating the colifor□s 

from the rela t ed l a te l actose fermenting or even non- lactose fermenting 

strains (Prescott et al . 1946 ; MacPherson, 1950 ; Kauffmann , 1954; 

Coli-aerogenes Sub-Committee, 1956; Cowan , 1956 ; Breed et a l. 1957; 

Pelczar and Reid, 1958; Windle Taylor, 1958; Smith and Conant , 1960; 

Sal l e , 1961; Edwards and Ewing , 1962; Burrows , 1963 ; Wilson and Miles, 

1964) , These rela ted or ganisos should be included in the existing gener a 

and species of the coliform group , viz . Escheri chia coli, Citrobacter 

f r eundii and Kl ebsiella aerogenes- cloacae instead of in the so-called 

Par acolobactrum genus of Breed e t al . (1957) (Kauffmann, 1954; Cowan, 

1956 ; Edwards and Ewing , 1962; Burrows , 1963; Wilson and Miles , 1964) , 

Further reason f or the inclusion of the paracolons in the existing gener a 

was su~plied by workers who found tha t slow lactose fermenting bacteria 

could , through "training", acquire the ability to ferment l actose r api dly, 

whereaft er it was i mpossible t o distinguish between these new mutants and 
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TABLE 45 

THE RELATIOHSHIP OF DIF.Ii1ERENT CLASSIFICATIONS OF THE COLI-11.EROGENES GROUP 

Coliform Sub- Reactions 
Wils on e t al. Coli-a erogenes (1956) Sub- Cornmit'tee Committee (1949) (1935r-

Name Group Lactose In- M.R. V.P . Cit- Gel- Harne Scientif ic Descriptive Abbrevia tion 
37uc . 44uC. dole rate a tin name name 

Bacterium coli I a + + + + - - - Bacterium coli Es cherichia coli Escherichia coli E. coli I 
type I type I (indole-positive 

44°C. pos i tive) 

Bacterium coli I b + - + + - - - Irregula r I Es cherichia coli Es cherichia coli E. coli III 
0 (indole-pos itive t ype I 44 C.neg. coli-like I 

44°c. neg.) 

Bacterium coli IIa + - - + - - - Bacterium coli Escherichia coli Escherichi a coli E.coli II 
t ype II type II (indole- negative) 

Intermediate IIIa + - - + - + - I nt er medi a te Citrobacter Citrobacter Cit.freundii I 
t ype I type I freundii freundii 

Intermedia te IVa + - + + - + - Intermedia te Citrobacter Citrobacter Cit.freundii II 
t ype II type II freundii freundii 

(indole- pos itive) 

Bacterium aero- Va + - - - + + - Bacterium Klebsiclla Klebs iella K. aerogenes I 
!genes type I aero genes a erogenes aerogenes 

type I 

Ba cterium Vb + - - - + + + Bacterium Klebs i ella Klebsiella K.cloa cae 
cloaca e cloa ca e cloa cae cloaca e 

Bacterium Ve +** - - - + + + Erwinia ca roto- Erw.carotovorn 
carotovorum * .Y:2l:§. 

Bacterium VIn. + - + - + + - Bacterium Klebsiella Klebs iella K. aerogenes II 
aero.renes a ero genes aerogenes aerogenes 
type II type II (indole-pos itive) 

--· 
Irregular Cannot be named without fur ther investi gation; 
types II - a t present should be des cribe~ by use of suff ixes o 

I VII I 
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TA.:3LE 46 

PARR'S CLASSIFIC~TION OF COLIFORM TYPES, EMPLOYING FOUR 
TESTS, AND THE OCCURRENCE OF THESE 16 POSSIBLE TYPES AS 

DETERMINED DY VARIOUS WORKERS 

Name of Parr's Reactions Found by* Present Name Remarks 
or;mniso IMViC 

Coli I + + - - 2 - 9 E.coli I or III 
Coli II - + - - 3 - 9 E.coli II or 

Irregul ar II 
Coli III + - - - 0 atypical E.coli I 

Interraedia te I + + + - 5, 9 ? Existence doubtful 
II + + - + 3 - 9 Cit.freundii II Koser 1s classica l 

Intermediate II 
III - + - + 2 - 9 Cit.freundii I Koser's classical 

Intermediate I 
IV + - + - 0 ? Existence doubtful, 

not even found by 
Parr 

V - - - - 8 Irregul ar VIII 
VI + - - + 3, 4 ,8 Irregul a r VII 
VII - + + - 3,7, 9 ? Existence doubtful 
VIII + + + + 4 ,7, 9 ? Existence doubtful 
IX + - + + 2-4 ,6, K. aerogenes II 

8,9 
X - + + + 3, 4 ,7,9 ? Existence doubtful 

Aero genes I - - - + 3, 4 ,7 Atypical K. aero-
P,enes 

Aerogenes II - - + - 3,6-9 Irregul ar V 
Aero genes III - - + + 2 - 9 K. aero~enes I &nd/ 

orirregul a r VI 

* 0 Not f ound isol a ted up t o 1938. 
2 Minkewitsch 
3 Kline 
4 Ruchhoft et a l, 
5 Skinner and Drudnoy 
6 Bardsley 
7 Bigger 
8 Wilson et al. 
9 Parr 
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the ordinary r api d fermenting str ains by cultural and sero l ogica l cha~ac

teristics (Hitchner, Donogan and Alpert, 1938; Ziegler, 1939; Pa rr 

and Friedlander, 1942). The specifica tions f or drinking-water and water, 

however , specify an incubation time linit of 48 hour s (South African Bureau 

of Standards , 1951; Great Britain Ministry of Hea lth et al . 1956; Public 

Hea lth Laboratory Service , 1957; 

Health Association et a l. 1960; 

McKee and Wolf, 1963) . Because 

Windl e Taylor, 1958; American Public 

U.S. Depart□ent of Health et al . 1962; 

the pr esent study was undertaken with 

r eference t o the f aecal pollution of water and drinking-water, no attention 

wa s given t o the r e l a ted paracolons. 

Similarly the genus Erwinia should be included in the coliform group 

since one species , Erw. carot ovora, has the saoe biochemica l characteristics 

as Klebsiella cloacae (vide Table 45), This plant pathogen is of eco-

no□ic i mportance but has no i□portance in wa ter bacteriology. (With an 

incuba tion tenpera ture of 37°c, Erwinia could not be detec t ed .) Consequently 

no attention wa s pai d t o this genus in the present study, 

The l a st or gani shl· which was mentioned (vide supre), is Klebsiella 

pneu□oniae (Friedlander 's bacillus, Bacillus pneumoniae, Bacillus 

mucosus capsula tus, Bacterium friedlanderi, Bacterium pneumoniae crouposae, 

Encapsulatus pneu□oniae, Hyal ococcus pneu□oniae , Klebsiella crouposa) 

(Breed e t al . 1957; Smith and Conant, 1960; Burrows, 1963; Wilson and 

Mi l es, 1964). This bacillus, isolated by Friedl ander in 1882, is one of 

the ae tiol ogica l agent s of pneumonia, Although this pathogen is genera lly 

not r egarded a s a c o lifor□, it is closely related to Klebsiella aerogenes 

(C0li-ae r ogenes Sub-Comt1ittee , 1956; Breed et a l. 1957; Smith and Conant, 

1960; Burrows, 1963; Wilson and Miles , 1964) . Cabelli (1955) showed that 

K,pneumoniae coul d give rise t o lactose positive mutants, which could, 

biochemica lly, not be distinguished from K.aerogenes. Edwards and Fife 

(1955) and Edwards and Ewing (1962) de termined tha t it is impossibl~, both 

biochemi ca lly and serologica lly (capsule ser otyping) , to distinguish 

between K.pneumoni ae and K, aerogenes. Reviewing a ll the evidence, 

Kaufft1ann (1954), Edwards and Fife (1955), Coli-aerogenes Sub-Comr;iittee 

(1956), Cowan (1956), Edwards and Ewing (1962) , Burrows (1963) and Wilson 

and Miles (1964) regarded K,aerogenes and K, pneumonia e as the same species, 

preferring the l a tter name . In the present survey , however, K,aerogenes 

was still used, because of the long association of the "aerogenes" s pecies 

name in water bacteriol ogy (Coli-aerogene s Sub-C oi;u;:iittee, 1956). 

4,3 Nomenclature/ ••• 
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4.3 Nomenclature 

In the course of tine the generic and the specific names of the main 

groups of coliforms have undergone several changes . Breed et a l. (1957) 

gave the following sumIJary of Escherichia coli (Migula) Castellani and 

Chalmers Bacterium coli cor:1L1une of Escherich was changed t o Bacillus 

escherichii - Trevisan in 1889; Bacillus coli - Migula in 1895; 

Bacteriuo coli - Lehmann and Neumann in 1896; Escherichia coli - Castellani 

and Chalmers in 1919. 

recently. 

The nane Bacterium coli was , however, used until 

Klebsiella aerogenes (Kruse) Trevisan was originally described as 

Bacterium lactis aerogenes by Escherich in 1885 and was altered to 

Bacillus aerogenes - Kruse in 1896; Bacterium aerogenes - Chester in 

1897, and Aerobacter aerogenes - Beijerinck in 1900 (Breed et al. 1957), 

The name Bacterj 1m aerogenes was used until recently by British authors, 

e . g . Wilson and Miles (1955), while American workers preferred Aerobacter 

aerogenes , e . g . Breed e t al. (1957). As des cribed previously, the name 

K.aerogenes came into use recently (vide supra, 4 , 2). 

Another coliform, Klebsiella cloacae (Jordan) Trevisan, Jordan's 

Bacillus cloacae of 1890 , was changed to Bacterium cloacae - Lehmann and 

Neumann in 1896; Bacillus cloacae - Jordan (1903), and Aerobacter cloacae 

Bergey and co-workers in 1923 (Br eed et al , 1957) . Here again , until 

recently, the name Bacteriun cloacae was used in Britain (e . g . Wilson and 

Miles, 1955) , while Aerobacier cloacae was used in America (e.g . Breed 

et al. 1957). Kauffr:1ann (1954 ) and others even preferred the name Cloaca 

cloacae (Jordan ) Custellani and Chalmers for this bacillus, Furthermore , 

French authors used the name Enterobacter cloacae (Jordan ) Hormaeche and 

Edwards (Leclerc~ 1961). This name was l dter a lso suggested by the 

International Bulletin of Bacteriologica l Nomenclature and Taxonomy (1963). 

The Intermediates, Citrobacter freundii (Braak) Werkman and Gillen, 

discovered by Koser (1923, 1924) were named Bacterium freundii - Braak 

in 1928; Citrobacter freundii - Werkman and Gillen in 1932, and 

Escherichia freundii - Ya l e in 1939 (Breed et al . 1957). Although 

Kauffmann (1954) and Breed et al. (1957) accepted the latter name, mnny 

other workers were reluctant t o do so (Windle Taylor, 1949; Wilson and Mi l es , 

1955; Coli-aerogenes Sub-Coomittee , 1956; Grea t Britain Minist ry of Health 

et al. 1956), Consequently the name Bacterium freundii Brank was used 

until r ecently (Windle Taylor, 1949 ; Wilson and Miles , 1955; Great 

Britain Ministry of Hea lth et a l, 1956). It was felt, however, that 

the/ ••• 
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the nomencla ture of Citrobacter fr eundii (Drank) Werkman and Gillen 

should be the one of choice (Coli-aerogenes Sub-Cor:u:;iittee, 1956; Windle 

Taylor, 1958; Durrows, 1959, 1963; Edwa rds and Ewing, 1962; Wilson and 

Miles , 1964; Cruickshank, 1965). 

I n t he present study the f ollowing generic and specific names were 

used for the coliforus : $scperichia coli, Citrobacter freundii, 

Klebsiella aerQgenes and Klebsie lla cloacae, while the Irregul ars were 

differentiated by us i ng Ro□an numerals, e,e. Irregular II, III>etc. 

The literature a lso revea ls a confusing gener a l terminology for 

describing t he coJ.iforms in water bacterio logy . The "coli-ae r ogenes group" 

refe r s t o the c o lifor□ bacteria (Windle Taylor, 1949 , 1958; Great 3ritain 

Ministry of Hea lth et a_l, 1956; Public Hea lth Laboratory Service, 1957; 

Coetzee, 1962 b) c The subject is complica ted because sone authors use 

names , such as r ::: c~~-:i r:i.chia coli, E.coli, Dncterium coli, Dact.coli, 

Bacillus coli or 11:._coli t o refer t o the whole coliform gr oup (Great Britain 

Ministry of Health e t al. 1956; Windle Taylor, 1958; Coetzee , 1962 b) . 

While n.tY£j.c11J. Dact.coli" i s synonyoous with "typical E. coli", i.e. 

E. coli I , "a typica l Bnct.coli" or "atypicn l E. coli" refers t o the rest 

of the coliforus , sooetL.:.es known as the "interoediate- aerogenes-cloacae" or 
11 I.A.C. 11 group. The t en , "faeca l coli" or "faeca l E. coli" or "faecal 

Bact,coli " i s used as a synony□ f or "typica l E. coli" or "typical Dact,coli". 

"Faecal coli" or "faeca l E. coli" i s often µsed t o stress the i□portance 

of E.coli :i;_ , but the r es t of the coliforr.1S cannot be described as "non-

faecal coli II or ''non-faeca l E.coli" . The same applies t o "typical faecal 

bacilli 11 (Grea t Britain Ministry of Hea lth et al . 1956; Public Health 

Laboratory Service , 1957; Windl e Taylor , 1958 ; Coetzee , 1962b) . Cruickshank 

(1960) used the terns "typica l coliform bacilli" for E. coli I, and "atypica l 

coliforra bacilli 11 for the r es t of the coliforras . 

In addition Gainey and Lord (1956 ) eopl oyed the terms "colon bacilli" , 

"D.coli group" and "col on eroup" a.;; synonyras for coliforras. They 

further r:io r e used the t er ms " grain"or "non-fecal" and "fecal types" to 

differenti&te b~tween K.ae r ogenes and E.coli. 

In the pr esent study these terms have , as far as possible, been 

avoi ded. The ter□s "colifor os", "colifor ru er oup" or "cc lifor□ bacteria " 

were used as defined previously (vide 4, 1) . The names Gf the va rious 

colifor w strains , or their abbreviations , ns given in Tables 44 and 45 

(vide 4.2), were used rather than so□e of the terms atta ched to them. 

When/ .•• 
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When the terms "typical" and "atypical" were e□ployed they invariably 

referred t o strains which showed a biochemical digression . 

Direct plating versus enrich□ent 

In studying the faecal coliform flora, four methods may usually be 

employed : 

di r ect pla ting , 
enrichment of speci□ens in one of the lactose media 

or in a citrate □ediu□ , 
pour- plate method, and 
membr ane filtration technique. 

Parr (1938) concluded "tha t direct plating is the most accurate me thod 

for deteruining the actual flora present. The various c o lifor□ bacteria 

have different □etabolic demands and responses. It is i uprobable that any 

enrichoent method yields an entirely accura te picture of the oaterial en

riched". Some workers, such as Dardsley (1926, 1934, 1938, 1948) and 

Malcolm (1938) employed enrichment of t he specimens, but Durke-Gaffney (1932) 

comr::tented : "On the one hand, the use of liquid media in the initia l stages 

tends to encourage the overgr owth of D. aer oRenes at the expense of D.coli, •• " 

The third and fourth me thods have been referred to in 2.1 and the fourth 

was discussed in 2,6, 

Accordingly, all f aecal s pecimens were pla t ed directly during the 

present study. 

Distribution and occurrence of coliforms in faeces as revea led by the 
present study 

The distribution of coliforms in subgroup A is given in Table 2 

(vide 3,5), Two atypical E. coli I strains were isolated in this 

subgroup. With the usual routine methods employed in water analysis, 

i.e . 37°c. and 44°c . incubation in MacConkey broth and the subsequent 

confirmation of the positive 44°c, cultures in Tryptone water (Windle 

Taylor, 1955, 1958; Department of Water Affa irs, Republic of South 

Africa , 1962; Wilson and Miles , 1964; Windle Taylor and Durman, 1964; 

Cruickshank , 1965) the E.coli I H2S + strain and the atypical 

E.coli I strain would have been classified as typical E.coli I strains. 

Consequently these a typica l strains might be e rouped together with the 

typical E.coli I strains, resulting in the occurrence of E.coli I and 

Irregular II/ ••• 
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Irregul a r II s trai ns only(~ 3.5, Tab l e 3). 

E. col i I was t he pr edominant s tra i n i n the f owl gr oup (vide 3. 5 , 

Tab l es 1 t o 7). It should be stressed tha t t hi s or ganism was absent 

from onl y one sampl e , i n which Irregul a r II occurred (vide 3.5, Tabl es 

1 to 7) . 

Al though a f ew diffe r ent colifor m s trai ns wer e i so l a t ed from sheep 

(vi de 3. 5, Tabl es 8 t o 12) and from ca ttle (vide 3.5, Tab l es 13 to 17) 

E. coli I was ngain t he pr eponder ant s train. It should be pointed out 

tha t the one sampl e of subgr oup n1 , from which E.coli I was absent, 

contai ned Irregul a r II, Cons equently it i s obvious tha t E.coli I, was 

t he pr edomi nant s trai n i n t he anima l gr oups (vide 3.5, Tab l es 6,7,12 , 17 

and 29 ), and when absent Irregul a r II was present. Cit.freundii, 

K,cloacae and Irregul a r III t o VIII wer e never i sola ted (vide 3.5, 

Tables 6 9 7, 22 , 17 and 29 ; a l so vide 4 .2, Tab l e 44 ), 

It was i mpossi bl e t o ob t ain 25 sampl es f or each of subgr oupsD and 

D2 (vi de 2.1). Neverthel ess , subgroup D (vide 3.5, Tables 18 t o 20) 

and subgr oup D2 (vi de 3.5, Tab l es 23 and 24) yielded a grea t er variety of 

colifo r m s trains t han t he ani r;m l subgroups(vide 3.5, To_bles 6,7,12, 17 

and 29 ) . E.coli I, however, wa s the predominant s train i n both t hese 

subgroups . Cit.freundii, K, aer ogenes II, K,cloacae , Irregul a r III, 

Irregul a r VI I and Irregul a r VIII were not i s ola t ed from subgr oup D 

(vide 4 , 2 , Tabl e 44 ), but t he occurrenc e of E.coli III, K. aerogenes I 

and I r r egul a r VI was s triking . In the two specimens of this subgr oup 

f r om which E. coli I was absent, ni xed gr owths of E.coli II and Irregul ar 

II and of K,aerogenes I, Irregul ar V and Irregul a r VI occurred (ill§. 3,5, 

Tab l es 19 and 20) . The occurrence of E.col i III was s triking in sub

gr oup D2 and t hi s or gani sm was a lso i sol a t ed f r om t he two specimens 

which yi e l ded no E. coli I strains. E.coli II, Cit.freundii, K, aerogenes II, 

K.cloaca~ , Irregul a r III t o V, Irregul a r VII and Irregul a r VIII however, 

wer e no t r ecovered fro□ thi s subgr oup (vide 3,5, Tab les 19 and 20; a l so 

vide 4 . 2 , Tabl e 44 ) . 

When compar ed with subgr oup D1 (vide 3.5, Tab l e 21 and -22), a 
2 

consi derabl e number of E.coli III s trains was i sola t ed from D and D. 

It thus appear s as if these r esults sugges t tha t E.coli III mi ght have 

Dantu and I ndi ans as t heir na tura l habita t. 

1 Only t he firs t 25 s pecimens of subgr oup D wer e used f or the gener a l 

survey (vi de 3 . 5, Table 21). E.coli I was agai n the pr eponder ant s train 

and was r ecover ed from a ll saopl es (vide 3.5, Tab l e 22). The par a colon

like or gani sm wa s i ncluded as an E.coli III strain (vide 3.5, Tabl e 21, 

Sampl e No 20)./ • .• 
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Sa□ple No 20). This , however, illustra tes the superfluity of placing 

a slow lactose fer□enting bacterium in a different genus (ill2, 4,2). 

The 26th specimen of subgroup D1 was included merely out of interest 

(vide 3.5 , Table 21), since this phenomenon could not be studied in 

de t ail during thi s survey . This speci□en came from an apparently healthy 

"patient" who was being trea t ed with penicillin, adrainist ered orally, 

Only a few colifor m colonies were recovered, all of which were K,aerogenes I, 

Unfortunately no further specimens coul d be obtained from this "patient" 

t o study the succession of coliform flora during antibiotic therapy. It 

is, however, well known that antibiotics eliminate E.coli from the 

intestine, while some other coliforms can still persist (Windle Taylor, 

1958; Durrows, 1963). In all the other samples from which E.coli I 
wus not r ecovered , it was impossible t o de termine whether antibiotic 

treatment had been given previously (vide especially 3,5, Table 18, 

Sample Nos 5 and 12). 

The distribution of coliform strains in human faeces (ill2, 3,5, 

Tables 25 , 26 and 29) thus showed a wider range than in that of fowls 

(vide 3.5, Tables 5 and 6) , sheep (vide 3,5, Table 12) and cattle (.Y,ili 

3,5, Table 17), The occurrence of K.aerogenes I and Irregular VI in 

hUL1an faeces (vide 3,5, Table 29), was strikin-ewhen compared with 

Irregul ar II, but t his might be ascribed to several reasons, It is well 

known that human f ood is usua lly suitable for bacterial growth, especially 

f or many coliform strains (Pelczar and Reid , 1958; Durrows, 1963; Wilson 

and Mi les, 1964). Furthermore , it is known tha t bacteria require moisture 

f or gr owth (Pe lczar and Reid , 1958; Burrows, 1963; Wilson and Miles, 

1964 ; Cruickshank , 1965). When co□paring human f ood with that of animals 

(vide 2.1), it can genera lly be seen tha t the human food contains more 

noisture, thus r esulting in the preva lence of more coliform strains. Conse

quently the higher incidence of coliforms, other than E.coli, in human 

f ae ces appears t o confirm the assumption tha t they are "organisms of passage" 

(Dardsley, 1948) or 11 adventitious 11 (Griffin and Stuart, 1940), due to the 

f act that hu□an f ood initially may contain a larger variety of coliforms 

than animal food. 

The final classifica tion of the 1,101 purified strains is shown in 

Table 29. Tables 2,3,5,6,7,9,ll,12,14 ,16,17,19,20,22 and 24 to 28 give 

an accura te picture of the percentage occurrence of c o lifor□s in the 

samples . A true picture of the distribution of coliform strains in f aeces, 

expressed in terms of percentage of the tota l coliform flora cannot, however, 

be/ ••• 
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be derived from these Tabl es . It is t o s ome ex t ent bi ased , viz . they 

t end t o over - emphasise the str a ins which occur r arely , while the pr edom

inant E. coli I strain i s under-e□phasised . The r eason f or thi s i s• that 

every col ony which differ ed from E. coli I was subcultured , while only 
_.,,, 

a f ew of the E. coli I col onies wer e trea t ed s inilarly. This can be 

illus tra t ed by consi dering one exaopl e . In subgr oup D (vide 3 . 5, Table 

19), 76 s trai ns of E. coli I were s tudi ed , c o□pri sing 68 . 47% of the total 

of 111 , while K. a er o~enes I compri ses 10 . 81%. In t hi s case , however , 

only 12 K. aer o~enes I s trains could be isol a t ed , while 760 E. coli I 

strains coul d easi ly be i so l a t ed . Consequent ly the percentaee distribution 

would then have r efl ected a ~or e exact picture than it actua lly does . From 

a pr actical point of vi ew, however, the nu□ber of the preponder 2nt str a in 

inves tiga t ed had t o be li□ited t o such an extent as t o bring them within 

the limits of r easonabl e handling . 

Tab l e 39 (vide 3 .5) shows the r esults of the quantitative ana lys i s of 

the l as t two faeca l specimens of subgr oup D1 • Irregul a r II was i so l a ted 

from Sampl e No 24 , while a ll the colifor ms isol a t ed from Sample No 25 were 

E.coli I . Dy means of qua lita tive □e thods no Irregul a r II could be 

r ecovered (vide 3 . 5, Tabl e 21) . Prescott e t a l , (1946 ) quoted fi gures of 

92 ,800 ,000 co lifor□s, of which o. t l eas t 200 , 000 strains were Kl ebsiella 

or Citrobac t er types , pe r gr am human f aeces . Empl oying the membr ane 

filt e r t echnique Dr oderick and Loughlin (1963 ) , Ge l dreich , Do r dner, Huff, 

Cla r k and Kab l er (1962 ) f ound E. coli I t o be the pr edominant stra i n in 

ani□al f aeces . Unfortuna t e ly mo r e quantita tive da t a a r e r equired before 

any conclusions can be dr awn as t o the quantita tive di s tribution of 

colifor ms in f aeces . 

4 . 6 Distribution and occurrence of coliforms i n w~ter examined 

The object was to es t ablish whether E. coli I could be found in the 

wate r , a lthough t he presence of all other coliforms was carefully tested 

for . 

The presence of E.coli I in every sample of s ubgroup E2 (vide 3 . 5 , 

Tab l es 30 and 31) could poss ibly be a ccounted for by f a eca l mat eria l 

having been wo.shed into the river , s ince sampling was done during a r ainy 

period (Pres cott et a l . 1946; Grea t Brita in Ministry of Health ct al . 

1956 ; Windle Taylor , 1958 ; Wilson ~md Miles , 1964) . Furthermore , 

since animci ls and humcm beings had a ccess to oost parts of the river 

and the surrounding area, the possibility of direct faecal pollution 

cannot/ ••• 
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cannot be excluded . An estimate of the levels of the coliforms isolated 

was given in Table 40 (vide 3 . 5) . 

Five different strains were recovered from subgroup E1 (vide 3 , 5 , 

Tables 32 and 33) , Only one sample did not contain any coliforms , i . e ., 

water from a spring (vide 2 , 1 and 3 , 5 , Table 32). Attent ion should be 

drawn to the occurrence of K.cloacae , as thi s organism was never isolated 

from faeces . During the present survey unseasonal r ains occurred which 

could wash f aeca l mat eria l into the river from the l and surface (Pre s cott 

et al . 1946; Great Britain Minis try of Heal th et a l . 1956 ; Windle Taylor , 

1958 ; Wilson and Mi l es , 1964), while direct pollution from man and animals 

could a lso have taken place . Consequently E,coli I was r ecovered from 

thirteen of the sampling points . The estimated levels of the coliforms 

recovered , were given in Table 35 (vide 3 , 5) . 

Extensive plating, at l eas t 5 plates per sample , was performed in 
2 examining subgroup E . These sampl es were collected dur ing a dry period. 

The r esult was that sampling point No 12 (vide 2, 1) was dry and in 

general the flow of the r iver was much l ower t han during the collection of 

sampl es in the previous two subgroups . Therefore f aeca l pollution could 

only have taken place directly from man and animals and from effluents , 

e . g . sewage works (vide 2. 1) , E.coli I was again the predominant 

st r ain , while a great variety of other coliforms was a l so isola ted (vide 

3 . 5 , Tables 34 to 35) . During this survey the incidence of K, aerogenes I 

was striking . 

survey to dilute 

(vide supra) . 

It should be kept in mind tha t no rain f ell during this 

the river or to wash in fae cal material from outside 

Gray (1932) found a r apid increase of K, aerogenes in stored 

waters and the increase of K. aerogenes I 
to 

during this survey appearsAsuggest 

tha t the same might have occurred during the dry period (vide a lso 

3,5 , Table 42) . In general it appear s as if the leve l s of coliforms 

were higher during thi s survey , 

From the results on the river water (vide 3 . 5, Tables 37 and 38) it 

appears that a greater va riety of coliforms was isolated than from faeces 

(vide 3 . 5, Tables 27 to 29) . 

In Tables 40 to 42 (vide 3 , 5) the estimated quantitative distribution 

of the coliforms in the three subgroups was given . This was estimated 

from the MPN results and should not be regarded as definite figures , By 

means of this, however , some idea can be obtained as to the levels at which 

coliforms occurred in the water samples . In many samples ( vide 3. 5., 

Tables 40 and 41 ) the Total presumptive coliform index was higher than the 

Presumptive/ • • • 
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Presunptive E.coli I i ndex , but i t was i oposs ible t 0 denonst r nte the 

pr esence of ot her colifo r ns i n subsequent pl nt i ne . Thi s night bo duo 

t o tho i nher ent i nnccuro.cy of t he MPN ne t hod (Bc.rds l ey , 1934 , 1938 , 1948 ; 

Allen , Pns l ey and Pi erce , 1952 n ; Honther, 1952 ) . I t was ntt eoptod t o 

overcooe thi s probl en i n tho third s ubgr oup by esti nnti ng the coli f oro 

l evel s froo the Tot a l pr esunptivo coliforo i ndex onl y , o.ftor subsequent 

pl nti ne of the positive cultures (vido 3 . 5, To.ble 42) . It w~s , however, 

s till unsuccessful . 

Stati s tica l ana l ys i s 

Biologi sts of t en a t tempt to ana l yse their data s t ati stically i n orde r 

t o gi ve mo r e wei ght to thei r fi ndings , Such stati stics a r e of t r emendous 

va l ue t o the biologica l sci ences , f or as Si ege l (1956 ) sa i d "Statistics 

pr ovi des t oo l s which formalize and standar diz e our procedures fo r dr awing 

conclusi ons . " Further mo r e , Di xon and Massey (1951) have sta ted tha t 

stati stics can be seen "c: s the s cience of experimentati on . " 

Dixon aod Massey (1951) pointed out that it i s oft en erroneous l y mai n

t a i ned t ha t "You can pr ove anything with s t a ti s tic s • " Such a fa l se con

clusi on is usually based on a negl ect of certai n requirements t hat experi

ment a l da t a mus t fulfil bef or e a stati s tica l ana lys i s can be va lidl y applieQ, 

As i ndica t ed , t he pr esent s t udy could not be pl anned stati stically (vi de 2 . 1) , 

Thi s i s a majo r dr awback fo r applyinf s t ati st ice l ana l ysi s . I t was fur ther 

expl a i ned t ha t , f or t he most part , quantita tive analys i s of sampl es coul d not 

be undertaken (vi de 2. 1, 2 . 4 and 2. 6) , For t hese r easons it was a t tempted t c 

utili se at l eas t 20 f ae ca l specioens of each subgr oup. (As a rule 25 speci oe1.1 

wer e eopl oyed ; it was , however , i mpossibl e t o obt a i n 25 specimens f r om sub

gr oups D and D2 (vide 2 . 1 and 3 , 5) . ) Although Si ege l (1956 ) i ndi cated t ha t 

nonpar ame tric t ests a r e usef ul t o t he r esearche r who has to wo r k with a 

soal l nu~be r of sampl es , it was fe l t tha t thi s was not r e l evant to the 

pr esent study (vi de i nfr a ) . 

Nor oally stati stica l t es t s r equire quantita tive da t a so as : to obt ain 

means , medians , s t andar d devi a tions , etc . (Dixon and Massey , 1951, Siegel, 

1956) , t o apply correl a tional oe t hods , e . g . Pear son and Fi sher t ests (Di xon 

and Massey , 1951; Si ege l , 1956) , t o wo r k out s i gnificance l eve l s , e . g . by 

appl ying the ~ull hypothesi s or t he r esearch hypo t hesi s (S i egel,1956) or t o 

wor k out sampling dis tribution , etc . (Si ege l , 1956 }. 

As t he pr esent s t udy had t o empl oy qua lita tive me t hods onl y , i t s nature 

was clearly of such a ki nd t ha t the s t a ti s tica l t es t s menti oned (vide supra) , 

coul d no t be applied (Ca litz , 1966 ) . 
Neverthe l ess , a lthough t he pr esent s tudy could not be int er pr eted s t at-

isti ca lly , it pr ovi des r esult s which a r e needed i n the fi eld of public 

heal th i n South Africa . 
4 . 8/ ••• 
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Difficulties in conparing the results with enrlier work 

Becnuse of the "revolution" which bio'cheoic1:. l t echniques , for the 

i dentificntion of the coliforos , have undergone (vide 1. 1) nnd the 

incre,2sed knowledge gained of the to.xonooy of these orgo.nisns (vide 4 . 2) 

it is often difficult to compare recent results with earlier findings . 

Thresh and Beale (1925 ) summarised this problem as follows : "Unfortunately, 

much that has been written with reference to the presence of the Bacillus 

.£211 in water has no importance , since observers so often failed to 

describe the processes they employed, and the char acteristics of the 

bacterium which they have regarded as the Bacillus coli . In other cases 

the descriptiomgiven show, beyond doubt , tha t mor e than one organism ho.s 

been regarded as t he Bacillus coli" . 

This problem can bes t be illustra ted by the following example . An 

important question which ho.s o.lwo.ys been o.sked (and is still unsolved) , is 

Are coliforms able to grow o.nd multiply in wctor or anywher e outside the 

intestine o.nd which strains , i f nny , will be able to do so? According to 

Bigger (1937) the first "marked" o.nd "unques tionable " indico.tion of the 

"multiplication of coliform bacilli in wnter" wo.s found by Savo.go and Wood 

in 1917-18. This wo.s further investigo. t ed by Bigger (1937) . He found tho. t 

some stro.ins of "coliform bo.cilli , when inoculo. t od into r aw water which wo.s 

kept o.t a ir tompero. ture , showed evidence of multiplico.tion , but the in-

creo.ses r ecorded were not striking. In two experiments in which boiled , 

filtered and s terilised t o.p wo.ter wo.s used as culture medium, very striki ng 

increases in the numbers of coliform bo.cilli were obtained" . Bigger furthor 

indica ted tho. t "The bo.cillus used in the mo.jority of the experiments i s 

c,21led 'E'. It i s o. coliform bo.cillus , isolated from humo.n f o.eces . Its 

cho.r ccteristics o.re given in full •••• , but here it mo.y be sto.ted tho.tit 

differs from n typico. l Bo.c t . coli only i n being non- motile o.nd in failing to 

ferment dulcitol" . 

He gave the biochomico. l r eactions of "bo.cillus E" o.nd of 8 other coli

forms (Nos 4 , 6 , 14 , 17,19 , 88,97 o.nd NC 744) i so l o. t od fron humo.n f o.eces o.nd 

urine, which were o.ble t o grow in o.utoclo.ved Vo.rtry wo.ter . He concluded 

tho.t "Any o. tterapt t o o. lloco. te t o these bo.cilli specific no.nes is , in the 

present state of our knowledge , r a ther o. wnste of tine . It ony be reno.rked , 

however, tho. t No. 6 o.ppeo.r s t c be o. typico. l Bo.ct . coli. No typical~

bo.cter o.er ogenes i s present nlthough n nuober were tes ted , but No.4 night 

be clo.ssed o.s en o. typico. l Aerobo.cter o.erogenes . E, 19 o.nd NC 744 , owing 

t o t heir f a ilure to fer oont dulcitol , oo.y be r ego.rded ns a typical Bo.ct .coli . 

The rest a r e inter oedi o. tes " . 

It should/ .•. 
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It should be noted tho. t the nnjority of Bigger 's experinents were 

carried out by using l abora tory cultures . Nn turnlly labora tory cultures 

differ fron bacteri a occurring in their natura l habita t . Adnittedly , he 

a lso tested this phenonenon with cultures freshly isola ted fron f aeces , 

but "bacillus E", which wns nost ly employed, was .2 l o.boratory culture . 

Furthernor e , he po.id very little attention to natura l waters . 

He followed the classifica tion of coliforns on the basis of tho. t of 

Ma cConkey (1909) (vide 1.1) but it appears as if he a l so ni ngled this with 

tha t of Parr (1936 b , 1938), (vide 4. 2) i n r ef erring to sone types of 

"internediates" . 

Bigger ' s work suffers no.inly froo tho f act that ho i gnored tho classi

fication i ntroduced by Bardsley i n 1926 (vide 1. 1). That class ifica tion , 

o.s l ater inproved (vide 1. 1 and 4 . 2) , was no.inly for use in wa t er bacterio

logy . It is t her efore difficult t o dec i de whether hi s E.coli strai ns , i. e . 

E, Nos 6 ,19 and NC 744 were E. coli I or III . Furthor nore , his atypical 

Aerobactor nerogenes suggested a nixed gr owth (vi de 3 . 3 and 4.2) , while 

sone of his so-called "interoediates " could eas ily have been E.coli strai ns . 

The wor k of Bi gger was f ollowed by nor e extensive i nvest iga tions , ID• 
Bi gger nnd Nelson (1941 , 1943 ) and Nelson (1942 ) (~ 1.2). In these 

studies "bacillus E" wo. s nostl y used . Although o.11 this l ed too better 

knowledge of gener a l bo.cterial physiology o.nd oetabolisn , nothing regard

ing the possible nultiplication of coliforns i n no.turo. l waters was proved , 

because nultiplico. tion wo.s found t o t ake place in "boiled , f iltered o.nd 

sterilised t o.p wo.ter". The possibility that such types of waters nay 

occur i n Na ture , i s questi onable . 

Conparison with previous work 

Notwithstandi ng the difficulties in connection with conpo.ring tho 

present r esults with previous work (vido 4 . 8) , sooe conpo.rison is 

possible . I n t he co□prehensive inves tiga tion of Mo.cConkey (1909) the 

citrate test and the 44°c . test(~ 1. 1) had not yet been devi sed . 

Windle Taylor (1958), however , r earranged t hese do.to. ca r efully t o obtain 

the vo.rious colifor□ bacteria i sol ated . Conpo.ring MacConkey ' s do.to. (as 

revi sed by Wi ndle Taylor) with the present study (vide 3 . 5, Tables 29 

and 38) To.ble 47 i s obtained . 

TABLE 47/ ••• 
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TABLE 47 

CO"f.1PARISON OF COLIFORM STRAINS ISOLATED 
FROM VnRIOUS SOURCES 

Hunc.n f ::.i. eces nni□o. l f aeces Wc.ter -
Mo.cConkey Present Mo.cConkey Present MacConkey Present 

Strains isobted (1909) study (1909) study (1909) study 
% of % of % of % of % of % of 

s trnins stra ins strains stra.ins strc.ins strains 

E.coli I 89 . 9 84 . 56 94 . 2 96 . 51 22 . 4 74,7 
E.coli II 2. 2 3.67 0 3. 12 4. 1 5,4 
Ci t .freundii I 1.1 0. 37 o. 6 o.oo 2.0 o.o 
Cit.freundii II o. 6 o.oo 0 o.oo 8. 2 0,0 
K. a.er ogenes I 5.1 6. 25 1,3 0.24 4.1 9.9 
K. aer og:enes II 1.1 0. 73 0 0. 13 0 o.o 
K. cloo.cc.e o.o o. oo 3. 9 o. oo 59 . 2 2.3 
Other colifor r:1s o.o 4.42 0 o. oo 0 7,7 

For this conparison the dQtn of the present s tudy were grouped t ogether 

as for E,coli I nnd E,coli III, and E.coli II nnd Irregul ar II, as it was 

i oposs ible for Ma.cConkey to differentiate between these or ganisos . Judged 

on the percentage of the E. coli I s trnins , the water exa.oinod in the present 
~VC. 

study appears toib➔ubjected to oor e f aecal pollution than that which 

MncConkey exaoined . There is a gener nl ngrecoent between the results of the 

two studi es , except tha t Cit . freundii was isol a t ed only once during the 

present study , viz. froo hunan faeces . Furtheroore K,cloacae was never 

i sol ated froo faeces in the present study , while its occurrence in water 

was r ar e when coopared with the do. ta. of MacConkey , in whose investi gcLtion 

it was t he nost prevalent str o.i n . 

In sane of the f ollowing coop~risons strains of the sane species , 

isola ted during the present investi g~tion , had t o be gr ouped together , 

in order to have conpnro.ble da t a , e . g . sooeti oes authors r epor t ed E.coli 

i ns t ead of its three stre i ns , while in the present s tudy all the coliforos 

were differ ent i a t ed into their various str o. i ns (vide supra , a lso .Y.i.££ 4. 2, 
Table 44) . 

When he di scovered Citrobo.cter freundii , Koser (1924) a l so analysed 

31 hunan and 88 anioo.l fo.ec 2l spocioens . It was i oposs i bl e f or hio t o 

differentiate colifor n species i nto s tra ins , ns the indol e test was not 

eoployed . Neverthe l ess o. coopo. rison can be nude (vide Table 48) . 

TnBLE 48/ ••• 
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TABLE 48 

COMPARISON OF COLIFORM STRAI NS ISOLATED 
FROM FAECES 

Huno.n f aeces Anino.1 f aeces 

Koser (1924) Present Koser (1924) Present 
Strc ins i solated study study 

~; of strains % of % of strcins % of 
. stro.ins strains 

E. col;_ 96.8 88 . 23 86 . 4 99.6 
Cit.freundii o.o 0.37 10.2 o.o 
K. ::ierogenes 3 . 2 6. 98 3. 4 0. 4 
Other coliforns o.o 4 . 42 o.o o.o 

Total 100 . 0 100.00 100.0 i 100.0 

At tho tine when Koser di d his o.no.lysis the present classification of 

colifor ns (,ll9.Q 4 . 2, Table 44 ) wo.s not yet worked out. A siri.king diff-

erence is the absence of Cit.freundii in the o.ni Qal f o.ocos of the present 

study. 

Particularly interestine is the work done in tho tropics (Indio.) by 

Ro.gho.vo.chari in 1926, o.s cited by Bardsley (1934 ). Unfortunately only 

water so.oples were o.nnlysed. At the tioe Ro.ghavo.cho.ri could not differ-

entia t e K,o.erogenos froo Irregulo.r VI (.YigQ To.blo 49) . 

TABLE 49 

COMP RISON OF COLIFORM STRt~I NS ISOIJ,TED 
FROM I NDV,N till SOUTH ;,..FRICAN WATERS 

Ro.ghavo.chnri in 1926 
Strains isolo.ted Indict 

% of stro.ins 

E.coli 69 . 2 
Cit.freundii 0.7 
K. o.erogenes 30 .1 
Other coliforns o.o 

1ro tc.l 100.0 

Present study 
Scuth Africa 
% of stro.ins 

80 .l 
o.o 

17.2 
2. 7 

100.0 

It is/ ••• 
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It i s inposs i bl o t o coopnro the occurrence of E. coli s tro. ins , ns thi s 

depends on tho degr ee of f c.ecnl pollution t o which tho wnt or ho.s been sub j ectoc , 

but t ho o~currence of K. aerogenes o.nd t he r a r eness of Cit . freundii are 

s i gnificQnt i n both studi es . 

It i s t oo difficult t o coupo.r e tho do.to. of Bards l ey (1926 ), o.s sho 

l a ter di s continued tho citra t e t es t . Her nore r ecent work i s , however , 

coopnr nb l e (vide To.ble 50 ) . 

Tl.BLE 50 

COMPARISON OF COLIFORM STRA I NS ISOLATED 
FROM V~RIOUS SOURCES 

Huno.n f o.ecos Ani oo.l f neces I Wo.ter 

Bar dsley Present Bards l ey Present Bardsley Bnr ds ley Present 
Strains (1938) study (1948) study (1938) (1948) study 

direct di rect direct direct cl of % of % of i so l ated. 10 

pl a ting pl a ting pl a ting pl a ting s trni ns str a ins strc. ins 
% of % of % of % of 

str o. ins strcii ns strc. ins stro.ins 

f;_;.c oli I 83 .5 73.16 91. 3 96 . 3 56 . 6 63 . 99 73. 4 
81 , coli II 3. 9 0, 73 o.o 0.1 2. 2 3. 48 1.8 
E.coli III 3.1 11 . 40 o.o 0. 2 0. 7 2. 95 1. 3 
Jit . freundii I 4.3 0. 37 0. 5 o.o 18. 9 13. 90 o.o 
Cit,freundii II 1. 5 o.oo o.o o.o 1. 3 6. 80 o.o 
K. aor or.:enes I 3. 4 6. 25 5, 8 0. 2 15 . 3 5.51 9. 9 
k . aero,s;:enes II 0. 3 0. 73 o.o 0. 1 1.7 1. 40 o.o 
k,cloacae o.o o.oo 0,0 o.o 0. 9 0, 46 2. 3 
flrregulnr II o.o 2. 94 2. 4 3. 1 0. 9 0. 27 3. 6 
Irregul ar III o.o o.oo o.o o.o o.o 0. 04 o.o 
Irregul ar IV o.o 0, 37 o.o o.o 0. 1 0. 30 0. 9 
Irregul ar V o.o 0, 37 o.o o.o 0. 2 0. 23 0.5 
Irregul ar VI o.o 3,68 o.o o.o 0. 1 0.04 .5. 0 
Irregul a r VH . o.o o.oo o.o o.o o.o 0, 04 o.o 
I rregul ar VIII o.o o.oo o.o o.o o.o 0. 59 1. 3 

Unclassified 
Irregulc.rs o.o o.oo o.o o.o 1. 1 o.oo o.o 

Total 100 . 0 100 . 00 100. 0 100 .0 100 , 0 100 . 00 100 .0 

A striking differenc e between the two s urveys i s the r a r eness of 

Citrobncter freundii in the present s tudy . 

in the f c.ocnl o.nc lyses is noteworthy . 

The cbs ence of K. cloncno 

In one of her investigc.tions Bar ds l ey (1934 ) nl so gave the di s tribu-

tion of colifor os in the snnples . 

present s tudy is shown i n To.ble 51,, 

A coopnrison between this o.nd the 

TABLE 51/ ••• 
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T/i.BLE 51 

COMPARISON OF THE DISTRI BUTI ON OF COLIFORM 
STRAINS IN VARIOUS SAMPLES 

Hunan faeces Wa t er 

Strains Bardsl ey (1934) I Present study Bardsl ey (1934) Present study 

! solnted % of % of % of % of % of % of % of % of 
snnpl es strai ns snnplcs strci ns sanples strai ns iso.opl es strai ns 

E. coli 94 88 98 . 4 88. 23 86 . 3 78 . 1 93 . 0 80.1 
Ci t . freundii 16 8 1. 6 0 . 37 11. 6 10. 9 o.o o.o 
K. aero.:;:enes 9 3 21. 0 10 . 66 7. 7 7. 5 36 . 6 17. 2 
I rregul ars 6 1 3 . 2 0. 74 5. 3 3. 5 4. 6 2.7 

Tot .'.11 - 100 - 100 . 00 - 100 . 0 - 100.0 

The rareness of Cit . freundii in the present study is ago.in strikine . 

li.n i nteres ting conpar i son was oo.de by Burke- Goffney (1932 ) between 

the i ncidence of colifor ns i n the tropi cs (Dar-es-Salo.a□ , East lfrica) 

and in Europe , regar ding faeces , unpoll uted waters and pol luted wa ters . 

In Table 52 t hi s i s conpor ed with the results of t he present i nvestigati on . 

TABLE 52 

COMPARISON OF COLIFORM STRAINS ISOLATED FROM FAECES AND Wl TER 
I N DIFFERENT GEOGRAPHICAL AREAS 

Faeces Water 

Burke- Present Burke-

Strains Gaffney study Gaffney Tr opics 
(1q~2 ) South (1q~2 ) 

i sola t ed Africa. Tr opics Europe % of 
Unpolluted Polluted 

% of % of strains % of % of 
strains s t r a i ns s t rai ns strai ns 

E.coli 96 87 96 . 7 0 83 
K. aerogenes 1 9 3 . 0 87 17 
Ci t , frcundii 2 3 0 . 1 13 0 
Other coliforns 1 1 0 . 2 0 0 

Total 100 100 100 . 0 100 100 

Present 
study 
South 
Afr ico. 
% of 
strc.i ns 

80 .1 
17. 2 
o.o 
2. 7 

100 . 0 

As f or us the f aecal specioens are concerned there is ouch r esenblance 

between the resul ts of the inves t ienti on i n the tropi cs and tha t of the 

pr esent investigation wi th tho exception tha t the i nci dence of Ci t , freundii 

was/ ••• 



- 89-

was l ow in the pr esent study . Conpnr ed with the work of Burke- Ga.ffney , 

the wnter in the present study falls in tho polluted gr oup. 

Skinner nnd Brudnoy (1932) no.den survey of t he occurrence of colifor ns 

in fnecnl snnpl es . Tnble 53 sho~the conpnri son between hi s results o.nd 

that of the present inves tiga tion . · 

TABLE 53 

COMPARISON OF COLIFORM STRJ.I NS ISOLATED FROM FAECES 

Faeces 

Stro.ins 
Skinner & Brudnoy Present study 

isol a t ed (1932) 
% % 

of s trains 
of strains 

E,coli I 87. 4 93 . 5 
E.col i II 1. 4 3.3 
Cit.freundii I 5. 1 0.1 
Cit.freundii II 1.0 o.o 
K. nerog:enes I 2. 9 1. 6 
K. ner og:enes II 1.9 0. 3 
Other colifoms 

' 
0.3 1. 2 

Total 100.0 100. 0 

This conpnrison r eveals close sinilnrity between the two sets of results 

except thnt i n the present study , Cit . freundii occurred t on lesser extent. 

The present r esults cnnnot ensily be conpnr ed with tha. t of Parr (1937 , 

1938) (vide Tnble 54) . He used n brander definition f or the Interuedintes, 

thnn wns used f or the clnssicnl Koser 1 s Inter nedi nt es , now known a.s 

Cit , freundii (vide 4. 2, Table 46 ). 

TABLE 54 

COMPARISON OF COLIFORM STRAINS ISOLATED 
FROM HUMJ\N FAECES 

Stra ins isola t ed Parr (1937) 
% of snnul es 

E.coli 92 . 3 
E.coli H2S+ 0. 5 
E.coli liquefying gelatin 0.5 
Internedintes 20 . 0 
K.nerogenes 25 .2 
K1 cloncne 3.8 
Irregulars o.o 

Present study 
% of sarmles 

98. 3 
1.6 
o.o 
3,2 

21 . 1 
o.o 
1.6 

During/ ••• 
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During the present study no K. cloacne and gele tin liquefying E,coli 

strains were isol nted, whil e the Internediates were rare . 

the occurrence of E.coli I H2S+ stra i ns in both studi es . 

were also isolated by Leclerc (1961) . 

Interesting is 

These strnins 

A conpnrison with the results of Malcolo (1938) is shown in Table 55 . 

TABLE 55 

COMPARISON OF COLIFORM STRAINS ISOLATED 
FROM CATTLE FAECES 

Malcol o (1938) Malcoln (1938) 

Strains isolated Direct pl a ting Inhibiting E,coli 
% of strnins I 

% of strni ns 

E3 coli I 97 . 3 0 
Irregular II 0 0 
Cit.freundii I 0.7 16 . 6 
Cit.freundii II 0 7,2 
K. nerogenes I 0. 9 33.2 
K. aerog:enes II 0 .7 12. 3 
K,cloacae 0. 4 30 . 7 

Total 100 . 0 100 .0 

Present study 
Direct plating 
% of strains 

98 . 89 
0 .74 
o.oo 
o.oo 
0.37 
o.oo 
o.oo 

100.00 

Except for Irregular II, Cit 1freundii and K. cloncae there is consider-

Qble agreenent between both studi es . As explained earlier (vide 1. 2), 

Malcoln 's oethod for inhibiting E.coli I nnd pronoting the growth of the 

other coliforos could not be studied , as the paper concerned could not 

be obtnined . Apparently his oethods included enrichnent inn brillinnt 

ereen broth , in which case only one orgnni sn of encn strai n , pronoted in 

thnt way , coul d oultipl y at such a r ate t o give tho percentages obtnined . 

Another survey in Aoerica , of which the r esul ts are conpnred with that 

of the present i nvestigation in Table 56 , wns done by Stuart, Griffin nnd 

Baker (1938). Wi th the exception of Cit .freundii the results of these 

two surveys showed nn anazing correspondence . The sinilnrity between 

the bncteri n found in faeca l specioens fron cnttle is striking. 

TABLE 56/ •• • 
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TABLE 56 

COMPJ.RISON OF COLIFORM STRAINS ISOLATED FROM FAECES 

Human f aeces Cattle faeces 

Strai ns Stuart , Griff in Present Stunrt , Griffin Present 
nnd Beker ( 1938) study '.md Bo.ker ( 1938) study isolated % of s tro.ins % of ~6 of strains % of 

str o.ins s tro. ins 

E1 coli I 78 .4 84 . 56 96 . 6 98 .89 
E1 coli II 0.7 3. 67 4. 4 o. 74 
Cit . freundii I 3. 6 0. 37 o.o o.oo 
Cit.freundii 

II 2. 2 o. oo o. o o. oo 
K. o.erogenes I 14. 0 9. 93 o.o 0.37 
K. nerogenes II 1.1 n. 73 o. o o. oo 
Irregular IV o. o 0. 37 o. o o. oo 
Irregular V o.o 0. 37 o. o o. oo 

Total 100 . 0 100 . 00 100. 0 o. oo 

In Argentine Ferranol n (1940) applied the British syston of class i

fic~t i on (vide 4. 2, Table 44 ) to o. very l a r ge nunbor of water so.opl es . 

The waters which were ana l ysed were obvi ousl y f o.ccnlly polluted , when 

judeed on the occurrence of E.coli I strai ns (~ Tabl e 57) . 

TABLE 57 

COMPARISON OF COLIFORMS STRAINS ISOLATED FROl\'I WATER 

Argentine water South Africa. 
Strai ns isolated Ferro.oo l o. (1940 ) Present study 

% of strains % of strai ns 

E. coli I 89. 2 73 .4 
E. coli II o. o 1.8 
E.coli III o. 6 .1. 3 
Cit . Klebsiello. spp . 9. 9 12 . 2 
Irregular II 0. 3 3. 6 
Irregular VI o. o 5. 0 
Other colifor ns o. o 2. 7 

Tcto. l 100 . 0 100 .0 

It wo.s/ ••• 
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It was thought tho.t waters of Argent ine would correspond rouchly 

to South African , Indi an o.nd other tropical nnd subtropica l waters (vi de 

Boizot , 1941) . This , however , i s not confirned by Ferranola 1s data . His 

do.to. correspond better t o that fo r British waters (vide supra , Bards l ey , 

1938) and 1,ustrnlinn waters (vidc supra , Bar ds ley, 1948), especially as 

far as Irregular II and I rreeulo.r VI a r e concerned. Yet,it should be 

i ndicated tha t Keopny (1948) onde a study of tho coliforos fro□ 100 huoan 

beings i n Buenos Ayres (Argentine ) . Accor ding t o these results E, coli I 

predooinated (90 .1% of the strains), while 3 . 8% of tho s trains wore of tho 
11aerogcnes-cloaco.o group," in which Irregular VI was the preponderant strc. i n . 

Consequent l y IrreffUl ar VI was i solated in Argentine in 1948 , and there is c 

possibility thnt it will be present in Argent ine waters too today. 

The· r esults of a further survey on human fae ces i n America by Griffin 

and Stuart (1940 )are compared with the present r esults in Table 58. 

TABLE 58 

COMPARISON OF COLIFORM STRAI NS ISOIJ,TED FROM 
HUMAN FAECES 

Griffin and Stuart Present study 
Strains isol ated (1940) 

-~ 
/v of strai ns 9o of strains 

E. coli I 76 . 4 84 . 56 
E: coli II 2. 3 3. 67 
Cit 3 freunc. ii I 7 . 4 0. 37 
Cit i freundii II 2.1 o.oo 
K!aer oBenes I 9. 4 9. 93 
K. aer cPienes II 1.8 0 . 73 
Other coliforns o.o 0. 74 

Total 100 .0 100 . 00 

Except for Cit.freundii there is a reoarkable o.gr eeoent between the 

two sets of results . 

An ioportnnt study on the coliforo flor a of tropicc l waters wns onde 

by Boizot (1941) in Singo.pore . Fr on the conpari son in Table 59 it is 

evident that , although Cit.freundii was not isol ated in the present study, 

the occurrence of K. nerogenes I and Irregular VI i s signific~nt in both 

studies . Boizot further indicated thnt according t o Wilson and his co-

workers in 1935 , only 0 . 7% of the water s o.opl es in Britain contained 

Irregul ar VI , while o.~cordine t o Ro.gh~vo.chari and Iyer in 1938- 9, 63 . 3% of 

Indian water so.oples conto.ined IrreffUl ar VI . 

TABLE 59/.,. 
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TABLE 59 

COMP! RISON OF COLIFOiu'l\/fS ISOLL\.TED FROM Wf.TER 

Boizot (1941) Present study 
Strnins i so lc'.l.ted 

% of snnnlos % of snnnles 

E1 coli I 65 . 6 93 . 2 
E.coli II 3. 3 6 . 8 
Ci t . freundii I 36.l o.o 
Cit.freundii II 13.l o.c 
K. nerogenes I 63,9 37.3 
K. o.erogenes II 4 . 9 o.o 
E,coli III 4 . 9 2. 3 
Irregular II 1.6 9.1 
Irregular VI 

I 
11. 4 13 . 6 

Other coliforos o.o 6. 9 

Mrwkenzie, Tnylor o.ncl Gilbert (1948) studied the occurrence of colif or□ 

flor~ in hun~n f neces nnd in filtered and chlorinated waters in Britain . 

TABLE 60 

COMPJ.RISON OF COLIFORM STRAINS ISOLATED FROM FAECES 
AND WATER 

Hunan fnecos Wnter 

Mnckonzie , Present Mnckenzie, Present 

Strnins isolated Taylor nnd study Tnylor and study 
Gilbert % of Gilbert % of 

(1948) strains (1948) strains 
50 of strains c/o of strains 

E.coli I 92 .3 85 . 29 52 . 9 73 . 4 
E1 coli II - - 1. 2 1.8 
E1 coli III - - 2. 4 1 . 3 
Cit.freundii 3.8 0 . 37 20.2 o.o 
K,o.erogenes 1. 0 6. 98 14. 6 12. 2 
K,cloacne 
Irregul ar II 2. 6 2. 94 6 . 9 3. 6 
Irregukr VI 0.3 3. 68 7.8 5. 0 
Other coliforns o.o 0 . 74 o.o 2. 7 

Total 100 . 0 100 . 0 100 . 0 

Fron the conparison between these und the present results, in Table 

60, it is neain obvious tha t Cit ,freundii wns isola t ed rarely in the 

present study . The incidence of Irregular II nnd Irregular VI in the 

troo.ted/ ••• 
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treated waters of Britain is ioportl:nt , as it is usua.lly no. i ntnined tha t 

these two orennisos rarely occur in British ro.w waters (Bardsley , 1938; 

Doizot , 1941; Great Brito.in Ministry of Health et o. l . 1956; Windle 

Taylor , 1958 ; Wilson and Miles , 1964) . 

Mo r e recently Windl e Taylor (1958) envo do. t a of faecal anal ys i s for 

colif oros . 

TABLE 61 

COMPARISON OF COLIFORM STRAINS ISOLATED FROM FAECES 

Windl e Tayl or (1958) 1 Stra i ns isol a t ed Present study 
% of strains 9~ of str ains 

E1 coli I 87 .19 90 . 5 
E1 coli II 1.82 0. 3 
E.coli III 3. 65 3. 0 
Cit;freundii 3. 65 0. 1 
K, nerogenes 0. 97 1. 9 
K.cloacae o.oo o.o 
Irregular VI 0. 24 1.0 
Other coliforos o.oo 3. 2 

Total l 100. 00 100 . 0 

Table 61 shows tha t these r esults differ froo t he present oninly i n 

the lower incidence of Cit . freundii and the hi gher i ncidence of Irregular VI 

i n the present study . 

Recentl y Geldreich , Bor dner , Huff , Clark and Kabler (1962) undertook 

an extensive investi gati on on the occurrence of coliforns i n faecal 

speci nens obta i ned fron no.n , cattle , pi gs , sheep , fowl s , turkeys end ducks 
+I.(., 

i n the U. S.A. Enployi ngi nenbro.ne filt ration technique severa l thousand 

colif orn strai ns wer e isol ated (~ Tabl e 62 ). They di d not specify the 

nunber of speci nens which was exo.nined . Thero i s a gener a l agreenent 

between tho investiga tion cf Geldreich et al . and the present survey , 

regardi ng the incidence of E.coli I and s one of tho other s trains . The 

r are occurrence of other coliforns i n both studi es is apparent . It is 

noteworthy that Geldreich et al . were ab l e to recover four of Parr ' s 

InterQedi ates . Yet , Stuar t , Griffin et al . (1938) and Griffin and 

Stuart (1940) failed t o obtain sinilar r esults i n the U.S.A. None of 

Parr's Internedio.tes was isolated in pure culture during the present 

i nvestigation (vide supra , 3~3 o.nd 4. 2), 

TLDLE 62/ ••• 
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strains 
isolated 

E. coli I 
Es coli II 
Cit . frcundii I 
Cit.freundii I I 
K. acroBenes I 
K. aerogcnes II 
AtYPical E. coli I 
A typical K. aero genes I 
Parr's Interuediate I 
Parr's Internedin te VII 
Parr ' s Internediate VIII 
Parr's Internediato X 
Other coliforns 

Total 
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TABLE 62 

COMP.ll.IlISON OF COLIFORM STRAINS ISOLATED FROM FAECES 

Hunan Livestock 

Goldreich et al Present study Geldreich et al . Present study 

Ho of . . 'f,o of No of 1 '}'o of No of .% of ' No ,.:. f % of • r . 
strainslstrains strains lstra ins strains ;strn:tns strains strains 

3 , 932 87 . 2 230 84 . 56 2, 237 95 . 6 529 97 . 0 
99 2.;.2 10 3. 67 14 0 . 6 14 2. 6 
50 1.·1 1 0 . 37 1 - * 0 o.o 
35 0.8 0 o.oo 27 1. 2 0 o.o 

245 5. 4 27 9. 93 0 o.o 1 0. 2 
14 0 . 3 2 0. 73 0 o.o 1 0. 2 

2 - * 0 o.oo 0 o.o 0 o.o 
2 - * 0 o.oo 0 o.o 0 o.o 

106 2. 4 0 o.oo 59 2. 5 0 o.o 
0 o.o 0 o.oo 1 - * 0 o.o 
6 0. 1 0 o.oo 0 o.o 0 o.o 

21 0 . 5 0 o.oo 0 o.o 0 o.o 
0 o.o 2 0 . 74 0 o.o 0 o.o 

4 , 512 100. 0 272 100. 00 2,339 100 . 0 545 100. 0 

* Insufficient nunber of cultures exanined. 

Poultry 

Geldroich et al. Present study 

No of ~ of No of % of 
strains strains strains strains 

1 , 857 97. 9 270 95 . 07 
20 1. 1 12 4 . 23 
5 0. 3 0 o.oo 

11 0. 6 0 o.oo 
1 0. 1 1 0 . 35 
0 o.o 0 o.oo 
2 - * 1 0 . 35 
0 o.o 0 o.oo 
0 o.o 0 o.oo 
0 o.o 0 o.oo 
0 o.o 0 o.oo 
0 o.o 0 o.oo 
0 o.o 0 o.oo 

1 , 896 100. 0 284 100. 00 
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It can be concluded tha t tho r esults of the present invos tig~tion 

confirn those of tho nbove- nont i oned authors , viz . th~t E.coli I is the 

pr edoninnnt stro.in i n faeces and polluted we.tors ::cncl thc. t there i s o. 

hieher i ncidence of Irregul a r II en~ Irregulc.r VI in wo.ters of the wo.roor 

clim tos . Tho incidence of Cit . freundii in South Africa is r nr o when con-

po. r ed with data fron abroc.d . 

Status o.ncl significance of the vc rious nenbers of the colifor o group o.s 
indica tors of f o.ecnl pollution of water 

The various necber s of the colifor n group usually do not carry the 

sane weight as indicotors of fc.ecc. l po llution of wa t er (~ 1. 2 c.nd 1.3). 

Their status o.nd s i gnificanc e as indic~tors of faeco.l pollution of water 

are sUI2Dc.ris ed in Table 63 (Groc. t Brita in Ministry of Health et a l . 

1956; Windle Tayl or, 1958 ; Wilson o.nd Miles , 1964 ) . 

The status o.nd the significance , ns given in Tc.ble 63 , however , have 

been debated fierc ely . Aoerico.n authorities do not a ccept this, as 

has been indica t ed (vide 1 . 3 ) " •••• there is little or no evidence tha t 

colifor n bacteria oultiply on fresh grasses or gr a ins ; nor is there 

evidence that they nultipl y in soil" (Anerico.n Public Health Associat i on 

e t a l. 1955) . It is, however , striking thc. t t hi s sentence was onitted 

in the Eleventh Edition of ~ner i can Public Health Associc. tion et al . (1960) . 

Fron the f or egoing (vide 4. 9) it i s apparent tha t E. coli I wcs tho 

prcdooinant orgnnisn. in the no. jority of f o.eca l specioens exanincc. o.s well 

c.s i n water which wns sub j ected t o fc.eccl pollution . This undoubtedly 

suggests that the eencro.l o.ccept o.nce of this orgc.ni sn as a r eliab l e indica tor 

of recent f o.ecnl pollution i s soundly based (a l so conpnre Uhl, 1948) . 

Fron the present stucy and fron the liter a ture (Groat Brito.in Ministry of 

Health e t nl . 1956; Windl e Tc.ylor, 1958 ; Wils on nnd Miles , 1964 ) it 

is nl so apparent thc. t the only other oreo.nisos of i iportnnce are E. coli III 

and Irregular II . Consequently, wherever E. coli I f a ils t o be present 

a special survey can be carried out for the presence of E.coli III c.nd 

Irregular II . h S fc.r o.s Irregular II is concerned , it should be indi-

cated thc. t it has beGn suggested t o be includeu c.s an Escherichi a s trnin, 

because of the biocheoi cnl and cultura l char acteris tics which this 

orgo.nisn ho.sin conuon with the other Eschori chi e str ains (Windle Taylor , 

1958) . Dy enploying i.Derican clnss ific~tion scheoes it i s inpossible to 

distinguish between this strain and E. coli II (vi do 4. 2, Table 43) . In 

standard works on biocheoi cnl and serological chnro.cteristics of the Entero

bncteriacene this orgnnisn is included as nn Escherichia stra in , e . g . 

Kauffoann (1954), Ewing and Edwa rds (196 2) , Previously E. coli III wo.s 

known as Irregular I , but for the so.no reasons it was renaoed E, coli III 

(Windle/ ••• 



- 97-

Tl\.DLE 63 

STli.TUS .im SIGNIFICMTCE OF THE Vf.RIOUS MEMBERS OF 
THE CCLIFORM GROUP 

Type of ore.::.nisu Pr obab l e ho.bitc. t Indica tion of f c eco.l 
pollution 

E. coli I · Huucn nncl (..ni onl intost- Supreue 
i ne 

E.coli II Doubtful, probo.bly not Suspicious, probably 
prinarily i ntes tin.'.l l reoo te 

E.coli III Huo.:; n und o.ni rml Possible 
i ntes tine 

Cit. freundii I Mc. i nly soil Suspicious, pr ob- ) 
Cit.freundii II M-:,_ inly s oil o.bl y reuo te ) 

K. aeroe:enes I ffa inly vegetntic,n Suspicious , pr ob- ) 
K. o.er o~ones II Mc. i nly veeot c tion o.bly r enote ) 
IC.clonco.e Mo.inly veeeto.tion ) 

Irroeul o.r II Doubtful , probab l y Poss i bl e 
huonn .... nd o.ni oo.l 

Irregul ar III Doubtful Suspicious, pr ob- ) 
nbly reoc.t e ) 

Irreeulnr IV Doubtful ) 
Irrogulnr V Doubtful ) 
Irrceul nr VI Doubtful ) 
Irrceul nr VII Doubtful ) 
Irregular VIII Doubtful ) 
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(Windlo To.ylor, 1958 ; Wilson o.nd Miles , 1964 ) . 

To ee t a.round this probl en o.nd to o.ssuro the hi ghest quo.lity of wo.tor , 

o.ttention is being given to the s i gnificance of the coliforns as o. group 

in drinki ng ... water practice . The World Rea.1th Orgo.nizo. tion (1961) 

sunno.rised this problen o.s follows "All the neobor s of the coliforn 

group oo.y be of f o.eco.l origin, o.nd the worst poss i ble interpreto.tion should , 

therefore , be attached to their presence in water; thus fron o. pro.ctico.l 

point of view i t should be o.ssuned tho.t they o.re o.11 of fo.e co.l origin . 

Quite a.po.rt fron the question of their be ing indicative of f o.eco. l pollution, 

orgc.nisns of the coliforn group o.s ~ who le o.re foreign to wo.ter o.nd oust 

o.t l east be r ego.rded o.s i ndico. tive of pollution in its widest sense" . 

This l o.s t po.rt is ilmporto.nt . Coliforns no.y be rego.rded o.s indicators 

of po llution of water with tcrrigenous no.terio. l . Ano ther i nterpretat i on 

should , however, be a ttached to this . At present it is well known thi:1 t 

colifor□s , other tho.n E.col i I, viz . Cit . freundii. K. o.erogenes , K.cloo.co.e 

and so□e of the so-ca lled Irregul ars , o.re usua lly nore r esistant to 

chl orination than E.coli I o.nd intestino.l pathogens , e . g. So.lnonello.e and 

Shigello.e (Prescott et o.l . 1946; Greo.t Brito.in Ministry of Hoo.1th e t o.l . 

1956 ; Kabl er, 1951; Windle To.ylor, 1958; K.:::.bler o.nd Clark, 1960; 

McKee o.nd Wulf, 1963 ; Coetzee a.ncl vo.n Duuren, 1964; Wilson o.nd Mil es , 

1964 ) . 

It is therefore obvi ous tho.t whon o. survey i s no.do on wo.ter o.nd ro.w 

waters , E. coli I is the prine indica tor of fo.eco.l pollution, but tho. t the 

coliforns other tho.n E,coli I o.re inporto.nt o.s o. controlling index i n 

drinking-wo.tor practice . 

A fino.l poi nt which shoul d be nentioned i s the occurrence of Irregul ar II 

o.nd Irregular VI i n n2turo.l wo.ters . I t is generally accepted tho.t the 

occurrence of thes e two orgo.nis□s in faeces c.nd water is rare i n Drito.in , 

Austro.lio. nnd North o.nd South lmericn (vido s u,pro. , 4 . 9) . .A ttention, 

however , wo.s dro.wn t o the fa.ct tha t treated wo.ter in Dritnin usually cant o.i ns 

these orgo.ni sos (vide 4 . 9) end tho.t Irregular VI occurred in faeces in 

South Anerica (vide 4 . 9 - Kenpny , 1948) . Furthoroore, it is known tho.t 

Irregul ar VI occurs i n l argo nunber s in the tropico.l wo.ters of India o.nd 

Singo.pore (vide 4 . 9) . . Little , however , wo.s known a.bout South Lfrica 

nnd the rest of Africa . · Whon Durke-Gaffney (1932 ) undertook hi s survey 

of Eas tern Africa. (vide 4 . 9) he could not differenti nte Irregulo. r VI f r on 

K. o.or ogenes I. I t wo.s known in Europe c.nd L.uericn tho. t so-c.2lled 

"infections " of wo.ter with Irreeul.::,r VI could occur (Pros cott et a l . 1946 ; 

Ma ckenzie/ , , • 
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M~:.ckonzio , Tayl or a nd Gilbert , 1948 ; Wi ndl e T['.yl or , 1958; Wilson and 

Miles , 1964 ) and tha t those or gGni sos nr e v.2rinnts of K. o.ero~ones I 

(Windle Tnyl or , 1958 ; Wilson nnd Miles , 1964 ) (vide 1 . 2 o.nd 4 . 2 , Tabl e 44 ). 

Further nore, Taylor (1948) f ound thnt both Irreeul nr VI and K. ner ogenes 

were c.b lo to nulti ply on jute ynrn nnd this ni ght ca.use "infections"of 

water-s nins . 

Until the enc. of 1963 it was the pro.ctice i n South Afric a. not to confiro 

Presunptive E. coli I counts . Thi s is bes t denonstr o.tod by the work of 

Keller (1959) : "Mo.cC onkey broth o. t 44 . 5°C . fo r 48 hr. t o detoroine the 

nunber of typic.21 f ,". ec.21 Escherichia coli" nnd thi s " • • •• is specific for 

Esch . coli II . . . . . It wc.s thus o.ssuned tha t the occurrence of Irregul nr II 

~nd Irregul o.r VI i s olso r o.ro in South Africo.n wo.ters . Consequently nll 

surveys , viz , Go.illo.rd (1959) , Keller (1959, 1960 ), Ho..rrison et o. l . (1960), 

Schoonbee (1962 ) :'.nd Ho.rrison et o.l. (1963 ) used Presunptive E. coli I 

counts o.s .2n equival ent t o E. coli I counts . 

During the present survey , however , it wns found tho.t Irregul o..r II o.nd 

Irregul ar VI do occur i n r nw w.2 t e r s in the Potchefstroon region(~ 3 . 5 , 

To..b les 30 ,31, 34- 38, 40 c.nd 42 ) . No reference ns t c,. the occurrence of 

thes e or gc.nisns i n South Africo. coul d be found anywhere . Enquiries 

br ought t o lieht thnt occus i onnlly they do occur i n snnll qunnti ties in 

the Pretoric. regi on (Coo tzce , 1964 ) . During the yec.rs following 1963 , 

ext ensive river end ocean surveys were carried out in No.tnl under the nuspicea 

of the South ii.friccm Council f or Scienti f ic c.nd Industrio..l R esecrc;h 

(No. tionnl I ns t i tute for Wo. t er Resenrch ) . Fron those it wns obvious t hnt 

Irregul ar II nnd Irregul a r VI occur in enornous nunbers in s one Nn to.l 

waters (Kenp , Dr o.nd o.nd Pre t orius , 1966 ; Livings t one , 1966 ) . In no.ny 

cnses tho origi n of the Irregulnr VI or eo.nisns could be traced buck t o fibre 

pollution , e . g . fron suenr and pa.per uills . 

This i nnedi ntely s ugeests t h.2t it will be unsafe t o regard Presunpt i ve 

E. coli I counts o.s sufficient . It i s therefor e obvi ous thnt confirno.tive 

nnd differentia l nethods shoul d o.lwo.ys .)O o.:,plied t o o.11 Presunptive 

E. coli I tests . 

Apo.rt frou Toto.l colifor c, t ests, World Hco.l th /"J r g.2nizo. ticn (1963 ) 

o. lso ::idvocn tod tests f or the "f.::-. eco. l colifor o gr oup" which is s t o. t ed o.s 

t o be "o.11 of defini te f c.ec:-.1 ori ein ::nd nr e indico. tivo of r ecent f o.ecnl 

pollution" . This so-called "faeco.l colif orn group" i s the sane c.s t he 

Presunptive E. coli I count . Deco.us e it a l so i ncludes Irregul ar VI , which 

is noinly derived froo fibres , the above sto.tenent i s not o. ccept o.bl e . 

4 . 11/ ... 
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4 . 11 Conclusions 

From the results obta ined, it can be concluded tha t E. coli I is the 

predomi nant coliform occurring mos t frequently in the human and the animal 

intes tine , and thi s organi sm i s usua lly manifest in the r ecent ly passed 

faeces , as well as being oormally detectable in f aeca lly pollut ed river 

water . 

Whereas , very few coliforms other than E. coli I were to be found in 

anima l fae ces apart from Irregu l a r II, a number of s trains other than 

E. coli I was isola ted from human f aeces . E. coli I without doubt, is the 

pr eponder ant str ain in man, but other s trains whose presence is worth noting 

a r e E. coli III , K. ae rogenes I , Irregul a r VI and Irregul a r II . 

As expected , the river exami ned showed evidence of faecal pollution . 

This was r evealed by the frequent r ecovery of E. coli I. 

The higher incidence of K, ae rogenes I and Irregul a r VI in river water, 

suggests tha t these coliforms have t heir natural habita t elsewhere than 

within the human and the ani ma l intestine , As K. cloacae was recovered 

from t he water sampl es only and not from f aeces it appear s safe to assu~e 

t hat t hi s coliform has a habitat outside the human and the animal intestine . 

Cit . freundii was i sola t ed only once from faec es and never from water. 

This sugges t s tha t the intestine and river water a r e not the na tura l habita t 

of t hi s coliform. Because of the uncommonness (or even total failure) with 

which E. coli II, K. ae rogenes II, Irregula r III to V, Irregular VII and 

Irregul a r VIII were recovered from fae ces and river wa ter it would appear 

that these coliforms have habita t s other than warm-blooded intesti nes and 

natura l fresh wa t er s , or t hat t hese strains normally occur only r arely in 

nature . 

In vi ew of Irregular I I and Irregul a r VI being pr esent in South African 

water s , the Presumpt i ve E. coli I t est should never be taken as specific 

enough to demonstra te conclusive l y t he presence of E. coli I . 

Fina lly it may be concluded tha t i n conformi ty with the a i m of the 

present i nvesti ga tion , the da t a r eported , showed tha t not all the member s 

of the coliform group i nvariably occur in f ae ces and should consequently 

be regarded as mer e organisms of passage when present i n the human and the 

anima l i nt es tine . Therefore these coliform str ains cannot be consi dered 

to be a ltoge t her a ccept able and r eliabl e indica tors of r ecent faeca l pollution 

of/ ••• 
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of wa t er . On the othe r hand the frequent occurrence of E. coli I in faeces 

i s noteworthy . The superiority of thi s coliform as a parameter of f aeca l 

pollution i s thus conf irmed . It a ppears to be t he only practical and 

r eliab l e indicator organism f or the detection of faeca l pollution of wa ter 

in South Africa . Wher e relevant the occurrence of E. coli III and Irregula r 

II may a l so be consi de r ed as supplementary parameters ~ 

5. SUMMARY/ •• , 
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5. SUMMARY 

An ecologica l study of the co l i form bacter i a , wi th speci a l attention 

to thei r s t a t us as i ndica tors of f a eca l pol l ut i on of water , wa s under

taken . Altoge t her 211 f aeca l specimens , f rom human and anima l origin , 

were exami ned and 1,101 purifi ed colifo r m s tra i ns we r e i sola ted and s tudi ed . 

Water sampl es wer e exami ned by the MPN me t hod and fro m t he pos i tive tests 

of 44 sampl es , which confirmed t he pr esence of colif orm bacteria , 222 s tra i ns 

wer e isol ated and s t udi ed i n detail . 

While t he occurrence of the member s of the colif orm group i n human 

and animal f a eces wa s established , E. coli I proved to be t he pr edominant 

s train in bot h f aeces and f a eca lly polluted wa ters . These resul ts confirmed 

t hose of pr evious worker s i n thi s fi e l d . Ci t . f r eundii was rear ely r e-

cove r ed from f aeces and not a t a l l fro m wat er , while K. cloacae wa s i solated 

fro m water onl y . 

The r esult s r eported show tha t no t a ll the member s of the colif orm 

group can be consi der ed as i ndica tive of recent faeca l pollution of water . 

The gener a l a ccept ance of E.coli I as a re liab l e indicator of such pollution , 

however , was confirmed . 

I n addi tion to t he above the membr ane f il t r ation techni que usually 

employed for the quantita tive de t er mi nation of colifo r ms i n wa t er , was 

modified for t he quantitative examina tion of colif orm bacteria pr esent in 

faeces . 
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