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INTRODUCT ION

In the routine bacteriological exemination of water for the pre-
sence of organisms of the coliform group, the accepted presumptive fer-
mentation test involves the inoculation of lactose broth with suitadle
aliquots of the water sample, followed by incubation at 37° C. The op-
timum temperature for the growth of B. coli (1) and other organisms of
intestinal origin has been considered to be 37° C., and hence primary
isolation is attempted at this "optimum tempersture®™s The question
arises whether the optimum temperature for the growth of coliform or-
genisms in their nol;nal habitat is also the optimum growth and femen-
tation temperature after those organisms have existed in water for some
time at temperatures normally much lower than 37° C.

A review of the literature reveals no instances where presumptive
fermentation tests were attempted at temperatures lower than 379 C.,
however a few investigators have tried primary isolation at temperatures
as high as 46° 0. Tor example, Minkevich (2) in applying the principle
of Bijimen's (3, 4, 5) fermentation test for detemining the "coli titre"
of water, found that at temperaturesof 46%, 450, UUO, and 430 maximum
dilutions of sewage polluted water and suspensions of coli cultures are
not always able to ferment mannitol, being inhibited more dy the higher
temperatures. Nevertheless, Minkevich and his workers concluded that
430 O. is the highest temperature harmless for coli in "maximum dilu.
tions" of water samples., although higher fermentation titres were ob-
tained when 37° C. was used as the incubation temperature. Other in-
vestigators, unlike Minkevich, employed pure cultures of intestinal one

ganisms isolated from various sources in testing the efficacy of tem.
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peratures higher than 370 C. for the primary isolation and detection of
organisms of fecal origin. Sherwood and Clegg (6., 7) contended that the
most reliable test for the detection of "Bacterium coli" was incubation
in ¥acConkey's broth at U4U® C. Experimental results obtained with pure
cul tures of orgeniems isolated from shellfish, sewage and feces were
offered in support of their argument. However, conclusions drawn from
experimental results obtained with pure cul tures grown at the normally
optimum temperatures are not necessarily valid for the primary isolation
or detection of those same organisms after they have existed for some
time in 2 sub~optimum temperature environment.

Intestinal organisms that survive for extended periods in water at
temperatures that are usually much lower than 370 C. conceivably might
become s0o adapted to those lower temperatures that a relatively sudden
return of the organisms to the temperature of their normal enviromment
could, in many cases, seriously impair their ébnity to marvive and mul-
tiply. Therefore, this investigation was undertaken to determine the
optimum temperature for the primary isolation of coliform organiems from
water.

Your specially construsted incubators, each with a capacity of one
cubic foot, were used throughout these studies. These incubators were
carefully controlled to maintain the desired T C. ¥ 0.5°, and were
regulated to 320, 359, 37° end 39° C., respectively.

The first phase of the experimental work involved growth curve de-
terminations at the above four temperatures for important representatives
of the coliform group. All of the organisms (13 in number) thus studied
had been isolated in pure culture from various water sources. The pur-

vose of these growth curve runs was to ascertain whether there were sig-






nificant differences in the growth rates of the various coliform types
at the temperatures under coneideration. It should dbe emphasised that
since their initial isolation from water, all sub-cultures of these
test organisms had beea incubated at 37° C.

The second snd perhaps most important phase of the experimental
procedure involved actusl presumptive fermentation tests of a series of
water samples obtained from a small lake near Lansing, Michigan during
the months of August and September, 1948. In order to obtain as great
a variety of coliform orgenisms as possible, the samples were collected
in the customary manner from all parts of the lake. No more tham
twenty samples were taken at any one time, since that figure represented
the limited capacity of the test incudbators. Within 24 nours after col-
lection, the presumptive tests were performed concurrently at 32°, 350,
379, and 390 O. upon each sample of water. In every ease where the pre-
samptive fermentation test was positive, an attempt was made to 1solate

the organimm or organisms responsible for the gas production.

EXPERIMENTAL PROCEDURE

Ae OGrowth Curves

The following organiems were used in the growth rate studiess
EBscherichia coli -ll cul tures, Xos. 2, 5. 7 and 8.

Aerobacter serogenes - 4 cultures Nos. 25, %, 27 and 29.
Intermediate I (= + = ¢) 5 cul tures, Nos. 29, 31, 32, 33 and 35.

OCultures of the above organisms were carried on plain agar slantse
Uniform saline suspensions of the organismtwere prepared from 18 to 24
hour single strength lactose bdroth cultures that had been incubdbated at
37° 0. The saline suspensions were so diluted that whem 1 ml. of a
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suepension was added to 99 mls. of single strength lactose bdroth in an
Brlenmeyer flagk, the number of organisms present per mle. in the flask
4id not exceed 100. The flasks were machine-~shaken for five minutes to
insure unfform distribution of the organisms. 15 ml. aliquots from each
broth culture tims prepared were pipetted into each of four sterile test
tubes. After plating out 1 ml. from each tube to determine the initial
counts, the tubes were distributed samong the four incubators set at 320,
35°, 37° and 399, respectively. At the end of 2, 4, 6, &, 12 and 24
hours 1 ml. aliquots from each tube were plated with tryptone-glucose-
extract agar. All plates were counted after 48 hours incubation at

371°.

At the game time the 15 ml. portions of the broth cultures were
pipetted into sterile tubes, 1 ml. aliquots were added to each of four
Darham single strength lactose fermentation tubes which were then incu-
bated with the other cultures, one at each temperature. Oas production
in percent was read and recorded for each incubation temperature after
12, 24 and 48 hours.

A total of 29 much determinations were made. Three of the E. coli
cul tures were run twice, and one was run three times. The four A. aero-
genes cultures were handled similarily. Of the five Intermediate I. cul-
dures, four were run twice and one three times.

Tollowing the accepted procedure for handling such data, the loga-
rithmic aversge counts were determined for each coliform type, the data
for which are given in Tables I, II, and III. The logarithmic growth
curves were plotted from those data, and are represented by Grephs I,

II and III.
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TABLE I

A Oomparison of Various Incubation Temperatures for E. 1’

Log Average Oounts

!i:;;;.n v hmh;; n T = 0,___793_

0 1.78 1.79 1.8 1.80

2 2.4 2.63 2.77 2.65

4 373 4.30 4.63 Yo Th

6 5e¢36 5¢85 6.33 634

g 665 7.1 1.72 7.82

12 s.7 8.63 8.57 8.61

2% 8.80 g.72 8.57 8.51

Average Gas Production
Time in | Incybation Temparatura °C,

Hours 320 »H° 37° 39°
12 ug 1h$ &t 1u%
o4 oY 33 n 32
Lg 32 % b od b

s} cultures (Nos. 2, 5, 7 and 8) - 9 runs



TARLE II
A Comparison of Various Incubation Temperatures for A. aeroggos’
log Average Counts

s [ R
0 1.77 1.74 1.75 1.76

2 2.33 2.53 2463 2.%

Y 3.98 k.35 4.u8 4.5

6 5.3% 6+35 6.31 6.32

g 6.93 7.67 7464 7.62

12 8.47 g.51 g.13 g.3
o4 8.89 8.7l 7.42 7.20

Average Gas Production

frime tn ° g,
Hours 320 3 37° 390
12 6% &% 10% 7%
ol 38 %0 32 %
ug 5 5 % 29

* 1§ cultures (Nose 25, 26, 27 and 29) = 9 rumse.
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A Comparison of Various Incubation Temperatures for Intermediate I

TABLE III

.1og. Average Counts

Time in Incubation Temperature °C.

Hours 320 35° 310 3P
0 1.70 1.1 1.70 1.69

2 2.12 2.2 2423 2.15

Y 3.51 352 3.15 3.02

6 b7 4.92 b.ln 4,07

8 6.07 6.u3 554 5¢33

12 8.02 8.17 6.61 6.55
2y g.n 8.61 T.17 6.24

Average Gas Production
Tume in ‘Incubation Temperature © G.

Hours 35° 3r° 3P
12 of o of of
2y 5 11 5 3
ug 23 27 11 7

*5 cultures (Nos. 29, 31, 32, 33 and 35) - 11 runs.




GRAPH I.

Growth Curves for E. coli at Various Incubation Temperatures
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GRAPH 1I.

Growth Curves for A. aerogenes at Various Incubation Temperatures
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GRAPH III.

Growth Curves for Intermediate I. at Various Incubation Temperatures
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B, Water Samples

0f the 158 water samples which produced gas in lactose broth within
48 hours, 147 of them were successfully confirmed by isolation of the
coliforms responsible for the fermentation.

A modified, U - tube presumptive fermentation test was performed
on each water sample at each of the four incubation temperatures. In
every case, 10 mls. were added to each of two double strength lactose
fermentation tubes, and 1.0 ml. and O.1 ml. were added, respectively,
to two single strength lactose fermentation tubes. All tubes were ex-
emined for gas production, which was recorded in percent for each pos-
itive tube, at the end of 12, 24, and 48 hours.

Isolation of the coliforms was attempted by streaking Levine eosine
methylene blue azar plates from those tubes showing the maximum gas pro-
duction after 48 hours for each sample. After 24 to 48 hours incubation
at 379 0., morphologically distinct, suspect colonies were picked from
each E.M.3. plate and transferred to plain agar slants. The lactose
fermenting ability of each culture thus isolated was verified before
carrying out the Imvic reactions. As recommended by Standerd Methods.,
Kovacs'! (8) modification of the indol test, Barrit's (9) modification of
the Voges-Proskauer reaction, and Xoser's (10) procedure for the citrate
test were employed. Whenever the Imvic reactions tallied « + + + or
4+ + + + the purity of the cultures responsible for them was checked. Al-
together only three types of intermediates were isolated, i.e., those

giving =« ¢+ =« +, 2 & + +, and + + + + Imvic reactions, respectively.
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TABLE VII

Averege Maximum* Gas Production for All Positive
Samples at the Various Incudation Temperatures

Tme 30C. | 35°¢C. | 37°C. | 3% C.
24 hours 5¢3% 23.5% 29.44 28.6%
48 hours 40.3% 56 . 7% 39.1% u7.9%

*In calculating the average maximam gas
percentages, 2 tubdble of gas was arbi.
trarily considered as 2%.

-15.




A complete tabulation of the data for a number of the water samples
thus tested is given in Table IV. A compilation of all the pertinent

data obteined is given in Tables V, VI and VII.

DISCUSS Iow

From a study of the logarithmic growth curves obtained for doth
E. coli and A. merogenes, it is evident that their optimum growth temper-
ature must 11e in the 37° to 39° C. renge, since the growth curves plotted
for either organism at those two temveratures are practically coincident.
However, there apvears to be no merked decrease in the growth rates of
E. coll =nd A. serogenes when they are incubated at 35° C.

Also, it is appareat that the optimum growth temperature for Inter-
mediate I. is quite definitely close to 35° C., even though that organisa
is only slightly inhibited by a temperature of 320 C. On the other hand
incudbation at 370 or 39° 0. appreciably decreases its rate of growth, as
is obvious from the much lower bacterial populations at the stationary
phases for those two incubation temneratures.

The data tabulated in Tadles V and VI are most illuminating. Since
the total number of tubes showing gas for all samples proved to contain
coliforms is sppreciably greater at both 32° and 350 C., then at 37° or
39° 0., 1t s evident that the optimum or critical temperature for the
primary isslation of coliform organisms from water is less than the tem-
verature of their normal environment. Xurther, it apvears that the best
incubation temperature for the primary isolation of coliforms from water
is closest to 35° C., since the greatest number of tubes showed gas
after 24 hours incubation at that temperature. However, longer incube-

tion at 320 0. produced equally good results. These observations are

further substantiated by & consideration of the number of confirmed vos-
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itives obtained for the various incubation tenﬁeratures. which data are
given in Table VI. Although 32° and 35° C. produced the same number of
confirmed positive presumptive tests after U8 hours, sgain 350 0. seems
to be the best, since the most positives after 24 hours incubation are
recorded for thet temperature.

A further study of the data with regard to a comparison of the
type or types of coliforms isolated with the results obtainéd at the
four incubation temperatures is 2lso very interesting. The data clesrly
testify to the undesirability of subjecting both E. coli and A. serogenes
to 2 relatively sudden return to the temperature of their normal envir-
onment, after those organisms have sojourned for some time in water at
temparatures far below the normal optimum. There is a striking corre-
lation in each case between the total number of tubes showing ges, the
total number of positive presumptives, and the incubation temperatures
which heavily favors the two lower temperatures, especially 35° C. Ome
can only conclude that the normal optimum temperatureg often has a def-
initely harmful influence upon the ability of certain coliforms to surn-
vive and multiply, when it is apvlied for their primary isolation from
watere The data obtained for those water samples from which only inter-
mediates were isolated are 2leso suggestive of this viewpoint, although
not so conclusively, since relatively few such samples were encountered
in the series tested.

An exsmination of the percentage gas production data (Tables I, II
and III) accurmlated during the pure culture studies revesls some ten-
dency (least remarkable for B. coli) for greater gas production at the

lower temperatures, especially 35° C., in the case of each coliform
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type. This is true even though that tempersture can be correlsted with
the growth curve optimum temperature only in the case of Intermediste I.
Although & study of the aversge maximum vercent gae production data at
the four temperatures, given in Table VII, for all 1U7 positive water
samples is equelly mconplusive. there again is some suggestion that

35° C. may be the optimum fermentation temperature.

The remults of the pure culture studies in no way hint as to the
probsble outcome of the more practical water sample tests which followed.
Thus the importance of using "water-adapted" organisms, and hence actual
water samples, rather than pure cul tures for a study of this nature is

evident.
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CONCLUSIONS

l¢ The normal optimum growth temperature for Escherichis coli
and Aerobacter aerogenes is in the 37° to 39° C. range.

2. The normal optimum grovth temperature for Intermediate l. is

approximately 35° C.

3. The most favorable incubation temperature for the primary iso-
lation of coliforms from water is closest to 35° C.

4. Incudation at 320 0. for primary isolation is also superior
to 37° C., slthough a longer incubation period 1is necessary at that tem-
perature then at 35° C.

5. Data are presented which suggest that 35° O. may be the opti-

mum fermentation temperature for coliform organisms.

It 1s recommended that 35° C. be accepted as the incubdation temper-
ature for presumptive tests for coliforms in water, inasmuch as that tem-
perature 1s now officially recommended (11) for determining plate counts
in milk.
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