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INTRODUCTION

Some years ago Bergey and his colleagues (5) described organisms of
the genera Escherichia and Aerobacter as aerobic, Gram negative, non-spore
forming short rods which ferment lactose and dextrose with the production
of acid and gas.

These organisms, now collectively designated as coliform, (7) have
risen in importance. For a number of years the coliform group has been
used as the criterion of polluted water in routine laboratory analysis all
over the country and, indeed, all over the world. For this reason the
coliform organisms have been and are being studied more extensively than
probably any other one group of organisms. As a result of these wide
detailed studies, observers are continually finding organisms apparently
coliform but which vary in some characteristic which hag been accepted as
standard for the colon-aerogenes group.

Various authors have designated those organisms as "lrregulars" which
ferment lactose but do not fall into either the Escherichia or Aerobacter
group according to the citrate, methyl red and Voges Proskauer tests for

the differentiation of Escherichia coli from Aerobacter aerogesnes. Those

organisms which are seemingly coliform but do not ferment lactose with the
production of acid or acid and gas in 48 hours will be called atypical.
In addition to a discussion of "irregular" and atypical organisms, a

consideration of The Standard Methods for the Examination of Water and Sewage

(2) from the point of view of the efficiency of eosin methylene blue agar as

a means of differentiating E. coli from A._saerogenes. will be presented.



HISTORICAL

"Irregular® Coliform Organisms

Coliform orgsnisms which could not be classified as Escherichia or
Aerobacter according to the methyl red, Voges Proskauer, and citrate tests
were mentioned by MacConkey (24) as early as 1905.

France (10) isolated E. ggl; from both feces and polluted water. He
found that 28.7 per cent of the organisms from water gave irregular results
as compared with 2.2 per cent from feces.

Others have found also a large percentage of "irregular" coliform
organisms outside of the animal body. Bahlman (3) states that in water he
found 15.3 per cent "irregular" out of 1223 strains tested. From a total
of 4297 strains Bradsley (6) found that 58l or 12 per cent were "irregular."
Koser (18) stated that "irregular" forms were found mostly among soil strains
but were absent in feces. Again in 1926 he (19) found 31.9 per cent of the
organisms in non-polluted pasture soil to be "irregular®" and a very small
number in polluted pasture soil. Yale (39) isolated 204 colon-aerogenes
cultures from milk. He reported that 33 per cent fell into the "irregular"
group. Hicks (13) found 10.6 per cent "irregular" from human feces, Car-
penter and Fulton (8) 13.3 per cent, and Parr (28) found 7.7 per cent from
fresh human fecal samples.

These researches indicate that large numbers of "irregular" organisms

are commonly present in soil and water samples.



The Accuracy of Eosin Methylene Blue Agar

The accuracy with which eosin methylene blue agar can be used to differ-
entiate E. coli and A. aerogenes has been contested.

Levine (22) believed it to be highly satisfactory. He stated that in
9% .8 per cent of the cases eosin methylene blue agar gave typical colonies
from E. coli, 82.4 per cent were typical from A. gerogenes and that "irregu-
lar" colonies showed characteristics similar to A. aerogenes.

Georgia and Morales (11) concluded that in general the coliform organisus
could be differentiated on E. M. B. agar. They reported, however, that in
a mumber of instances colonies which were picked for one type proved to be
another.

Poe (31) testing the dependability of the E. M. B. agar in 195 cultures
belonging to the colon group found that 88.2 per cent gave typical Escheri-
chia colonies. 23 of these cultures were "irregular®" and 13 had sufficient
characteristics to put them in the colon group. He stated that there was
a 94.9 per cent correlation for Escherichia. 4.3 per cent of the 164 aero-
genes cultures were not characteristic, giving an accuracy of 95.7 per cent.

Ruchhoft (33) in a study of both pure and mixed cultures stated that
macroscopic interpretation of first streaked isolation plates is unscientific
and in many cases conjecture.

In this paper an attempt has been made to determine the accuracy of

this widely used method for differentiating E. coli and A. aerogenes.
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Atynical Coliform Organisms

Atypical coli“orm organisms have been referred to as non-lactose
fermenters, slow lactose fermenters or late lactose fermenters.

Some workers believe that atypical coliform organisms are not derived
from E. coli and therefore are of no sanitary significance. Klein and
Houston (14) found atypical organisms on grain.. Savage (35) stated that
atypical E. coli were of little sanitary significance. He showed that hold—
ing typical E. coli in mud did not change its characteristics. MacConkey
(24) showed that E. coli retained all of its characteristics unchanged after
an unfavorable enviromment of 258 days.

Later some evidence was brought forth to show the importance of atypi-
cal coli. Karstrom (17) demonstrated that the enzyme lactase in coliform
organisms is adaptive. It therefore may vary in amount depending uvon the
conditions for growth or synthesis of protoplasm.

Stokes, Weaver and Scherago (36) reported the conversion of late lactose
fermenters to rapid lactose fermenters and again to late lactose fermenters.
They concluded that the strains studied were variants of different members
of the colon-aerogenes group. Kriebel (20) agreed that such organisms as
these are as definitely fecal contamination as E. coli.

That same year Lewis (23) studied the phenomenon of dissociation in
muﬁable strains of Escherichia and Aerobacter by the use of synthetic media
containing lactose. He stated that non-lactose fermenting variants gave
rise to lactose fermenting strains.

Ziegler (40) in 1939 suggested that since lactase is adaptive, a

reversal may have teken place in late lactose fermenters. 1In a polluted



water the concentration of nutrient matefial is usually too low to permit
active multiplication of cells. Conditions may exist which would cause a
decreese in lactase activity even in the absence of cell multiplication.
In this paper an attempt has been made to identify these atypical
organisms by the use of cultural reactions such as the fermentation of

various csrbohydrates.

Serological Relationship Among Coliform Organisms

Many investigators have tried using serological methods to determine

the relationship between atypiczl coliform organisms and Escherichia coli.

A rather startling fact was mentioned by Pfaundler- (30) in 1898 when he
stated that there was no serological homogeneity among typicel coliform
cultures. He also noted that sera of the immunizing animals did not always
agglutinate their homologous strains. In other words, he found it dif<i-
cult to produce antibodies for these organisms.

Oné year later Radzrevsky (32) concluded that the colon bacteris can
be divided into a largs number of serological groups. Jatha (15), Mackie (25),
Van Loghem (38), Herrold (12), and Magheru (26) confirmed the work of Rad-
zievsky.

Strunz (37) immunized rabbits with 14 out of 23 strains of fecal coli-
form oréénisms and by cross agglutination classified these 23 strains into
3 major groups independent of their origin. Meyer (27) obtained similar
results. He divided E. coli into 3 types on the basis of type-specific and

species-specific antigens.



Tven thouvh the verious streins of E. coli were shown to be serolosi-

cally hetercesnous many triesd to show serolorical homogeneity betveen the
non-lectove fermenters or ety-icel enli. Fothercill (9Q) showed that non-
lectoce feormenterc wers serclogicelly heterogcneous and Abdoosh (1) con-
firmed thie,

Jones and Little (16) “ound thet the slow lectose forientoirs sloved no
inunolorical snecificity for peraty~hoids. Kriebel (20) and Santiford (24
cenirmed tliis znd Sandiford zlso wiited thet the atymicel celi are hetero-
Feneous vith a smell decree of common snti~en betwesn individuzl stroias.

Krictel (20) ettemnted to classify *the eiyrical coli from feces.
Enticera were usea from 2 Escherichia tyres, 4 Salmene?la, 3 Shicelle end
1 Zrertre’le tywe. Over 65 rer cont of +the striins vwerc necctive ond the
mocitive ~nzsg erclutinatza non-cpecifically.

Parr (<?) ucine glow lzctocz, ron-lactose and non-dcittrove farmentors

1 ]

tectoe them corolasici ly with antirens of E. *ychore, Salmoncila sonneil
. J . ’ ’

£. peredyoenterice, S. rparatyrhi, 8. schotimulleri, S. entiriticlis, . cholerre,

"

x . .
S. certrryele, Protous TR, and plealisenes feezlis. He (54) found *het

cross reactions occurred slicshtly for only E. tyrhoeca end S. parad:

It 1

€]

cooily secn thet none of these researches has succesdod in linking
the at;nical coli vith ony ethor one group of organicms cernlorieslly. A1l

worzers do agcree uneon one Toct, i.e., thiet various tyriccl etriins of E. cnli

P2 B B

are not serolorica™ly homorenzous.
Aprearent?, very fow vorlicre, if eny, have deter-ined the serolorienl
relatinnghin betvocn various ofrcins of A, cero~rneg nor have they atteonmnted

to cetermine the rclationsiin betvicen A. zero~incs and the aty-ical coliform

orcenicms.
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EXPERIMCNTAL
The cultures with which this work was doné were obtained from various

bacteriological leboratories over the country. They were isolated from water

supplics and were identified as coliform organisms according to The Standard

Methods for the Examinstion of Wiater and Sewage (2).

The experimentel work which follows is divided into twp parts. First,
an analysis was mede of the typicel cultures (those coliform organisms which
ferment lactose and dextrose with the production of acid ané gas in 24 or
48 hours). These orgenisms were classified as E. coli, A. aerogenes, or an
"irregular" type according to the citrate, methyl red apd Voges-Proskauer
tests. A correlation was macde between the original clessification of these
cultures on eosin methylene blue agar by workers in various laboratories
according to results obtained with the eitrate, M. R., and V. P. tests.

Secondly, the atypical coliform organisms (slow lactose fermenters or
non lactose fermenters) were considered. They were tested for acid and
gas production on the following media: inositol, inulin, dextrin, xylose,
mamnose, sorbitol, raffinose, mannitol, dulcite, trehalose, galactose, levu-
lose, and salicin broths. Geletin liquefaction and the ability to produce
hydrogen sulfide were noted. A correlation was also made between the nature
of the organism isoleted and the source of the water sampled.

In addition an attempted classification was made by serological methods.
Antiserum for typical E. coli and A. aerogenes cultures was obtained from
rabbits. Agglutination and absorption tests were run with typicul antigens

of E. coli, A. aerogenes, and atypical coliform organisms.



TZCIHICUE

The coliferm cultures received were checled for nurity and were tected
on the Xoger's citrate medium, end “or methyl recd and Vorce Proslizuer reac-

the methyl

[oN

tions on dextrose phnz»hate mzciim, Xosor's citrate tect an
red toute vere crrriccd cut in the usuzl manncr. A never modificetion of the
Vorer Procizuer test wes used.s To 1 mle of the culture, 0.6 ml., ¢ 5 »er

cetit elohe napthol in absolute ethyl alcohol end .2 ml. of 40 per cont K04

vere aciaed. The tubes vwere incuheted et 37°C end the recults verc rard from
3 to 4 heurg later. A pocitive rorction wne 2:zoiematid by the formetion of

& red rine (4).
The atyoicel cultures wvere tcotzd on verious carbohydrates for the

Sa

vrotuction of acid and gas, on gelatin Tor ligquefaction, and on irsn citrute
arnr for the nrowuctinn of hydrozean sulficde. The followins carbohycratce

vere used: inositol, inulin, dextrin, mannoce, sorbitol, rafinose, mannitol,
dulcite, trcholore, oalactoce, levilocs, end snlicin. Five tenths per cent of
each of thecs woe adod to nutricnt broth cnd aubtoclived at 10 pounds preucire
for 10 minutes. One tenth nor cent Andraocdel's incdicator wes used to cescirnete
a fall in »H., Durhaem tubes vere uscd to check gas procuction. Obcervations
vere made after 24 end 48 hource incubation. Gelotin liguefaction was tested
by incubiting the cultures for 3 days at 37°C and chillin= to determine
vhether +he gelntin would soli”ify. Hydror:n sulfide procduction was deter-

mined hy using steb cultures of iron citrate asir an’ obcerving a tluckening

along the line of inoculation. The medium contoined 2 per cent Lilco proteoce

peptone, 0.1 per cent X HPO, ond 0.05 per cent iron citrste in ag
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The sernloricnl wors was carriad on with anticera from rabiits. The
antifens used for the oroduction of the antiscra were phenolized (.5 per
cent) susrensions in physinlorical soline but were not heet “illed. The
anticans wer:z of a cdencity comarslle to a No. 2 #Helarlarnd Henholomctzor.
Intravenous injections vese made on three successive deys of erch wegk until

the meximum titre wes obteined. The cuantity of antizen was incresced fTrom

5 ml. to 3.0 ml. over a v:rind of three weelirs. The entiserunm weac precerved

by rericzration., Th2 anticens used in the apclutination recctions vere mnde
in the snme manner cs thoze for injections. The acrlutination recctions

vere mede in the following manter. The entigen in s2line was added to 8
tutes, 2 ml. in the firct and 1 ml. in the rest. One tenth of the anti-

o
L

serum was added to the firut tube contiinine 2 ml. of antizen., Sericl
dilutions ‘ere made by t:liing 1 ml. from the first tube &nd adding it to
the second. In this way, dilutions o7 1:20, 1:40, 1:30, 1:140, 1:320, 1:640

and 1:1230 were obtained. The cizhth tube served as & control.

Tests for species-speciflic and crouv-specific anlicans vwere run. The

D)

I or speocics-snecilic antigen was prevared as Tollows: the twenty-four hour
grovth from beef-inTusion azar in nint Blzke bottles wrs rusmended in 20 to

y

30 ml. of .%5 per cent salt colution conteining 0.2 per cent formzlin. After
the micro-organicms had been killed the turbidity waos adjusted to corrssncnd
to E’-aSO4 standard No. 3 by the addition of szlt solution containing 2.0 per
cent formelin.,

The 0 or group-specific antigen was prenared by vwashing the grovth in

10 ml, of 0.85 ver cent salt colution containing 0.5 ver cent phenol. The

growth from severel bottles was cormbined and one-half the volume of abcolute
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alcohol or a vroportionel amount of 95 per cent alcohol was added slovly,
vhile the suspension was constantly stirred. It was then allowed to remain
at a temperature of 37°C for about 18 hours, after which the supernatant
fluid was decanted and tested for bacterial growth and agglutinability.
After determining the dilution necessary to secure a density equal to that
of BaSOA standard No. 3, sufficient alcohol was added to the concentrated
suspension to give 2.5 per cent in the diluted antigen, which should contain
not more than 0.04 per cent phenol.

The agglutination reactions with these antisens were made in the same

manner as those previously described.
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Tvpicel Coliform Drrinisns

"Irregular" Coliform Qrcenisms

A total of 254 coliform cultures which ferment lactose and dextroce

with the productiion of acid and gas in 24 to 48 hours was classified accor-

ing to the methyl rad, Voges Proskaousr and Koscer's citrete tests. As
shown in tables 1 and 2, a total of 89 (34.6 per cznt) of these orcanisms
was Cound to be E. coli, 94 (36.5 per cent) A. acroc-nes, and 71 (28.8 per
cent) were "irrecular™ to thece teste.

This relatively hish vperc=antege of "irregulzr" orgenisms confirms the
vork of Trance (10) vho found 23.7 per cent of the "irregular" coliform
orcanicms in weter. Previously, Bahlman (3) had found only 15.3 per cent
to be M"irresular" of the cultures isolatea from woter. The variation in the
results “ound by France (10) and the author as compared with +het o Behl-
man (3) is probebly caused by a basic differance in the source of the vater
from vhich the samples wers tiksn. For examnle, it is believed that there
is a smaller nercentage of "irregulzr" orgenisms in fresh feceg than in
cultures isolatzd “rom water suprlies. Koser (19) found a smaller number
of "irreguwler" organisms in polluted pesture soil than in virzin soil, «nd
Parr(22) in 1936 stated that there vwere less "“irresulsar" orgenisms in frech
feces than in water.

Table 3 shows that the majority (54.9 per cent) of the 71 "irrecular"
organisms found in this group isolated from various water suphlies were

citrate positive, methyl red positive and Voges Prosiizucr negctive. As high

as 35.3 ver cent vere vnocitive to all three testc. Seven per cent vere
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Table 1

Classification of coliform organisms which ferment lactose and dextronse #*

Culture Koser's citrate Methyl red Voges—-Proskauer
1l - + -
3 + + -
5 - + -
7 + - +
8 + - +
9 + - +

10 - + -
11 - + -
12 - + -
13 - + -
14 + - +
15 - + -
16 - - +
17. - + -
19 - + -
20 - + -
21 + - +
23 + + -
25 + + -
26 + - +
33 - + -
35 + + +
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Culture Koser's citrate Methyl red Voges—-Proskauer
40 + + -
JAl + + -
42 + + -
43 + - +
L4 - + -
46 + - +
55 - + -
56 - + -
61 + + -
62 - + -
70 - + -
LF] - + -
90 + - -
91 + - +
92 + - +

102 - + -
104 - + -
107 + + +
108 + + -
109 - + -
115 - + +
132 + - -
12 + - +
143 + - +




Culture Koser's citrate Methyl red Voges-Proskauer
14 + - +
145 + - +
146 + - +
149 + - +
160 + - +
164 + + +
165 + - +
167 + - +
171 + - +
17 + - +
17 + + +
178 + - +
17 + - +
182 + - +
185 + - +
189 + - +
203 + - +
205 - + -
208 + - +
215 + - +
229 - - +
221 + - +
223 + - +
239 + + +
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Culture Koser's citrate Methyl red Voges—Proskauer
226 + + -
245 + - +
278 + + -
291 + - +
241 + - +
292 + + +
299 + + -
231 + - +
298 - + -
295 + + -
258 + + +
296 + + -
294 + + +
261 + - +
267 - + -
260 + + -
281 - + -
283 - + -
297 + - +
279 + - +
280 + - +
285 + + -
287 + + +
286 + + =
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Culture Koser's citrate Methyl red Voges-Proskauer
288 + + +
289 + + +
290 - + -
277 - + -
2% - + -
242 + - +
R75 - + -
268 + + -
269 - + -
7L - + -
238 - - +
192 + - +
193 + - +
342 - + =
343 - + -
344 - + =
345 - + -
346 - + -
348 + - -
349 - + -
350 - + =
351 - + =
352 - + -

- + -

353
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' Voges-Proskauer

Culture Koser's citrate Methyl red
354 - + -
355 + - +
356 - + -
357 + + -
358 + - +
359 + - +
360 + + -
361 - + -
362 + - +
363 + - +
36/ + - +
365 - + -
368 - + _
367 + + +
369 + - -
370 + + -
371 - + +
372 + + +
374 - + -
375 + + -
376 + + +
377 - + -
278 - + -
279 + - +
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Culture Koser's citrate Methyl red' Voges—-Proskauer
380 + + +
38 - + _
382 + - +
384 + + -
385 + - +
386 + + -
387 + + -
388 + + -
389 + + -
390 + + -
391 + + -
392 + + -
393 + + -
399 + - +
400 + + -
301 - - +
302 + - +
304 - + -
306 - + _
307 + + -
308 - + -
310 - + _
311 + - +
300 - + _
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~ Culture Koser'!s citrate Methyl red Voges—-Proskauer
312 + - -
313 + + -
314 - + -
315 - + -
316 + + -
318 - + _
319 - + -
320 - + -
217 + + -
322 - + -
323 - + -
324 - + -
325 - + -
326 - + -
328 + + +
327 - + -
329 + + +
330 - + -
331 + + -
321 + + -
340 - + -
339 - + -
338 - + -
337 - + -




20

Culture Koser's citrate Methyl red Voges-Proskcuer
336 - + -
335 - + -
334 - + -
333 - + -
332 - + -
513 - + -
512 - + _
510 - + _
509 - + -
507 - + -
504 - + -
523 + - +
518 - + -
517 - + -
516 - + -
522 - + _
532 + + +
531 - + -
530 + - -
529 - - +
528 + - +
527 - + -
526 - + _
542 + + -
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Culture Koser's citrate Methyl red Voges-Proskauer
544 + - +
545 + + -
303 + - +
597 + - +
585 + + +
593 + - +
588 + + +
594 + - +
583 + - +
595 + + +
5% + - -
607 + - +
612 + + +
625 + - +
629 + + +
601 + - +
600 + - +
620 + - ¥
592 + - +
590 + - +
589 + - +
615 + - +
631 + - +
609 + - +
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Culture Koser's citrate Methyl red Voges-Proskauer
622 + + +
602 + - +
61/ + + +
599 + - +
628 + - +
623 + + +
618 + + +
* Source of cultures used:

Connecticut Stete Department of Health, Hart®ord, Connecticut.

Petroit Board of Vater, Detroit, iichizan.

The Tlint VWater Filtretion Plant, Flint, Michigan.

Highland Park Filtration Plant, Hi~hland Park, Michigan.

Indienapolis Water Board, Indianapolis, Indiana.

Maryland State Department of Health, Baltimore, Maryland.

Minnesota Ctate Department of Health, ilinnsapolis, Minnesota.

Quebec Province of Health, Montreal, Quebec.

Pennsylvenia State College, State College,.Pennsylvania.

Saginaw Voter Filtration Plant, Saginaw, iichigan.

Devartment of Bacteriology, Stan”ord University, California.

Department of Bacteriology, University of Pennsylvania,
Philadelphia, Pennsylvania.

¥est Virginia State Department of Health, Charleston, West

Virginia.



Teble 2

Classification by perc:nteges of the coliform organisms

vhich ferment lactose and dextrose (sumrmearized from table 1)

Organism Totul number Per cent
Escherichia coli 89 2.6
Lerobacter aerogenes 94 36.5
"Irregulars" yAS 23.8

Tzble 3

Relative percentages for the different types

of "Irreguler" organisms (sumnarized from Table 1)

Tests used | Number of
Citratd Ifethyl red| Vores-Proskauer cultures Per cent
+ + - 39 54.9
+ + + 25 35.3
- + + 2 2.8
- - + 5 7.0
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citrate negative, methyl red negative and Voges Proskauer positive. Very
few (2.8 per cent) were citrate negative, methyl red positive and Voges
Proskauer positive.

This confirms the work of Parr (29) who in 1938 also found the citrate
positive, methyl red positive and Voges Proskauer negative group to be the

one in which most "irregular" organisms are classified.
The Accuracy of Eosin Methylene Blue Agar

A correlation was made between the original classification of the
typical coliform organisms by the eosin methylene blue agar plate method
and the results obtained by the citrate, methyl red and Voges Proskauer
tests. According to tables 4 and 5, out of a total of &9 typical E. coli
cultures only 60 (67.5 per cent) formed characteristic colonies as observed
by various technicians in laboratories over the country. Out of a total of
75 A. aerogenes cultures only 34 (45.3 per cent) had produced characteristic
colony formations on E. M. B. agar.

These results are much lower than those found by Levine (22) in 1921.
He stated that E. coli could be identified in 96.9 per cent of the times
in contrast to 67.5 per cent as found by the author. Levine (22) also found
an accuracy of 82.4 per cent for A. aerogenes in contrast to the 45.3 per
cent reported here.

Levine (22) reported that eosin methylene blue agar could be used to
identify colonies of E. coli and A. aerogenes with almost 100 per cent
accuracy. This mey easily be the case with the experienced worker. However,

this differential medium is being used by laboratory technicians all over
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the country and, as the data of these workers compilad here show, they are
not getting the accurate results that Levine (22) obtained. These tech-
nicians were 67.5 per cent accurate in the identification of E. coli, which
is only 17.5 per cent better than pure speculation. In the identification
of A. aerogenes colonies they were accurate in /5.3 per cent of the cases,
which 1s not as good as guessing.

Since the data are compiled from the work of meny technicians, it
clearly shows that eosin methylene blue agar should not be used routinely

in the laboratory as a means of differentiating E. coli from A. aerogenes.
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Table 4

Comperison of the cecsignation of coli”orm organisms on

eosin methylcne blue agar and their complete identification

Organisms Original identificution | Final identification
1 E. coli 5. coli
5 E. coli E. coli
7 E. coli A. aerocenes
8 A. merogenes A. aserogenes
9 E. coli A. aerogenes
10 E. coli E. coli
11 E. coli E. coli
12 E. coli E. coli
13 E. coli E. coli
14 ? A. aerogenes
15 ? E. coli
17 A. aerojenes E. coli
19 E. coli E. coli
20 E. coli E. coli
21 Confluent A, aerogenes
26 E. coli A. egerogenes
33 Atypical E. coli
43 Confluent A. aerosenes
YA E. coli E. coli
46 Atypicel A. aerogenes
55 E. coli E. coli
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Organisms Originel identification | Finsl identification

56 E. coli E. coli

62 E. coli E. coli

70 E. coli E. coli

75 A. aerogenes E. coli

91 A. aerogenes A. aerogenes
92 Atyvical A. aerozencs
102 E. coli E. coli
104 E. coli E. coli
109 Atyoical E. coli
142 E. coli A. acrogenes
143 Atypical A. aerogenes
144 Atypical A. acrogenes
145 Atyopical A. aerogenes
146 Atypical A. aerogenes
149 E. coli A. aerozenes
1460 E. coli A. aerogenes
165 E. coli A. aerogenes
167 E. coli A. aerogenes
171 A. aerogecnes A. aerorenes
172 Atypical A. aerorenes
178 Atypicel A. aerogenes
17 A. aerogenes A. aerogenes
182 E. coli A. aerogenes
205 A. eserogenes E. coli
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Organisms Original identification | Final identification
267 A. aerogenes E. coli
278 Confluent E. coli
279 Confluent A. aerogenes
281 A. aserogenes E. coli
298 E. coli E. coli
300 E. coli E. coli
302 A. aerogenes A. aerogenes
303 E. coli A. aerogenes
304 E. coli E. coli
306 E. coli E. coli
308 E. coli E. coli
310 A. aerogenes E. coli
211 A. aerogenes A. aerogenes
314 A. aerogenes E. coli
315 A. aerogenes E. coli
318 E. coli E. coli
319 E. coli E. coli
320 A. aerngenes E. coli
322 E. coli E. coli
323 E. coli E. coli
324 E. coli E. coli
325 Confluent E. coli
326 E. coli E. coli
327 E. coli E. coli
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Organisms Original identification | Final identification
330 E. coli E. coli
332 E. coli E. coli
333 E. coli E. coli
334 E. coli E. coli
235 Aty»oical E. coli
336 A. aerogenes E. coli
337 E. coli E. coli
338 Atypical E. coli
339 E. coli E. coli
340 E. coli E. coli
382 Atynicsl A. aerogenes
399 E. coli A. aerogenes
504 E. coli E. coli
507 E. coli E. coli
509 E. coli E. coli
510 E. coli E. coli
512 E. coli E. coli
513 E. coli E. coli
516 Atypical E. coli
517 A. aerogenes E. coli
518 E. coli E. coli
522 E. coli E. coli
523 E. coli A. aerogenes
526 E. coli A. aerogenes
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Organisms Original identification Final identification
527 E. coli A. aerogenes
528 Atypical E. coli
531 E. coli E. coli
544 A. aerogencs A. aerocenes
583 A. aerogenes A. aerogenes
592 A. aerogenes A. aerogenes
54 A. aerogenes A. aerovenes
597 A. aerogenes A. aerogenes
529 Dew drop colonies A. aserogenes
600 A. aerogenes A. aerogenes
601 A. acrogenes A. acrogenes
602 A. aerogenes A. aerogenes
605 A. aerogenes A. aerogenes
607 A. aerogenes A. aerogenes
615 Confluent A. aerogenes
620 A. serogenes A. acrogenes
628 A. aerogenes A. aerogenes
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Table 5

Comparison of the designation of coliform organisms on eosin

methylene blue agar and complete cultural identification

(Sumnzrized from table 4)

Cultures Per cent
Number of correctly correctly
Orgenisms cultures identified identified
E. coli 89 60 67.5
A. aerogenes 75 34 45.3
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Atypical Coliform Orgcnisms

Cultural Characteristics

A number of so-called atypical coliform organisms were studied
both culturally and serologically in an attempt to discover vhether
these organisms should be consilered imvortant from a public hezalth
standpoint. Atypical coliform organisms are unlike the true coliform
organisms in thet they either do not ferment lactose with the production
of acid and gas or they ferment it slowly (a“ter 48 hours).

The 38 atypicel orgcnisms studied showed in generel the same cul-
tural reactions on the carbohydrates as that for the typical organisms.
Gelatin was liquifie? by only two of the cultures and none produced H.S.

2
Table 6 shows that some of the cultures react the same as E. coli

or:g. aerozenes to the carbohydrates tzsted. However, some of the strains
in addition to lactose do not attack one or more of the carbohydrates
which are usually fermsnted by the coliform organisms. The results were
more irregular on sorbitol and xylose then on eny of the other media
tested.

fter studying the reactions of these organisms on the carbohydrates
it is conceivable that all of these organisms are typical coliform organ-
isms in different stages of losing their fermentative abilities. They
.haVe not only lost their ability to ferment lactose but many of them
heve lost the ability to ferment also such things as sorbitol and xylose.

The reason for this graduzl loss in fermenting power is evident

when the source of these atypical cultures is noted. It was found that
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the samples from which these atypical organisms were obtained vere
teken from deep wells or chlorinated water supplies. Raw polluted
water supplies seldom showed atypical organisms. These atypical organ-
isms are probably forms which have degraded after a longz absence from
their natural habitat. The idea of a degraded form of E. coli and

A. serogenes is not new for it was mentioned by Parr (29) in 1936. He
suggested that A. aerogenés changes more than E. coli. This was con-
firmed by the author and is shown in tables 7 and 8. According to the
citrate, methyl red and Voges Proskauer tests 57.1 per cent of the
atypical cultures were found to be A. aerogenes, 2.9 per cent E. coli

and 40.0 per cent "irrecsular"®.

Serolozical Relationship Among Coliform Organisms

In order to show more conclusively that the non-lactose fermenters
are truly coliform, serological methods were used. First of all, the
serological relationship between various strains of typical E. coli
and A. aeroenes was determined in order to know what could be expected
from the atypical culturass. It was discovered that various strains of
E. coli are serologically heterogenous with a high degree of common
antigen shown only in 35 per cent of the cultures. The szme was found
true among typical A. aerogenes cultures.

Next, agglutination reactions were run with atypical antigens and
antiserun from various strains of typical E. coli and A. aerozenes.

Using E. coll culture No. 1 and 42 atypical antigens, agglutination was

obtained in a dilution of 1:80 or higher in only 17.6 per cent of the
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Teble 7

Cultural identification of atypical coliform organisms

Organisns Koser's citrate Methyl red Voges-Proskauer

514 + - +
80 + - -
250 + - +
201 + - +
515 + - +
183 + - +
556 - - +
524 - + -
540 + + -
541 - - +
6 + - +
555 + - -
4 - - +
573 + - -
366 + - -
251 + : - +
536 - - N
568 + - +
577 + - +
563 + - +
567 + - +
578 + - +
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Organisms Koser's citrate Methyl red Voges-Proskauer
566 + - +
572 + - +
570 + - +
564 + - -
565 + - +
562 + - +
57% + - +
561 + - +
_73 - + +
265 + - +

37 - - +

50 - - -

72 - - -
TaBle 8

Cultural identification by percentages of

organisms (summarized from Table 7)

atypical coliform

Organisms Number of cultures Per cent
A. aerogenes 20 57.1
E. coli 1 2.9
Irregular 14 40.0
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cultures. Using other typical E. coli antisera the percentage was

even lower. On the other hand, A. aerogenes was found to have a much
closer rclationship. In table 9 it is shown that A. aerogenes culture
No. 1 with as high as 19 cultures out of 42 tested (45.2 per cent)

showed agglutination in 1:80 or higher. Table 10 shows that A. aerogenes
culture No. 43 showed 10 out of 42 or 23.3 per cent of the cultures

with close antigenic relationship.

This shows that in general the atypiczl coliform organisms are
much more closely related to A. aerogenes than E. coli. On an average,
atypical coliform organisms are agglutinated in 34.5 per cent of the
time by typical A. aerogenes antiserum. This is the same relationship
which was found to exist between A. aerogenes serum and typical eerogenes
antigens.

A mecroscopic egclutinin absorption test was run with the atypical
antigens which aggzlutinate the A. aerogenes No. 1 antiserum. Species
specific or formalin treated antigens and group specific or alcohol
treated antigens were used. According to table 11 both species specific
and group specific antigens were found to be present in 10 out of the

16 cultures tested.
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CONCLUSION

A total of 254 typical coliform cultures were classified according
to the citrate, methyl red and Voges Proskauer tests. As high as 28.8 per
cent were found to be irregular. This almost exactly confirms the work
of Parr (29). The "irregular" organisms most cormonly found are of the
citrate positive, methyl red positive, and Voges Proskauer negative group.

The accuracy of eosin methylene blue agar for the differentiation of

E. coli from A. serogenes by laboratory technicians was determined. It

was found that E. M. B. agar is not satisfactory for the differentiation
of these organisms in routine laboratory analyses.

Most of the atypical coliform fultures were found to be identical
culturally with the typical organisms except for their fermentation of
lactose. Some of the strains have also lost the ability to ferment one
or more of the other carbohyirates. It was concluded that these so-called
atypical coliform organisms are merely a degraded form of the tynical organ-
isms and, therefore, have Jjust as much sanitary significance.

According to the citrate, methyl red and Voges Proskauer tests, it was
found that these atypical organisms largely react as A. aerogenes. That
atypical coliform organisms ars mainly A. aerogenes was also shown by using
serological methods. In addition, agglutinin absorption tests showed both

group specific and species specific antigens present for A. aerogenses.

- —
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49
SUTMARY

29 per cent of the coliform organisms in water supplies are "irregular"
types.

The citrate positive, methyl red positive and Voges Proskauer negative
organisms are the most common group found.

Eosin methylene blue agar cannot be accurately used by laboratory tech-

nicians as a means of differentiating E. coll from A. aerogenes.

Atypical coliform cultures are probably degraded coliform organisms.
Serologically, atypical cultures are frequently shown to be A. aerogenes

and seldom E. coli.
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