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PREFACE

Perhaps the detection of gram-negative bacilli in feces is one of
the most complicated bacteriological problems which a clinical labora-
tory encounters, The isolation of these organisms, whether they are
pathogenic or non-pathogenic, is attended by many technical pitfalls,
Intelligent and careful work 4is required in the identificztion of
species of medical significance, From a olinical point of view, the
rapid grouping of gram-negative bacilli as to genus is important, so
that the clinician will be able to institute therapy as soon as
possible. A statement, made by a pedistrician, that too much time was
consumed in the culturing of stools, presented the challenge which led
to the present investigation.

The writer wishes to express her appreciation to the staff of the
Department of Bacteriology of the Oklshoms Agricultural and Mechanieal
College for their helpful advice and criticism, especially to
Dr, Thurston L. Johnson and Miss Zana Skidmore, Members of the medical
staff of the Stillwater Muniscipal Hospital, Stillwater, Oklahoma, have
also offered many helpful suggestions, Grateful acknowledgment is made
to Dr. Florene C, Kelly of the Department of Bacteriology of the
University of Oklahoma, School of Medicine, Oklahoma City, Oklahoma,
for her encouragement and helpfulness. Last, but not least, to the
innocent babies, who were victims of ecircumstances, as well gs their
kind and patient mothers, the author is greatly indebted,
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I INTRODUCTION

The study of the occurrence and the succession of gram—negative
bacilli in the intestinal tract of the newborn during the first five
days of life was undertaken from two points of view. The first was to
ascertain what constitutes normalcy of the intestinal flora in new=
borns. The second aspect of the study was to determine simplified
‘methods whereby reports on stool cultures could be given more quickly,
yet accurately. The dilemma of the bacteriologist is a real one., If
he insists on accuracy at all costs, his reports may be several days
too late to be of any practical wvelue. If he attempts to give a
rapid report, he may find the sowcalled "short-cuts" disastrous,
While the author was interested in the statistical data, the greater
concern was to establish a few criteria whereby a tentative report
eould be given to the physieian so that proper treatment could be ine
stituted, and in the meantime further identification of the organisms
involved could be made,

This problem grew out of a challenge made by a medical man to a
laboratory technician that cultures of feces on infants and younger
children were not requested more frequently because of the length of
time required to complete the identification. Stool cultures are time
consuming. Practices adopted must give assurance of thoroughness and
accuracy. This has necessitated the sifting of known methods, which
are legion, and the selection of those methods which will help in this
rapid identification.



The subject matiter of this paper mekes no pretense of presenting
new methods. The aim wes to use common culture media aveilable to any
medical laborstory, and to employ such tests vhich would require only

simple loboraotory equipmente.



II REVIEW OF LITERATURE

Breslau (1866) first observed microscopieally the early invasion
of the intestinal tract of newborn infants., A few years later
Billroth (1874) and Nothnagel (128l) confirmed his work. Nothnagel,
using iodine as a stain, tried to identify Saccharomyces ellipsoideus,

Bagillus gsubtilis, and the so-called (Clostridiup of Pragmowski,
Bienstock (188,) severely eriticized Nothnagel for his failure to use

"modern" staining and cultural methods of Koch. With these methods
Bienstock made beautifully colored plates of fecal baecilli with red
spores, but one wonders why he failed to discover Bagillus goli (now
Escherichia goli), for, if he never had it in pure culture, his records
certainly failed to prove it, Had he known Gram's method of staining,
which was reported in the same year, he might have discovered the
bacterium.

However, the first systematic study of intestinal bacteria is
attributed to Escherich (1886), who made an extensive investigation of
the microorganisms in infants' stools., Escherich utilized Gram's
method of staining and Koch's method for the isolation of bacteria on
s0lid media, and thus laid the real foundation for the modern concept
of normal intestinal bacteriology. He showed that, even if no organisms
can be demonstrated microscopically, their presence c¢an be shown
culturally as early as the fourth hour, He likewise demonstrated that
whereas the flora of the first day was usually simple, that of the

succeeding days became more oomplex. He reported finding Baecillus



coli, Bacillus gerogepes, Beclllug subtilis, other sporulating becilli,
and yeasts, Moreover, he observed that this flora ochanged about the

fourth day when the meconial stool had been replaced by the yellow,
mueoid, asecid-milk stool. In direet examination of the milk-stool he
found that slender, gramulsr-staining, gram-positive, non-sporulating
rods greatly predominated. However, when agar plates were inoculsated
with these milke-stools, the grame-positive bacteria rarely appeared, but
only the gramenegative bacilli, Bacillus goli and Bacillus gerogenes.
This enigme Escherich attempted to solve by assuming that the staining
reactions of these organisms were altered in the intestinal tract.
Although Escherich had observed the predominance of gram-positive rods,
probably lactobacilli, in the feces of infants, he failed to isolate
two which later aroused considerable interest, Bagillus bifidus and
Bacillus goldophilus, and are now known as Lactobaclillus bifidus and
Lactobacillys geidophilus. Schmidt (1892), under the guidance of
Escherich, attempted to show that the difference in staining abilities
was due to the fat in the feces; however, the bacteria grown on butter
agar and butter gelatin were still gramenegative. He concluded that,
despite the staining differences, the two types were growth forms of
the one and the same species, although he knsw that Bienstock in 1884
had grown fecal gram=positive organisms anaerobically.

The tinctorial discrepancy between bacteria in milkestools stained
directly and those from serobic ocultures, found its true explanation
in the isolation of Bagillus bifidus by Tissier (1899), and of
Bacillus gcidophilus by Moro (1900), Tissier (1905) noted the presence
of the following organisms in a five~year old childs Baeillus bifidus,
Beelllus geidophilus, the enterococel, Bacillus coll, Bacillus exills,



and Bgeillus III of Rodellg. These he regerded as the constant funds-
mental flora. Besides these, he observed the following variable,
secondary flora which he reported to be: Bacillus perfringeps,
Staphylococcus parvulus, Bacillys fupdiliformis, Baclllus capllosus,
Bacillus ventriosus, Coccobagillus praecutus, Coccobacillus oviformis,

Diplococcus orbioulus, and different yeasts.
Tissier (1905),in a review of his work on the newborn's intestinal

flora, discussed the development of the infent fecal flora in three
phasess (1) aseptic, (2) incressing infection, and (3) transformation,
In his dissertetion, Escherich (1886) had stated that the meconium of
the infant was sterile, and bacteria did not appear until 4 hours after
birth in the sumer and after 17 hours in the winter months, This
period is probably what Tissier termed as the "aseptic phase".

In their investigation, Hymanson and Hertz (1917) reported that
9 out of 39 meconia, collected by rectal swabs shortly after birth and
streaked out on serum glucose agar, contained bacteria,

Burrage (1927) reported that the examination of nearly 100 samples
of meconium showed the presence of bacteria in about 38 per cent of the
specimens, In the positive cases, which were called such only if a
large mmber of organisms was present, Bgcillus goli was found in pure
culture in about 50 per cent. The other positive cases usually cone
tained a staphylococcus in pure culture, but there were a few mixed
cultures containing two or three species,

Hall and O'Toole (1934) made a study of the bacterial flora of
firat specimens of meconium passed by 50 newborn infants. They showed
that, upon microscopic examination, bacteria were absent in 94 per
cent of the first specimens of meconium. In about 38 per cent of the



first specimens of meconium, zerobic bacteria were demonstrated cultur-
ally. Although only 13 per cent of the specimens passed during the
first five hours contained bacteria, the percentage rose rapidly to
100 per cent during the first 24 hours of life. According to this study

the predominating bacteria were white picrogoecci and Bagillus _coli.
Sporulating bacilli and streptococeci were rare, Of considerable intere

est and note was the faet that Bagillus paratyphosum B end Clostridium
welghii were reported once in 50 first specimens,

Snyder (1936) made a similer study of the bacterial flora of
meconial specimens collected from 64 infants within 4 hours after de=

livery. The species isolated were: Lgctobacillus gcidophilus, Bacillus
goll, Streplococcus pyogemes, Streptococcus mitls, Bacteroldes, Micro-
gogeus epidermidis, gpd Streptogoccus faecalis. He concluded thet pre=
natal bacterial invasion of the intestinal tract does occur in a small
percentage of cases,

The organisms appearing in breast-fed infants in the phase of
inereasing infection, i.e,, the first two or three days of life were

found by Tissier (1905) to be: white gtaphylococci, Bagillus perfrip-
gens, Bagcillus III of Rodells, and other spore-beering anserobes. This
diversified flora reached its height on the third day and was then
mostly replaced by Bacillus bifidus. In bottle-fed infants the phase
of inereasing infection and transformation was greatly prolonged, and
the flora of the latter period presented a variable picture composed of
the same organisms listed above, but with hone predominant. The most
significant fact in Tissier's work was his conclusion that the diet of
the infant, rather than the age, controlled the fecal flora. A similar

extensive review by Moro in 1905 stated that Bagillus bifidus, Bacillus



gold, Bacillus gerogepes, Baclllus scidophilus, the pop-motile buiyric-
gedd bscillus, end the intestinal gireptococci were the constant ine
habitants of the breast-stool., At the same time Moro deseribed the

aerobic acid-tolerant form, Bgeillus acidophilus, which he believed was
the predominant grame-positive organism in the stool of the weaned baby.

Other investigators, such as, Cahn (1901), Sittler (1308),
Logan (1914), Adam (1921, 1922, 1922b), Rettger and Cheplin (1921),
Brown and Bosworth (1922), Cruickshank and Berry (1924), Cruickshank
(1925), Kopeloff (1926), and many others have attempted with more or
less success to clarify the picture established hy the earlier workers.

Neujoks (1921) showed that the majority of pregnant women harbor
Bagillus acidophilus in the wvaginal secretions, hence practically every
infant acquires this organism at birth,

In 1933 Eggerth and Gagnon (1933) reopened a neglected field cf
bacteriology by showing that non-sporulzting anaerobes, the Bagteroides,
were probably the most frequent bacteria in the feces,

Following their first work on the bacterial flora of meconia, Hall
and 0'Toole (1935) made an investigation of the daily microbial changes
in the feces of normsl breast-fed infants during the first 10 days of
life. While 7 babies passed sterile specimens on the first day, bac-
teria were present in all specimens by the second day. The following
species were representeds Micrococous albus, Miorogocous capdidus,
Microgocous epidermidis, Sireptococcus faecalls, Streptogoocus milkis,
Becillus goli, Bacillus serogenes, “Kopfepbacterien” and the lagho-
becilli. All these appeared at some time during the first 10 days in
more than 50 per cent of the infants studied.

Snyder (1940) reported a study he made of the development of the



normal fecal flora of infants between two weeks and one year of age.
In this work it was noted that the following species occurred in more
than 25 per cent of the stools exsmineds (1) Bacillus goli, 93.4 per

cent; (2) Streptococcus faecalls, 78.5 per cent; (3) Clostridium
welehil, 68.7 per cent; (4) Bacillus fertius, 51.6 per cent; (5) Bagter-
gides, Group I, 47 per ocent; (6) Bagillus _serogepes, 44 per cents
(7) Streptococcus mitds, 29.7 per cent; (8) Micrococous epidermidis,
2644 per cent; (9) Lactobacillus bifidus, 24.2 per cent., It is the
common finding that the Lactobacillus bifidus is uniformly present in
stools of marslings and is predominant in supplemented breast-fed
babies. Snyder concluded that the expectancy of finding any bacterial
species in the feces; except possibly the gtreptococei, would depend
not so much on the child as on the diet. There is no question but that
the breast milk is inhibitory to the growth of sporulating anserobes in
the intestines of the infant. Snyder recovered only four strains of
Clostridium welchii from the stools of breast-fed infants. However,
whenever the infants received supplemental feedings in addition to
breast-feedings, then a variety of bacteria appeared in their stools,
The s-acuharol,ytio forms were far more common than the proteolytic
varieties, The gramenegative, non sporulating anaerobes were isolated
with far more regularity after weaning then before. The mierogocci
seemed to be encountered more frequently in the early period of supple=
mented breastefeeding than in later months,

In an investigation of the initial aerobic flora of premature in-
fants, Torrey and Reese (1944) found that of the 85 infants from whom
nasopharyngeal cultures were obtained, 3.5 per cent showed the
presence of some member of the colon group on the first day of life,



and 13.5 per cent were positive for coliform organisms within 3 days.
The 31 strains which were classified were divided as follows:s Escher=-
ichia coll commupls, 75 per cent; Escherichis goll gcommunior, 20 per
cent; and Aerobacter gerogenes, 6 per cent. The suthors showed that the
primary implantetion of the intestinal tract of newborns with Escher-
ichia goll was not of oral origin as might be supposed. Specimens from
the oral and rectal regions were cultured daily from the time of birth,
The rectal specimens were teken on swabs and plated on Levine's EMB
lactose agar. They showed that in 19 infants the first rectal cultures
which were positive for Escherichis g¢oli antedsted the positive oral
cultures. They likewise found that in 8 of the 19 infants or 42 per
cent, glgha streptococei with proteolytic action on milk and gelatin
were encountered with surprising frequeney in the initisl rectal flora,
In 7 of the 8 cases in which they were obtained, these organisms were
present within 3 days after birth. The strains produced no hemolysis
on blood agar, but rather a green diseoloration. Sherman, Stark, and
Mauer (1937) recommended that this hemolytic, proteolytic strepto=
coccus be designated as Sireptogoccus faecalls, var. llguefaciens.

In a more recent study, Ress (1950) found by direct microscopical
examination that a gramepositive bacillus comprises almost 100 per cent
of the flora of the breast-fed infant. This is probably the organism
which Tissier first described and named Bagillus bifidus gommupis. On
the other hand, the miercscopiec picture of a smear made from the feces
of an artificially-fed infant presents a greater variety of bacteria
including gram~positive and gramenegative cocci and baecilli.



IITI EXPERIMENTAL

A. METHOD AND PROCEDURE

The specimens were obtained by means of rectal swabs, Rubber tube
ing with an inside diameter of 3/16 inch and a wall thickness of 1/16
inch was ecut to a 6-inch length. One end of the tubing was beveled %o
an angle of approximately 30°. A4n applicator stick with a cotton swab
just lerge enough to pess through the tubing was inserted into the tube
so that the swab-end was just back of the beveled edge. One other sweb
was placed into the test tube, together with the aforementioned swab,
and both were autoclaved at 15 1lbs, pressure for 20 minutes.

The rectal swab method was used because the technique is simple,
easy to perform and readily adaptable for use in the home, office, and
hospital. There is less danger of contamination than in the use of the
diaper method. Individusl swabs in sterile test tubes assure immediate
eollection of material and eliminate many of the cumbersome and un=
pleasant pheses of the collection of the conventional fecal specimen.
Fischer (1947) made a comperative study of the value of the rectal
swab and the conventional method, and concluded that the two appear to
be of comparable value for bacteriological studies.

In order to obtain the specimen the baby was placed in the knee-
chest position. Sterile K-Y jelly was applied to the outer surface of
the rubber tubing. The skin around the anus was cleansed with a cotton
pledget sosked in a 1:1000 solution of Phemerol. After ascertaining
that the sweb was back in the tube, the pointed end of the tube was

10
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gently inserted into the anal canal to a depth of about two inches,
Holding the rubber tubing in place, the swab was gently forced through
the beveled end so that it ocame in contact with the mucosa. After
making three or four turns with the applicator and still holding the
tube in place, the swab was withdrawn and a direct smear wes made. The
second swab was inserted and another specimen was obtained.The swab was
then brought back into the rubber tubing, and both tube and swab were
withdrewn. With this last swab, brain-hearteinfusion broth was ine
oculated.

After three to four hours' incubation, streak plates were made on
nutrient agar, blood agar, and eosin-methylene-blue (EMB) ager, from
the braineheart infusion broth, 411 plates were incubated at 37° G,
for 24 hours, Discrete colonies were picked from the nutrient, blood,
and EMB agar plates after 2/ hours' incubation and were transferred to
nutrient agar slopes. These slopes were incubated at 370 C, for 24
hours, After this period, direct smears were made from the agar slants
and stained by the Gram's method to determine the purity of the
culture and to indicate further steps in the identification process.
All gramenegative bacilli were inoculated into lactose broth, dextrose
broth, and sucrose broth (phenol-red broth base [Difeo] plus 0.5 per
cent carbohydrate). The carbohydrate broth tubes were examined at the
end of 24 hours and again at the end of 48 hours. If at the end of 48
hours no fermentation was evident, the carbohydrate cultures were re-
incubated for one week before a negative ~fermentation reaction was
recorded, Also from these nutrient agar slopes, Kligler's iron agar,
as well as tryptone broth, MR=VP broth, and Simmons' citrate ager were
inoculated and all tubes were incubated at 37° C. for 24 hours,
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except the MR-VP broth, which was incubated for 48 hours, The Kligler's
iron agar slopes were examined at the end of 24 howrs' incubation. The
organisms that had produced acid and gas in the butt, but showed neutral
or alkaline reaction in the slant, were inoculated into urea broth, 411
uresse-splitters were transferred into meltose and mannite broth (phencle
red broth base plus 0.5 per ocent carbohydrate). The organism was con-
sidered negative for urease production, if no change in the urea broth
was evident after 2/ hours.

B. CULTURE MEDIA USED IN THIS STUDY

Nutrient agar is a general culture medium used for the cultivation
of the majority of the less fastidious miecroorganisms., It is also added
a8 a base %o & varisty of materials to give selective, differential, or
enriched media, It is recommended by the American Public Health As-
sociation and the American Water Works Association for the examination
of coliform orgenisms in water supply. It is used for the ordinary
routine examination of weter, sewage, and food productsy and for the
carrying of stock cultures.

Blood agar pletes were utilized to atudy the hemolytic character-
istics of colonies. The blood agar base (Difeo) employed was slightly
aeid in reaction, It is believed that the slightly acid reaction
(pH 6.8) permits the development of clearer szones of hemolysis than
does an alkaline reaction (Norton 1932). Approximetely 0.5 ml. of
sterile whole human blood was added for every 10 cc. of melted blood
agar base,

Hutrient gelatin was inooculated for the detection of proteclysis
as evidenced by the liguefaction of gelatin.
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Simmons' citrate agar is a medium used in the differentiation bee-
tween members of the coli and the aerogenes groups on the basis of
citrate utilization. Strains of Escherichia goli either do not grow at
all upon this medium, or else grow so scentily that no change in re=-
action is apparent. The medium usually prepared as slopes, is inocu-
lated by either stsb or stresk, end is incubated at 37° C. Growth is
shown by colony formation and is usually accompanied by a eolor change
of the indicator, brom thymol blue. Strains of Aerobacter gerogenes
grow luxuriantly upon this medium, producing alkali and changing the
medium from its original green to a deep blue within 24 to 48 hours
(approximate pH change from 6.8 to 7.4 or more).

To braineheart infusion broth & smell amount (0.l per cent) of
agar, was added to enhance the growth of bacteris. Common forms ore
dinarily considered easy to cultivate appear to be aided by the
presence of a small quantity of agar. Hitchens (1921) and Simmons
(1939) showed that growth is initiated in a much shorter incubation
period in such media.

Urea broth was used as a differential medium for the detection of

members of the Proteus group, of Paragolobactrum gerogenoides, end of
FParacolobactrun intermedium,

For the study of carbohydrate fermentation, phenol-red broth base
to which had been added the desired carbohydrate, was used. The con=-
centration of the carbohydrates employed for testing the fermentation
reactions of bacteria was 0.5 per cent. The fermentative properties
of bacteria are valuable criteria in their identification. Phenol-red
broth base is a basic medium prepared with phenol-red as an indicator
of the changes in the hydrogen ion concentration (pH).



14

For the indol tests, Bacto-tryptone in a 1 per cent concentration
as specified in Standard Methods for the Examination of Water and Sewe
age (1946), was used,

The commonly accepted buffered glucose peptone broth (MR=VP broth)
was used in the differentistion of bacteria by means of the Methyl Red
test and the Voges-Prosksuer reaction.

Levine (1943) states that the eosin-methylene=blue agar (EMB) was
designed primarily for the purpose of differentiation of Escherichia
sell from derobacter gerogepes. He later found this medium equally
serviceable for the differentiation of the Salmonella-typhoid-dysentery
group from the coliform group. Colonies of enterie pathogens possess
a transparent amber color, or are sometimes colorless, while typical
colonies of the colon bacillus are blue=black and have a metallic sheen
when viewed by reflected light. Colonies of members of the ierobacter
group are pink. The medium is strongly inhibitory to gram-positive
bacteria,

Frobisher (1950) says that the selection of coliform colonies on
EMB plates is facilitated by three factors, namelys

(1) plates contain lactose, readily fermented and acidified by
these organisms.

(2) plates contain dyes, eosin and methylene blue, which inhibit
many other bacteria.

(3) acidification of the lactose under the lactose- fermenting
coliform colonies turns the dyes in the agar a distinetive
red, blue or purple color in and around each colony so that
it is easily recognized.

Kligler's iron agar is a modification of the lead acetate medium
deseribed by Kligler (1918). This medium gives fermentative reactions
similar to Russell's double sugar agar together with sulfide resctions.
The inoculation is made by streaking the slant and stabbing the butt of

the agar, Fermentation of dextrose is indicated by a change of the butt
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to a yellow color (acid reaction of phenol red). Coliforms generally
attack lactose and produce an acid resction in the slant as well as in
the butt of the tube. Blackening of the medium due to liberation of
sulfide is charescteristic of Proteus wvulgeris, and Proteus mirgbilis.
On the basis of hydrogen sulfide production this medium is useful in
the differentiation of Sglmonells typhosg from the other Sglmonella
and the Shigells groups. It differentiates Salmonella paratvphi
from Salmonella schottmuelleri end Salmonells emteritidis. Time mey be
saved by using Kligler's iron agar since this medium combines the prine
ciples of Russell double sugar agar and lead acetate agar. This one
medium, Kligler's iron cger, permits a differentiation of the grame
negative rods on the basis of their ability to ferment lactose or dex-
trose and to produce hydrogen sulfide,

C. ADDITIONAL BIOCHEMICAL TESTS

1. INDOL PRODUCTION

Indol is & substance resulting from the attack of bacteria upon
the amino acid, tryptophane. In this study, a 1 per cent concentration
of Bacto=-tryptone broth was inoculated with the organism and incubated
for 2, hours, After this period of incubation, the culture to be
tested was shaken with a few drops of xylol. Indol is soluble in xylol
and 1s concentrated in it. After a few mimutes of standing the indol
is carried to the surface by the solvent. A4 few drops of Erhlich's
reagent, were gently asdded to the culture from a pipette, with the tip
of the pipette at the junction of the broth and xylol layer. This in-
terposed a layer of reagent between the broth and xylol. If indol was
present a pink color formed in a few minutes as a ring at the junetion



of the xylol and the reagent.
Ehrlich's reagents
Para dimethylaminobénzaldehyd@..c....2 grams

umm. etbyl, 95‘.--.---.-.--....190 CCe
Hydrochlorie acid, concentrated.....40 cc,

2, METEYL RED TEST

The Methyl Red test has been used and probably still is the most
popular and widely used differential test in the study of coliform
orgenisms., The test was intreduced by Clark and Lubs (1915) end is
practically the same today as when originated. This test determines
the pH of a glucose broth culture after 2 to 4 days' incubation., The
acid-alkali indicator used in this test is methyl red(pH range 4.4~6).

Members of the Escherichis group produce acids in the buffered
glucose broth used for the Methyl Red test. These cultures remain
strongly acid for several days. When methyl red is added to the
culture after 2 to 3 days' incubation a definite red color results,
This is a positive Methyl Red test., On the other hand, streins of the
Aerobacter group possess the ability to attack the acids produced in
the primary fermentation of the glucose broth -aud convert them into
carbonates or other non-acid substances. The medium then reverts
to a neutral or alkaline reaction and gives a yellow color when methyl
red is added, thus indicating a negative Methyl Red test,

Approximately 10 ml, of MR=VP broth (BBL), in & 150 X 20 mm. test
tube, were inoculated and incubated for 48 hours at 37° C, After this
period of incubation, about 2 ml. of the culture were transferred into
a smaller test tube., Three drops of methyl red solution were added,
A positive reaction was indicated by a distinct red color, showing the

16
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presence of acid. A negative reaction was indicated by a yellow color,.
The indicator solution was prepered by dissolving 0.1 gram of Bacto-

methyl red in 300 ml. of 95 per cent of ethyl alcchol and by diluting

to 500 ml. with distilled water,

3« VOGES-PROSKAUER REACTION

Voges and Proskauer (1898) introduced a test that can be used to
distinguish between Aerobagter gserogenes and Escherighia goli. This re-
action tests for the presence of acetyle-methyl ecarbinol, which 1is one
of the intermediate products of dextrose fermentation. Escherichis goli
does not produce this substance, whereas jAerchacter gerogenes does. The
test as performed by Voges and Proskauer consisted in growing the organ-
isms to be tested in dextrose peptone kroth for 48 hours or more st 37°
Ce At the end of this time a strong solution of KOH or NaOH was added
to the medium and the test tube well sheken. The appearance of a pink
color after 6 hours was considered a positive Voges - Proskauer reaction
whereas, the absence of a pink color was a negative teat. Later this
technique was found to be unsatisfectory in many ways. Considerable
time was apparently necessary for the appearance of the pink color. In
many cases after the pink color finally did appear, it was so indistinet
that the results were difficult to interpret. In 1934 the Ministry of
Health of Great Britain, reported that the test as originally carried
out gave faint and indefinite reactions. The Standard Methods Committee
(1946) likewise, declared the test, as originally earried out, unsatise-
factory.

Harden (1906) worked out the chemistry of the Voges~Proskauer re-
action. The acetyl-methyl carbincl in the presence of a strong base and



air becomes oxidized to diacetyl which in turn probably reacts with the
erginine in the peptone producing a pink color, The original technique
vas modified by O'Meara (1931) by increasing the amount of the guani-
dine group reacting with the discetyl. This was sccomplished by the
addition of creatine to the culture together with potassium hydroxide,
This was a definite improvement, as the addition of the creatine cone
siderably - intensified the color chenge, However, the results obtained
were =till very inconsistent,

Barritt (1936) suggested the use of slpha=naphthol in the re=
action, His test consisted in growing the organisms in dextrose pep-
tone broth for 48 hours at 37° C, At the end of this time 0.6 ml. of a
5 per cent sclution of alpha-naphthol in absclute alcohol, and 0.2 ml,
of a 40 per cent solution of KOH were added to 1 ml, of the culture mee
dium, A positive reasction was indicated by the presence of a erimson
%o a ruby color within 2 %o 10 minutes, The method used in the pre=-
sent investigation was very similar to the one followed by Barritt,

To the remaining portion of the MR=VP broth, which had not been
used for the Methyl Red test, 1 ml. of a 40 per cent solution of po=
tassium hydroxide containing 0.3 per cent creatine was added and the
tube was shaken., Then 0.3 ml, of alpha-naphthol solution was added.
The contents of the tube were mixed and shaken vigorously on a Kehn
shaker for 5 minutes, It was found that it was necessary to zerate
the mixture thoroughly before a definite clean-cut reaction could be
noticed. After a S-mimite shaking the cultures were emamined, A posi=
tive reacticn was characterized by an intense pinkerose color,develop=
ing in & few seconds to ten minutes after the reagents had been added.
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Those tubes that showed & doubtful reaction were shaken for an additional



5 minutes before the final reading was made.

4o CITRATE UTILIZATION

Koser (1923) showed that the ability of an organism to use citrate
as its sole source of carbon, is a constant and reliable characteristic
of the orgenism. In his study, Koser pointed out that Escherichia goli
fails to develop while ferobacter serogepmes and Aerobacter cloacae
multiply repidly end produce a luxuriant growth, Slopes of Simmons'
citrate agar vere made and inochlated by streaking the slant and stabe
bing the butt, Cultures were incubated at 37° C, and were examined
daily for one week., At the end of this time, if no growth was visihle,
the cultures were read as negetive,

D, CLASSIFICATION AND IDENTIFICATION
Bergey's classification wes followed in this study. The family,
_Enterobacteriaceae, includes a large number of gram-negative, non-

sporulating rods whose natural habitat in most cases is the intestinal
tract of man and other animals. Bergey (1948) lists five tribes and
nine genera as belonging to this femily. An abridged outline of
Bergey's classification is given in Chart I.

CHART I: MEMBERS OF THE FAMILY ENTERUBACTERIACEAE

Family - Iribe : Genus
I. Escherichece Escherichia
derobacter
Klebsiella
Paracclobactrum
Enterobacteriacese | II. Erwineae Erwinias
|III. Serratese Serratia
IV. Proteae Proteus
V. Salmonelleae Salmonella and Shigella

19



Some members of this family possess definite pathogenicity for
man and are the cause of various types of gastro-intestinal diseases,
such as typhold (Selmonells) or dysentery (Shigella). The Escherichia
appear %o lead a saprophytic life in the intestinal tract, but may
cause pathologic conditions in various parts of the body, such as the
genito-urinary tract and the respiratory system. The Aerobacter group
is believed to occur most comonly 4in nature, although they may like-
wise be found in the humen body, Thus far the science of bacteriology
has not found simple differential criteria for these organisms, and
classification is based on morphological characteristics, biochemical
reactions, antigeniec properties, and ecological considerations. Fre=-
quently organisme fail %o exhibit all the characteristica of a single
group; appearing to occupy an intermediete position between the Escher-
ichia and the Aerobacter groups. These are known as the Intermediates.

4 primary differentiation of the Enterobagteriacegse is on the
basis of lactose~fermentation, The coliform bacteria which include
the coll, aerogenes, and intermediste types ferment lactose rapidly
with the production of acid and gas in 24 hours., Bacteria of the
Salmonells and Shigella do not ferment lactose, Chart II presents a
key to the more common species of the Escherichia and Aercbacter groups.

Differential tests used for the identification of these grame
negative, lactose-fermenting bacilli were: (1) indol production,

(2) Methyl Red test, (3) Voges-Proskauer reaction, (4) citrate utiliza-
tion. Parr (1936) referred to these <four most commonly used tests by
the mnemonic IMVIC, This mnemonic fixes in order the four tests so
that it is possible to write a formula for the organism described,
Thus, " + 4+ = = " is the symbol for the golon bacillus amd " = -« + + "



A.

B.
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CHART II
KEY TO THE ESCHERICHIA AND AEROBACTER GROUPS

Voges~Proskauer reaction negative, methly-red positive, indol
usually positive, citrate not utilized.

Escherichia Group
I. Sucrose Positive

E. coli communior
II. Sucrose Negative

E, coli communis

Voges-Proskauer reaction positive; methyl-red negative; indol
usually negative, citrate utilized as sole source of carbon.

Asrobaeter Group
I. Gelatin not liquefied

II. Gelatin liquefied
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for the gerogenes bacterimm. Chart III shows the IMVIC grouping of
coliform organisms., Members of the coliform groups were termed as
Escherichis, Aercbacter, or Intermedistes. Those strains which pro=-
duced indol, did not form acetyl-methyl carbinol, gave a positive
methyl red reaction, and were incapable of utilizing citrate as the
sole source of carbon, were designated as Escherichia. Cram-negative
bacilli which did not produce indol, formed acetyl-methyl carbinol,
gave a negative methyl red reaction, and were capable of utilizing
eitrate as the sole source of carbon were classified as Aerobacter.
A group with reactions resembling in part Escherichia and in part jerpe~
bacter vere called Intermedistes.

For the purpose of this survey, paracolon bacilli were defined,
according to Bergey (1948), as gram-negative, nonesporulating aerobic
bacilli of the coliform type which ere characterized by consistently
delayed fermentation of lactose., Glucose is fermented with formation
of gas. BSorman et al. (1944) suggest that those organisms that are
Voges=Proskauer positive and have other characteristics as for the
genus are termed Papacolobactrum serogenoideg. Those bacilli which are
Voges-Proskauer negative, utilize cltrate as sole source of carbon and
possess other characteristics as for the genms should be designated as
Paracolobactrum intermedium. Finally, the gram-negative, lactose-fer-
menting bacteria that are Voges-Proskauer negative, but are not capable
of utilizing citrate as sole source of carbon, and have other charac-
teristics as for gems are classified as Paracolobactrum coliforme.

Final identification of all lactose~fermenting bacilli was made
from biochemical characteristies and carbohydrate fermentetions as shown
in Chart IV.
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CHART IIT
IMViC GROUPING OF COLIFORM ORGANISMS

I M Vi ¢ »

+ + - - Typieal Hscherichia
- + - - Atypical Eacherichia
+ - - - Atypical Gscherichia
- e + - Tntermediate

+ + - + Intermediate

- + = & Intermediate

+ - + - Intermediate

- - - - Intermediate

+ - - 4+ Internediate

- + + - Intermediate

+ + + ¥ Intermediate

+ - + + Intermediate

- + + + Intermediate

- - - + Atypical Aerobgcter'
- - + - Atypical herobacter

" + Typical Aerobacter




.. BICCHEMICAL DIFFERENTIATION OF GRAM-NEGATIVE LACTOSE-FERMENTING BACILLI
'CHART IV
LACTOSE FERMENTERS

Promptly Fermented Slowly Fermented

IMIVEICIHSIL (D IG
QJ
J] w8l
wl o
ol Kt
S AEETHIR
- %ol
E 1i i il
coli communis
. - - joml o G -
SucrosejE. coli M A6 A6
E., coli communior 4+ |+
: i Paracolobactrum
. -l |- | AG | AG
Escherichia 1B« freundii Y o * aerogenoides
4 |4
—jmlm (| - AG|AG |~ A
E. intermedium | [Paracolobactrum
' intermedium
. Utilization 4
—lelt (4] = |AG|AG!|~ of Citrate
A, aserogenss
Paracolobactrum
derobacter -l=i4 |4| - |aG|aG]4 _ coliforme
4, cloacae =

w2
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teaine of P?@tegg ferment dexirose bmb not lectose and posseas
the fishinctive cherecteristic of hydrolyzing urez. IHembers of the
genue were clasoified necording it their abllity 4o ferment variocus
carbohydrates an? to produce indol. Chart ¥V gives am outline for the

Identiflention of the various speeies,

e
3,7
P53

1 Other members of the femily risceze ore the Salmonells
sné | the Shigellu. 4ccerding to Bergey (1948), lsctose, sucrose, and
sallein ordinarily sre not stiacked. o strains of these organisms

waPe gnecuntered ln this study.



CHART V
SCHEMATIC OUTLINE FOR THE IDENTIFICATION OF THE GENUS PROTEUS
NON-LACTOSE FERMENTERS

Kligler'd Iron Agar

|
Acid and gala in butt NO REACTION
Neutral or slant
Alcaligenes
faecalis

.
Urea Broth
Salmonella Proteus
Mannitol Broth
P. vulgaris P. rettgeri
P, mirabilis
P. mor

Maltose Broth

Pe mirabilis P. wulgaris
P. morgani

+
P. mirabilis P. morgani
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III BESULTE &ND DISCUSSION

The first fecal specimen for this study was received for analysis
on Sentomber 14,1950, avd the last one on Jamary 2, 1952, This inves-
tigaﬁi@n uas nade on babies born et the Stillweter Hunicipal Hospitsl,
Stilleater, Oklahoma. & pilot experiment vss undertaken on 25 babies,
Three specinens vere obtoined from esch newborn. The firsh specimen
wns taken as scon after birth ss tise permitied, before the behy had
raceived anything by mouth. £Additionsl evlhures vere made on the third
end fifth doys of 1ife. & direct smear for niercscopie exsninaiion was
likewise made ot the same time the speeinens wero @hﬁaiﬁé&. 4 somewhat
morve detalled study of gramenegative bmcilli in the feecal flora of now-
borns was ecarried éut on an sdditionel 50 infanis. The present repvort
comprises the data collected from the study of the fecal specimens from
the lether greup of 50 babies.

HMicroscovical exenminstion of direot smears of Leces has ons great

advantage over the shudy of feces by culbural methods in that 1% affords

a represeptative pleturs of the entire intestinel {lora. Dyamination

=Y
o

-

of direet suears feen the feeal sanples cbhbained on the first Jay shoued

the presence of grownegebtive baeilli and cocei in 4 out of 50 or & per

gapnt of Hhe coses studied. Greme-positive beeilli and cocel uere ssen

4
P24
Fat

op 12 ver cont of the speeinens. Tuo of the 4 specimens thet ree

-

vegled prawm-pegative orpgsplans likewise shoued grenmeposiitive bacteria.

The culbtores on these seme gpecimens wvere pogiiive for gram-nogative
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beeilli in 3 oub of the 50 csses or 6 per cent. The organisms isolated

from these 3 specimens were: Escherichis goli communis, Intermedisntes,
and Egggggg_rgtgger‘. Lerly-seven specimens were free from grame

negative aercbic baeilli; however, 12 out of these 47 contalned grame
posiﬁive baeilli end cocei, with the coceal forms predomineting. The
shnr%est period thet slapsed from the time of birth and the obtaining
of the first specimen was 1l minutes and the longest period was 610
minu&es. Gromenegative beeilli were absent from both speeimens alw
though, Uase Ho.,0, the specimen which was obtained 11 minutes after
birth showed gramepositive cocel miereosecopically and culturally., Case
Ho. ?, specimen obtained 610 minutes after birth was sterile both micro-
scopéeally and culturally. Table I shows the findings in the feesl
sampies obteined from neuborms the first dey of life,

‘The direct smear made from fecal materiel collected on the third
and fifth days revealed & mixed bacteriaml {lora in which were seen large
and small gram»positive rods, gram=poaitive codci, occasional yeast
cells, bacterial spores, and gr&m—negative baeilli, The grame=positive
bact%ria are more difficult to cultivate, often reguiring nutrient
medi; and annerobic methods, The large gramepositive rods were pro=
bably sporulating organisms common o the enviromment like Baeillus
sy&ti;is and Baeillus mgégg&griegg; Aeccording to Escherich (1836),
putrefactive bacteria are uncormon in the stools of newborns possibly
because they are inhibited by such species as Beelllus bifidus and
Baelllus seidophilus. The fecal films from the specimens collected on
the third day showed that 38'5pecimens or 76 per cenk contalned gyvean

negative baeilliy the remaining 12 specimens or 24 per cent showed gram=



Table I: HResults of First Fecal Specimen - First Day
Minutes Minutes

Case No. of Baby |After Birth | Smear Culture Case No. of Baby| After Birth| Smear Culture

il 153 Neg. Neg. 26 85 Neg. Neg.

2 610 Neg. Neg. 27 270 Neg. Neg.

3 1%2 Neg. Neg. 28 ~ 65 Neg. Neg.
7 Nege Neg. 29 101 Neg. 6g. |

5 L2 Neg, Neg.* 30 176 Neg.* Pos.

600 Neg. Neg. 31 9 Neg. Neg.

7_ _350 Eego gt 32 ﬁ Neg.i Neg.

8 126 Neg. Neg,.3* 33 163 Neg. Neg.
9 321 Neg. Neg, 34 226 Pos.* Ze |

10 _100 Neg, Neg. 35 269 Pos. Neg.
11 376 Neg. Pos. 36 82 Neg. Negz:
12 537 Pos. Neg.* 37 340 Neg. Neg.*

13 117, Neg. Neg.* 38 %g Neg. Neg.

14 88 Neg. Neg,* 39 1 Neg. Neg.
15 265 Neg. Neg. 40 11 Neg,* Neg.*
16 62 Neg. Neg. 41 25 Neg. Neg.*
5y 19 Neg. Neg. 42 500 Neg. Neg. |

18 L5 Neg. Neg, 43 Ll Neg. Neg.

__19 46 Neg. Neg. Ll PR Neg, Neg.

20 210 Neg, Neg. L5 254 Neg. eg,

21 28 Neg. Pos . * L6 189 Neg. Neg.
22 33 Neg, _Neg. L7 120 Neg.* Neg.g
23 76 Neg. Neg. L8 76 Neg. eg.H
24 h2 Pos.* Neg. 49 16 Neg. ﬁ;qu

25 586 Neg. Neg. 50 142 Neg. Neg.

Percentage of Cases Positive for Gram-negative Bacilli: Smear 8% Culture 6%

*Cultures contained Gram-positive organisms

62
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posi%ive zeillil  2nd coccl, with 2 prodominence of baeilli., The por-
P
gentege of positive cultures for grasensgotive beellll had inersased
from 6 per ceat on the first doy to 66 per cent by the third day; the
other 34 ger cent of the specimens contained gramepositive bacilli or
cocele Table I1 precents the resulis of the study of the specinens
obiained on the third dey.
}?cur of the 50 babies studied went bome before the £ifth day and
aoasequently no opecinens were obtzined from them. Only 46 sanples
yore stulied on that day. By the £ifth day gramenegative bacilli vere
seen microscopicslly in 42 out of the L6 cases or 91.3 per cent. Grame
negative bacilli were avsent from the remaining 4 spoeimens, bul grome
positive cocel 314 appear on the smear. Hhon these specimesns were
hrought %o cultivetion, 38 samples or 82.6 per cont showed reu-nega-
bive bacilli. The resulis obtained from the study of fecal moterial
Tor the fifth day ere shown in Teble 11X,
ssior (1904), Religer (1915), Gerstiley eb ale (1932), and other
workers have siown that diet has a definite and important bearing upon
the intestinal flora und thet definite changes moy be brought about in
the uacterial cenbdents of the intestines by modifying the diet,
‘heoretically, ut birth the intestinal conel of the child is

75

shorile. Smnenrs and ecultures from the meconium heve failed to show any

o

organisus or at most very fow. However, within & few hours after birth

infection lakes place (Escherieh 1286}, and 1t may well be said that

“— t ) i p > ER ) -
the Yintestines of nen, and lower enimsls may be likened %o & veritable

culture tube in which definite boeiterisl types appesr Ho be struggling
’”
constanbly to gein suprensey. (Betiger 1921),



Table II: Results of Second Fecal Specimen - Third Day

¥ Feeding Feeding
Case Nol h Case No/
of Baby{Smear{CulturelBreast|Bottle {Supplementall|of Baby{Smear{Culture|Bfeast{Bottle Supplemental
1 Pos, | Pos, Carnation Pos, | Pos. e
2 Neg.#| Neg.,* SMA 27 Pos, | Pos. o,
3 Pos, | Pos. Formulac 28 Pos, | Pos, Formulac
Neg.*| Nege®* | o~ SMA 29  |Neg,#| Neg,* = Carnation
5 Pos, | Pos, = SUA 30 Pos, | Pos. =
PoS . Pos. [~ ﬂ'\ E Nog o H_U.ﬁo# L~ m
7 Pos. | Pos, Formulac 32 |Pos, | Pos. P Carnation
8 Pos, | Pos, Carnation 33 Pos, | Pos, e
9 Pos. | Pos, Formulac 34 Pos, | Pos. —
10 |Pos. | Pos, e SHA 35 _ [Neg.*| Neg.# Y s
11 |Pos. | Pos. Carnation 36 __[Neg.*| Neg.* Carnation
12 |Pos, | Neg.* Carnation 37 Pos., | Pos. - SMA
13 |[Neg.*| Nege® | o~ | SMA 38  [Neg.*| Neg.* P Carnation
14 |Pos. | Pos, Formulac 39 _ |Neg.*| Neg,# Formulac
12 Pos, | Neg.* Formulac 40 Pos, | Pos, —
1 Neg,*| Nege# | «+- __SMA JAR Pos, | Pos, e
17 |Pos, | Pos, = Carnation || 42 Pos, | Neg.* SMA
18 |Pos, | Pos, e SMA 43 |Pos, | Pos. Carnation
19 |Pos, | Pos, | .- SMA Lk Pos, | Pos. Carnation
20 |Pos. | Pos, Carnation 45 _ |Pos, | Pos. L SMA
21 |Pos, | Pos, Carnation 46 Neg.* | Neg.* A SMA
22 |Pos, | Neg,* SMA 47 Pos., | Pos. Formulac
23 |Pos, | Neg.*® Carnation 48 Pos. | Pos. Formulac
Pos. | Pos. [ SMA 49 Neg.*| Neg.* L SMA
25 |Pos. | Pos. | Formulac 50 _\Pos. | Pos, e SM

Percentage of Cases Positive for Gram-negative Bacilli: Smear 76% Culture: 66%
ultures contained Gram—positive organisms

1€



Table III: Results of Third Fecal Specimen - Fifth Day

Feeding

Feedin

Cage No. Case No, |

bf Baby [Smear [Culbure |[Breast |Bottle Bupplemental|| of Baby |Smear Culture BreastiBottle Supplemental
1 [Pos. | Pos. Carnation 26 | Pos. | Pos. | .- SMA
2 Pos. | Pos. SMA 27 Pose | Pose | . | SMA
3 Pos. | Pos,. Formulac 28 Pos. | Pos. Formulac
L __ WNeg.,*] Neg,* i - SMA 29 Pos. | Pose | .- Carnation
5 Pos. | Pos. e _SMA 30 Pos. | Pose | o SMA
6 os. | Pos. e SMA 31 Pos, | Pos. | .- SMA
7 Pos. | Neg,* Formulac 32 Pos. | Pos. - Carnation
8 Pos. | Pos, Carnation 33 Pos, | Pos. P SMA
9 Pos. | Pos, Formulac 34 —— — ———
10 'Neg.* POSQ L~ SMA 35 ' Pos. 1?08. [ SMA
11 [Pos, | Pos. _|Carnation 36 Neg.’| Pos. Carnation
12 [Pos. | Neg,% Carnation 37 — — —
13 |Pos. | Neg,* P SMA 38 Pos. | Pose | &+~ Carnation
14 |Pos. | Pos, Formulac 39 Pos. | Pos. Formulac
15 ) Pos, Pos, Formulac LI-O Neg o5 ygg‘oé L~ SMA
16 |Pos. | Pos. - SMA 41 Pos. | Pos. L - SMA
17 |Pos. | Pos. P Carnation L2 Pos. | Pos, SMA
18 |Pos. | Pos. o SMA 43 Pos. | Pos, Carnation
19 [Pos. | Pos. P SMA Ll Pos. | Pos. Carnation
20  |=—- —— o L5 Pos. | Pos. Pt SMA
21 |Pos. | Pos. Carnation L6 Pos, | Neg.® .- _ SMA
22 [Pos. | Neg,i* SMA L7 Pos. | Pos, Formulac
23 . |[Pos. | Neg,* Carnation 48 Pos. | Pos. Formulac
2 |Pos. | Pos. P SMA 49 -— —-— ——
25 |Pos. | Pos. F~rmulac 50 Pos. | Pos.| # SMA

Pereentage of Cases Ppsitive for Gram-negative Baeilli:

Smear 91.3%

Culture 82.6%

#Cultures contained Gram-positive organisms

49



the predominating orgaiism present in the lower intestines in the

breast-ed babies is Lgctobacillus bifidus, 2 gremepositive aciderros

i

wich a wedoninence of

Ischerichig coli and ferobacter gerozenses. In

the larger intestines the Bgeillus hifidus types are largely roplaced

by golop hacilli, Paeilius geidophilus, snd other similar organisms,

In this ostudy the .awthor found ihat in a film of fezes from o

breagt-fed infont the gramepositive baeilli seemed Lo predominate. In

bl

the direct smear of feeal material from the bottle=fed behy there was
no predoeminance of sny orgenism.  Aboul 75 per cent of ths flora cone

sisted of gremepositive organisng, the majority of these being lancew

33

olate, cocenebaniill arrenged slogly or in pairs. In the smears of the

breast-fed ianfent that vecelved supplementel feeding there was still o

1 b ) s ® 9,
predoninance of yramepositive bacteriz,

Tueniy-seven of the beblies studied were bresstefed, bub all re=
eeived supplemental fecdings of S-lied, Sarnation Formule with Jextrie
lialtose, or Formulac, Since these breast-fed bobies received the sane
. Pormale of supplemental feedings as the botitle~fed babies the results

are probably nut comparzble to the investigatlons of early workers who

3 infents that vere coupletely bresst-fed or completely boitlew
fed. However, it was of interest %o note thet the supplemental feedw
ings &id not change the £lora oonsidersbly, due to the fact that the

products nced are similar in chemical content to human milk,
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Th@ Cernation Formula consisted of evaporeted cow's milk o which

hed been sdded Dextri-lialiose (yseal apd Johnson). Daxtri-MMoltose is a
dried mroduet manufacthured especisnlly for infente' fecdings. Formules

pede with eow's milk and Dextri-Maltose contain thwree carbohydrates,

nanely: lactose, deytrins, end meltose. Selied (Hyeth) is en in;‘;‘ant‘

1@1 iorived from the nilk of tubereulin-tested cows. It i3 essentimlly

the save as buman =ilk in percentoges of protein, fab, carbohydrates,
ash, in chemieal constants of the fat and in physiesl proporbics.
Fermulae (MeColluwa 1944) is the trade nsme for o reduced milk, suf-

ficiently supplencnted with vitamins € snd D, as well as the B complex

&

@

vitaﬁ%ains, irvon, copper, and mangonese. Formulase is comprised of steri-
11w3 avaporated milk to which hes Jbeen added fish liver oils and
various witoming.

& sumery of the wvwarious strains of gramencgetive bseilli that

were encountered ip this study is shoun in Teble IV.

The gremenegetive bacilli, isclated; studied, and identified werass

Aderohscher gerozenes, Aerchacher gloacze, Esgheriehin goli coxmunis,
2 goli communior, Intermediastes, Proteus mirvebilis, Proteus

reh ‘agge.rs., end Pgroecolobastrun serogenoides.

TEBLE ¥s  SUILMRY OF DATY BY SIBITCTS
- % of cases
Totel musber of bables studied 50 o
fumber showing Dacherichis coll ggg;*zgmgﬁ 23 46
fhmber showing bggherichic coli gommupior 15 3!‘:3

lumber shouing ferobscter ascrogenes 5

ltamber shouing Seorobacher eclocese 1.

Bumber shouing Intermedistes 21 2
Hanber showiny Proteus pirsbiiis 3

Sumber shoving froteus retbgeri 3

thamber showving Paracolobsetrunm zerozenoides 1




Table IV: Summary of Specimens by Babies

i Case No. of Baby % of Cases Positive
First Day [Third Day ~ JFifth Day Tst Brd 5th
r1:2’39l+s 5’6s7:8,99 ]
' 10,12,13,14,15,16,
Culturally sterile 17,18,19,20,22,23, §
for Gram-negstive 214,425,26,27,28,29,
Baeilli 31,32,33,34,35,36, [2,4,12,13,15,16, i
- 137,38,39,40,41,42, [22,23,29,31,35, :
b3, hhy b5,46,47,  136,38,39,42,46, ls7,12,13,22, ‘
;h89h9’500 1490 23,1-].0,14.6. ] |
3,6,8,10,17,19,21, | B
l24,25,26,27,30,32, ,3,10,16,19,24, |
:33,3h,375M’l&5,l&7, “25327,28,31,32, i 1
Escherichia coli communis |21 50 ; Oy lilyo 5,147,500 12 WO 34,8
; , 16,8,9,10,1k,21,2k, b,8,9,10,1k,15,21, @
Escherichia coli communior |0 127:30,43, 47,48,  RL,38,39,47,48, 10 R4 126.1
, | t T, 3,11,14,17,18, 21 T
f - 6,7,11,18,19,24,  R5,29,33,41, ] ‘
Intermediates 11 ‘BA,AO,Al,AS,SO. 243,48,50, 12 122 132,6
Aerobacter aerogenes ?O f1,5,20,50. 15417,50, 50 .8 ] 6.5
Aerobacter cloacae 0 0 L7 lo b § 2.1
Proteus rettgeri 30 _h.28,% 8,30 l2_l6 |43
Proteus mirabilis 0 - i} 59,43 1o I2 ; L3
Paracolobactrum asrogenoides |0 lo L7 lo o |24
Number of Babies Studied |50 o b l6 66 ls2.6

g



Escherich (1732} duteribed Escherichia cold under the nsme of

Bacterium goli eomﬂunls. He isclated 1t from the dejecta of a breas te
fed infent. Berg gey (19485 defines the bacterium as a grem=negaetive rod,
varying from slmost ococcoid forms to a long rod, occurring singly, in
pairs, or in cheins., It is usually not encapsulsted. NMotllity is |
variéble. The orgenism produces scid and gas from glucose znd lactose.
Sucr&se ngy or mey not be fermented. The strains of Escherichis coli
that ferment sucrose are termed [Ischerichis coli communior end those
which do not ferment this disaccharide are termed Ischerichia coli
comrunis, One specimen or 2 per ceét contained +this gramensgetive
bacillus on the first day. By the third and £ifth dsys the percentapges
of occurrence of these organisms were &4 and G0.9 per cent respectively.

The |

ategs are groups of organions thet are s%ill poorly
defined, They are intergrading forms which possess gqualities charace
teristic of the Igchorichie group asnd some qualities vhich belong to
the Jerobacter group, Parr (1938) defined intermedistes es eoliform
erganisms vhich have one or more goli charzcteristies snd one or more
of thmse abtrilmted to gerogenes. 4n interrediste form was present in
1 specimen or 2 per cocnd on the first day, in 11 specimens or 22 per
cent on the third day, and in 15 specimens or 32.6 per cent on the
Pifth daye

Lerobacter gcrogenes was likewlse first deseribod by Uscherieh
(1226). the organimm is a gram-negative rod, producing secid and ges
from giucose and lactose. This bacillus is commonly found in nature on

the surface of grains (Burrows 194%). There i3 & close resepblance

in the morphology of Egcherichia cgli end fercbacter sercpepes and

his trsit connod be used =8 g differenticl charscter. 645 hss been
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pointed out earlicr im this paper, the two species sre Aifferontiated

kS
3

oh the basis of the IMVIC tests., 4 relatively small percentage, none

&

on the first dey, 8 per cent oz the third day, and 6 per cont on the
fifth day, of this organism occurred in the specimens used in this
sbudy.

iorobacter glosgse wes originelly found by Jordsn (1990) in sou=

spee This is & shord, rather thin bzeillus; it is graw-negedive, fofe

monts lectose end dowtrese with the mroduction of geld
Dergey (1948) uses its abllity to Liguefy gelatin as a peint of differs
entiation {rom the other members of the colom=gerogenss group. Hurrous
(1949} believes that this orgenism mey be regarded as en iptermediate
form conuecting the colon baeiili with the Froteus group, vhich do nod
ferment lociose but aetively liquefy gelatin. This orgenism was found
in 1 out of 146 or 0.7 per ceni.

lemborg of the Proieus group ferment glucose but not lactose.
Leid is produced snd uwsuslly pgas is visibley sucrose iz ugually fere
mented, These microorgenisms wore {irsi deseribed by Hauser (Burrous

|
1‘9;?%;. Trea is hydrolysed by strains of Proteus. I% is frequently
isoloted from the dejecta. Four specles are recognized: Proteus
pirsbilis, Proteus yulgaris, ZFrotens rettperi, and Proteus porgapi.
These various spocies are distinguished one from another on the basis.
of the fermentation of wvarious carbohydraztes, mannitol and maliose,
The speciss, L{roteus retizerl was found in 6 cut of the 146 specimens
or .1;:.1 por cent. Another member eof the groups, Proteus wmirebilig
cecurred in 3 oub of the 146 spocimens or 2.1 per cent.

The parscolon organisms sre characterized by their consistently

delayed fermentsation of lactose. DBergey (1948) mentions 3 species,
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namely: Raragolobacirum coliforme, Paragolobacirum gerogenoides, Para-
solobactrun intermedium. The group is a heterogenous cne and is not
%o be regarded as a well-defined type of enteric bacteria(Burrows 1949).
Parr(1938) states that the occurrence of small numbers of slow-lactose

fermenting bacteria in normal feces is of considerable interest. He

suggests that these bacteria arise in the body as expressions of a var-
iation or succession in ecoliform flora induced by changes in the body

physiology and biochemistry resulting from disease. Only 1 ocut of the

kmmmwo.?pormtcontninﬂdaapoﬂeﬂofpnrsm Para-
seolobagtruy aerogencideg.

Table VI presents a summary of deta by specimens, The total mume
ber of specimens studied was 146, Fronm these specimens 42, strains
of bacteria vere isclateds The number of colonies selected from each
speaimen for deteiled pure~culture study waried from 4 to 12, The
mmber of strains of gram-negative bacilli that were isolated, purie
fied and studied in pure culture was 253 or 59.7 per cent of the total
mmber of strains isolated, Strains of gramepositive organisms that
were isolated, but not identified, included bacilli, cocei, and
tetrads, The number of these orgenisms equaled 171 or 40.6 per cent
of the totel 424 strains, Seventeen colonies failed %o grow and 1
colony ylelded a yeast. Jordan and Felk (1929) state that yeasta and
molds are found frequently, but it is doubtful if they multiply in the
digestive tract. Ordinary yeests may resist the antagonistic forces
of the digestive tract and pass through more or less unharmed.



Table VI: Summary of Data by Specimens

No. % of Cases

J

Specimens

which yielded slow=lactose intermediates

which yielded no coliform organisms on plating 25 17.1

39

\
Total number of specimens studied 146
Total number of strains isolated 124,
Strains of gram-negative bacilli isolated,
purified, and studied in pure culture 253
Aerobacter aerogenes . 20
Aerobacter cloacae 3
Eacherichia coli communis 03
Escherichia coli communior 53
Intermediates 51
Proteus mirabilis 9
Proteus rettgeri 12
Paracolobactrum aerogenoides 1
Strains of gram-positive organisms
isolated but not identified 171
Strains of coceci 139
Strains of bacilli 25
Strains of tetrads 7
Specibens which yielded coli only 36 2L.6
Specimens which yielded coli and aerogenes 2 1.k
Specimens which vielded coli and intermediates 11 Te5
yﬁpeci&ens which yielded coli,aerogenes,and intermediates 2 1.4
Specihens which yielded aerogenes and intermediates 3 Rel
\
Specimens which yielded aserogenes only L 2.7
Specikens which yielded intermediates only 14 9.6 -
Specimens which yielded Proteus mirabilis 3 2.1
Specimens which yielded Proteus rettgeri 6 Lol
Specimens which yielded gelatin-liquefying cloacae 1 0.7
Specimens which yielded slow-lactose coli 0 0.0
SpeciLens which yielded slow-lactose aerogenes 1 0.7
Specimens 0 0.0
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Evory isolated strein was subjected 4o cach of tho different teuts

o alx %imes Yo detersdne whother thers would be any weristion in

thooe teatw et different intervols., &% Cirst e small percenisge of the’

goll siraine were rather slow in their formentotive resctions of lace

tase,? but after two or three transfers, they fermented lactose rapide

iy and bred true.
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In whis study the suthor $vied to show (1) which strains of serobie
gran-negative boeilli are presendt in the intestingl trazed in reuborng,
ondl (é} whet beetericlogiesl atudiles of the feces are of practiecel ioe
:;:mz"t;a;:lﬁe ff’m the gtandpoint of both promplpess and coowracy.

in inkensive study of the cocurrence of gram-pogative bozeilll in
146 specinons of feses socured frém 50 newborns durips the first five
deys of 1life, showed, that while 9% per cent of the nevborn infonts
pussed specimons free fron sershie gremencgetive baeilli or the fivet day,
gran=negative bacelilli were present in 66 per coent of the specimens by
the third day and in 82.6 per cend by the 7ifth day. Pive genera and
sight opecies worc represented, nanely: [sgherichin goli gonmunis,
Esghevichia coll gomrnmior, Acrobacher zorowenes, fAorobsster sloncse,

tes, Lrebeus uircbilis, Froteus

Strains of the Uscherichis srouy veeurred in 76 nor conh

shtoerd, and Pargsolobsehrun

of the essos and of the Intermediates in 42 por eent of the cases
studied. Iron this investigetion all of the ohovewnsmed orpenisms may
be r@fm*ﬂ@? a8 the nost cormon gronenegative boeterisl inveders of the
inteéﬁiml Wwaet of the nevborn.

The firoh problem in the bactericlogical exzmminction of any ik~

testinal infection is the assurance of a depondable spoeimen uwith whiech

[

%o uorie The mothod of obbaining the specimen by mesns of 2 reokol

swan ves conpidersd o technlque that is eagy te perforn ond is adaphe

o

able for use in the home, hospitnl, and officc.
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This report has briefly sketched & plsn of classification of the
different species of inteatinal bsoteria which is based upon definite
bacteriological reections, It is :possibla to give & report toc the phy-
sician within 24 to 428 héurs afser primary isolation of sn organism
concereing the pathogenielty or nonepothogenicily of the gramencgotive
beellll inwolved on tho basls of lactose fermentetion and & batbery of
siher biochemical tests. A&fter the primexy Isclation has bﬁaﬁ nade on
sone selective medis, such as SY ager or FMB agar, individusl cclonies
cun he plohed for stuly. Various culture medle, such as Kligler's iron
sgar, uree broth {or sgar), 1 per ecent trypiome broth, MR-VP broth, and
Simnone? citmie ager caﬁfs be inoouloted for further otudy emd identifie
cation. Within s period of 24 %o 48 haﬁm & ienbtative repord lndicate
ing the genus can be given o the physician. This will ensble him to
institnte proper 'thera;_-:fyf eorlys Sufficient e wili. be aveileble for
further idenbificstion end uwni’“zmuun of the spselese K

Ho pathegenic gren-nogabive bacilli were encountered in this study.

Hewever, with the use of proper selcetive medis, primery istletions can

)

¢ rade; end the organisme identifled by biochemical and scrological

e‘hl‘ 7, e
BeSiS e
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