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CHAPTER I
INTRODUCTION AND STATSMENT OF PROBLEM

Petrusohky, a Gerasn bactericlogist, in 1889 published e report
concerning sn organism isolated from spoiled beer which he believed to be a
nitherto unimown type. In 1896 he published a more sxtensive report on what
he stated o Do the same organism and descrided it in more detail. He named
the organism Bacillus faegslis alealigenss, and stated its identifying
craracteristics. Unfortunately some of Petrusehky's cultures were later
found to be impure and much controversy arose over the morphology and to some
extent the physiclogy of e organism originally isclatsd. In the course of
time it became increasingly clear that thers existed a nusber of morpholog-
ical types of organisms having physioclogical charasteristics similar to the
organisa described by Petrusehky.

This investigetion was undertaken to determine the flagellar
morphology and the biclogical charasteristiss of organisas placed in the
gems Algaligenes by contesporsry bactericlogists. Organisms related to
AI_MMQI“«W.




CHAPTER 1I

HISTORY
Aloaligenes fasealis

Petruschky (1889) investigated some spoiled besr and isclated an
organism from an agear plate stresked with the beers The organisa was
described as & short gram negative rod with lively motility. Potato growth
was yellowish in L8 hours and later the potato became brownish, He could
differentists the beer bacillus from the typhoid bacillus by his litams
whey medium whish the typhoid bacillus turned scid while the beer bacillus
turned it alimline, The colonies on agar, of the beer bacillus and the
typhoid bacillus, were quite similar, ss was also their astion in gelatin
vhioh was not liquefied.

Gunther (1B9k) isolated & comms shaped bacillus from soil whioh
he named Vibrio terrigenus. It was identical in sise and shape with the
cholera vibrio. The organism was desoribed as being motile with a tuft of
polar flsgells on both ends. There was no ligquefaction of gelatin. This
strict asrobs did not ferment sugars and gave a yellowish brown growth on
potato. Hilk was not coagulated and the nitroso-indol reaction was negative.

Petrusohky (1896) described an organism which, according to him,
vas the same ss that isolated by him from spoiled beer (1889) and desoribed it
a8 a typhoid~like alkali producer. This organisa was found in stool

specimens. It was described as being graa negative, actively motile with
2




. 3
peritrichous flagella. (Photomicrographs did not accompany this report.)
Colenies on gelatin were similar to thoss of the typhoid organism. Milk
cultures became alkaline withoud cosgulation. No gas was produced in sugar
media (the nature of the sugar was not stated nor wes anything said
occncerning acidity). He could differentiste the Bagillus fsecalis
alealigeres (n. sp.) from the typhoid bacillus by the following reastions:

a) alkalinity in LB hours in litsus whey, b) no agglutinsticn with typhoid
serum, o) thick laysr of growth on potato, with subssquent brewning of poteto.
Milk was also found to beccms alkeline in L8 hourss Intraperitoneal injeotion
of animals caused infection while subcutansous injection did not.

Flugge's (1896) taxonomy listed the organism ss Bacilius fascalls
slealigenes (Petruschky), and Chester (1897) in his classification of
Schisonyostes also retained the trinomial but ohanged the genus and altered
the spelling to Bacterium fesalis slcaligenss (Petruschky).

Fischer (1899) reported the ilsolation at autopsy of Bagillus
fascslis slosligenss from various orgsns of & child with measles and
tuderculosis. fe aleso found the orgenism in sewage disposed in osnal water.

Lehmann and Neumenn (1899) rensmed the organism Bacterium alcaligened
(Petruscbicy)s Migulas (1500) named it Bacillus alosligenes (Petrusehky) Mige

Ford (1901), in stteapting the classification of intestinal
bacteria, recognised a growp of alkali produsing bascteris which st this time
he seperated intc Petruschiky groups 1, 2, and 3. They were collectively
described as asporogencus rode producing an slkaline reaction in milk without
& prelisinary acidity and no coagulation. They failed to liquefy gelatin,
|ossein or coagulated blood serum. They produeced no ges from dextron
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or sucrose and indol was not produced. (There is no mention of gram reaction,
flagellar morphology or acid production from carbohydrates.) Ford was not
gertain if group 1 or group 2 was identicsl with Petruschky's original
bacillus or whether both were wvarieties of this basillus. The groups are
differentiated in the table below.

alkall motile| grows with | potato growth| growth in nitrates

preducers scam on luxuriant and| cliosed ara of| reduced to
broth visible Smith tube nitrites
b * » - - -

Petruschiky! 2 * - * * *

groups
3 - - - * *

Petrusohky (1902) found Bacillus rm alcaligenes in pure
sulture in 6 rose spots on a patient with olinical typhoid fewver. He wan of
the opinion that the organisms isolated sarlier from stcols and thoss isclated
from rose spots were identicsl. He alaoc stated there was a natural typhoid-
liks diseass not oaused by the typhoid bacillus but spparently hy Beeillus
fascalis aloaligenes.

Ford (1903) in his detailed study of the cinuifimtim of the
intestinel bacteria in man followed Migula's (1900) taxonomy sxcept for

manifest errors. He considered the correst name to be Bagillus aloaligenes,
Miguls (1500) and not Bscillus alosligenss (Petruschky) Migula. He discusses
the validity of reactions by whioh organisms are recogniszed and stated that
he found growth on potato unrelisble since potatoes wers not of oonstant
composition. He poimted out that the sams organism inoculated on two
different potatoss may not show the same charscteristic growth and that
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meoutoumtefmw importancs. Using the Smith
fermentation tube wvith dextrose broth, Ford distinguished three groups of
pagteria. 1) orgenisms which have no apparent effect on carbokydrates, theiy
grovth being limited to the bulb of the fermentation tube whers it extended se
gar as the neck only, the broth in the closed arm remaining claar. The
reaction in the bulb is usually slkaline. 2) baoteris whioh ferment the
esrvohydrates with the production of aeld but no gas, the growth extending
shroughout the tube. The reaction in the ara is always acid, and in the
bulb either soid or alkaline. 3} organisme which show turbidity and gsseous
fermrtation in the clossd arm. Bagillus aloaligenes was recopnised as
belonging to group one. This group was further subdivided as shown in the
table below. There is some discrepancy between Ford's table and his detailed

11

seum on hroth
potato growth
luxwr-isnt and
visibls

R0
gelatin liquefied
casein digested
coagulated

blood serum
liquefied
acid
coagulated
alkaline

a§
ik

£
Bacillus alpaligsnes + | » * o o | = - w |e |
Bacillus recti * | - + - ¢ lo |= - ¢ | e
Bacillus pylori * |- . - ¢ |+ | - v ||~
|Bacillus casci o | e » - |* |* | . o |1~
Baeillus Bookeri e |- . o | |¢ |+ - o |- |-

description of the individual organisms. In the table above the milk rumm‘
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for resti, casgi and bookeri are listed ss producing an acidity and
alkalinity, howsver in the detailed deseription of the individusl organisms
there is no mention of preliminery acidity. (This production of an initial
acidity, probably from dextrose in the milk, and subsequent alkaline reaction
s perhaps analagous to the similar reaction ocouring with the Shige bacillus
ard Proteus vulgaris. Hone of the organisms in the above table grov in the
closed arm of the Smith fermentation tube yet Ford described them as
facultative anserobes.)
Altschuler (150L) was of the opinion that the typhoid bacillus
oould changs to Bacillus fecslis slkaligenss and vice verse. Dosbert (1905)
using 3 strains of Bacillus fascelis alkaligenss, two of which were from
Petruschky, came to the sems conclusion. Dosbert found a serological oross
reaction between his three strains and the typhoid bacillus.

Berghaus (1905) used Doebert's Bagillus fascalis alocaligenes I
(Strain II of Petrusehky) snd found it to be a mixture of: 1) plump rods
vith peritrichous flagella which "moved like ants” in a moist preparation.
2) slender rods with a polar flagellum which moved in a straight line.
(Photomicrographa did not acgompany the rsport.) 7The two organisms were
separated and identified serclogically and by litmus milk as the typhoid
bacillus and Bacillus faecelis alcaligenes respectively. Using the pure
cultures Berghsus could not transform one into the othor, nor could he
deaonstrate any oross agglutination. Bufshms found Bacillus fascalis
alcaligenss to be a strict sercbe, growing only in the open part of the Smith

| fermentation tube.
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used by Altschuler and Dosbert, which they claimed were transformable into the
typhoid bacillus, originated from Petruschky. He obtained from Ficher in
Berlin transplants of Petruschky's strain Al and Dosbert's strain All. . Their
cultures were plated and colonies were fished. Subsequent cultures were
typical for Bacillus fascalis alosligenes and gawe no agglutination with
typhoid serum. Doebert's transformation experiments were repeated with
negative results. Ths author concluded that Bacillus fascalis alcaligenes is
a group of organisms rather than a single species, and that the organisms
cannot be transformed into the typhoid baoillus.

Conradi (1905) agreed with Trommsdorf for he also found Altschuler's
cultures werse contaminated.

Berghaus (1905) after extensive study of seven strains of Bagillus
faocalis alcaligenes came to regard this organism as a nonpigment producing
strain of Bacillus fluorescens non-liquefaciens. He observed the motility in
his collection to be a linear motion, unlike the wiggling motion of typhoid
bacilli. Berghaus could not confirm Petruschiy's statement that Bacillus
fascalis alealigenes has peritrichous flagella for even Petruschiy's strain
II had 1 to 2 polar flagella. One of the several strains studied had
lophotrichous or polar multitrichous flagella. The Zettnow method was used
and was found to be superior to the Loeffler technique for staining mgailg. ‘
Growth on potato was brown, and all were strict aercbes. Pellicle formed on
broth and there was no effect on dextrose and lactoss. Indol test wes
negative. Nitrates were reduced to nitrites.

Krencker (1905) adds nothing to the already existing desoription
of the organism.
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Terburgh (1906) isclated 1L blus colonies from Irigalski-Conradi
agar inoculated with canal water. They were identified by Petruschky’s

1itsus whey medium as Bacillus fascalis algeligenes.
Piorkowski (1906) concluded that the typhoid bscillus and Baeillus
fascalis alesligenes are different on the basis of growth on gelatin. He

described colonies of both organisas.

| Trincas and Olla (1907) desoribed cases of alimsntary intoxication
presusably from cheese from which was isolated Bacillus fasoalis alcsligenss.
The organism was gram positive and produced green pigment.

Gashtgens (1907) using a freshly isolated typhoid bagillus from the
blood of a patisnt and 3 strains of Beolillus fesoalis slcaligenes was unable
to transform the one organism into the other by in vitro methods. Gashtgens
noticed differences in growth of the organisms on several asdia. lie also
observed that antiserum prepared for one strain did not agglutinate all other
strains of Bacillus fascalis algaligsnes.

Klimenko (1907) collected 22 strsins of Baoillus fascalis alcaligenss
from various sources. Fifteen of these were obtained from laboratories in
Russia and Cermary, including 3 strains directly from Petruschky. One of
Petruschky's strsins produced yellow pigment on an agar slant. These 15
strains were oarefully compared with 7 of his own strains isclated from feoes,
urine, and canal water of Petrograd. Klimenko also studied Bacillus |
fluorescens non-liquefsciens and Bagillus fluorescens putidus Flugge. It -
Sppsars obvious from the data presented that the organisms studisd by Xlimenko
&s Bacillua feecalis aloeligenss were of many types. He suggested that the
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organisas be differentiated on the basis of pigeent and sold production frem
carboliydrates. iHe objected to the suggestion of Berghaus (1505) that
pscillus fascalis alcaligenes be considered as e nompigmented Pssudomonas.
Kimenko concluded that Bacillus fooscalis alealigenss was polar flagellated.

Klimenko (1908) described Bacterius mariense (nov. spec:) as a new
type of alkali producer. lHe excluded this organism from the Bacillus faecalis

sloaligenes group. The organisa was isolated from the apleen and blood of &
guinea pig and was motile with peritrichous flsgells (photomiorographs were
not published), Wm and a grem negative rod. It produced no pigment,
did not liquefy gelatin and produced sn alkaline reaction in milk. Nitrates
were not reduced to nitrite. Alkall was formed in 2% carbohydrate broth with
litaus indieater. Hydrogen sulfide was prodused.

Latforgus (1908) reported the isclation of Bacillus slcaligenss
from the blood of a osse evolving like benign typhoid fever. Fetruschky's
ntﬁ: vhey became intensely bdlus. (FLagellation was not reported.) There
vas feormentation of several carbohydrates with the exception of lactose.

The indol test was negative.

Jorns (1908) did not describe the organiss but found no cstalase
in Bactevium alkaligenes. Catalass was present in Pssudomonas pyocyanes.

Symsers et sl. (1908) isolated s bacillus from Selfast tap water
vhich resembled Bscillus facealis alcaligenes and in this paper spoke of it
8s B. Orosvenor. Wilson (1909) relabeled the organism B. aquatilis alul_t_gr_u_ﬁ.
This bacillus came to thedr stitention for it was sgglutinated by the serum
from practically every case of spidemic cerebro-spinal meningitis in Belfast.
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of 1150 Bacillus faecalis alcaligenes (Kral) did not absorb out these
agglutinins. 8. Crosvencr was described as gram negative and motile. There
uss no liquefsction of gelatin, no ges (no aention of acidity) in glucose
proth or any other sugar or alcohol tested, ailk was not cosgulated, a faint
trace of indol was produced, Petruschky's litaus whey became faintly alkaline
and potato growth wes brown.

Ridder (1909) isolated Bacillus faecalis alesligenes from the blood
of a patient with food poisoning after having eaten a "pork dish®, The

organism was described ss being motile, no effect on milk, no fluorescens
end litous whey beosme strongly slkaline. The author was inclined to consider
the organism responsible for the clinieally typiecal case of food poisoning,
for it was agglutinated by the patients serus.

Hema (1910) isolsted Bacillus fascalis alosligenes from the urine
and peritonsal fluid of a patimt. The organien was described as producing
alkalinity in litmus whey but no coagulation of milk. There uas no gas in

fermentation tubes containing dextrowe, lactose or sucrose. (There is no

definate statemant conoerning aocidity in dextrose or flagellar morphology.)
Hillenberg ard Bierctte (1910) reported an spideais of gastro-

snteritis involving 33 psople in which Bacillus faeoalis saleal en Was

isolated from suspected meat. The suthors did not consider the organism

responsible for the mest poisoning outbreak. It was desoribed as being

aotile and having the physiologicel resctions of Beeillus fsecalis alealigenes.
Castellani (1910) reported the isolatio: on bile salt agar of &

gram megative spirillum from stools of fatal human cases of entsrocolitis.
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jength snd gl;po. Some individuals were 20 to LO microns in length with 2 to
s ooils while others were rods or comua shaped, Litmus milk showed no aeidity
put after 8 weeks the milk was slkaline and peptonised. Broth growth showed
s general turbidity with pellicle while growth on agsr was whitish like that
of colon bacilli. There was no liquefaotion of gelatin or cosgulated serum.
The indol test was negative., There was no change in dextrose, lactose and
gucrose litmus broth.

Ferry (1510) isclated an organism from the respiratery tract of
dogs. The orgsnism was described as a siort narrow motile bagidlus. (No
nass, graa reaction or flagellar acrphology was given.) A plain agar stroke
. lsn 2L hours showed moderate growth which was moist, glistening, smooth and of
s sticky consisteney. Plain agar stad growth was best near the surface,
Potato growth vas & light tan color, sbundsnt, raised, moist, glistening and
sticky with a decided odor of stale bread. Poteto became slightly darkened.
Losffler's blood serum was not colored or liquefied. Gelatin stadb showed no
[liquefaction. No surface growth in broth, but the medium was moderately
cloudy. Litmus milk in 72 hours begins to turn blue at the swrface, at five
days the whole tube was blue, at fourteen days the color disappeared from the
Ltm of ths tube, but no ccagulation ocoured. Smith fermentation tubes
with dextrose or other carbohydratss showed clouding in the open arm with no
visible growth in the closed arm. Heither acid nor gas was produced and the
[aediun became alkaline. Indol was not produced. Serum from doge suffering
from distemper always agglutinated this organism.

H'Gowan (1911) isclated and desoribed sn organisam which be found
[nany tines in animals with distemper. His descrip
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perry (1910) and added the organisms were gram negative without spores. |
Motility was never very marked, but flagella were present. (Very poor
photemicrographs show flagells very faintly on organisms clumped together.)
The suthor could form no idea of the number or arrangement of the flagella.
A pellicle was not formed in fluid media. Litmus milk was slkaline after 2
hours, no coagulation was cbserved. The organisa did not produce acid or
goe in peptone salt medium containing glucose, lactose, sucross or othar
1isted carbohydrates. However, the mediunm bom sarkedly alkaline. The
organisn grew resdily ansercbicslly in the depth of stab cultures in gluscse
asgar, and in Buchner's tubes with pyrogallate of socda.

Ferry (1911) reported it was possible to isolate the organism he
desaribed (1510) from both the respiratory tract and blood of dogs. He named
the organism 3. bronchicanis and stated it was grem negative. In 1912 he
realized thunumtmwuum. for the organism could be isolated
~ |from other animals, hence he proposed the name Bacillus bronchisepticus.
Kulnemann (1911) examined numerous strains labsled Bacillus fasocalis
tloaligenes and found them slways to be polar, monotrichous or bipclar, but
mever with peritrichous flagellation as Petruschiy had reported. The author
used flagells staining, s modification of Loeffler's technique, routinely to
identify organisms. Beautiful photomicrographs show the lophotrichous
flagellation of aminul faecslis aloaligenss isolated froa feces.

Glaser and Hachla (1911) found that the morphology of Basillus
faecalis algsligenes resembled cholers vibrio. The Kral strain of this
organism was found to have fluorescent pigment and was therefore not typical
but rather a Ps
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slmost in pur; culture in disrrhesl gonditions in cholera patients. They
agree vith Klimenko and not vith Berghaus regarding the relationship of
pseudomonas and Bacillus faccalis alealigenes.

Horn and Huber (1911) ccossionally found Bseillus fasoslis
aleuligenes in the feces of healthy cows. The thres strains iscolated had
1ively motility and polar flsgella, usually unipolar. Moderate growth appsared
on ager slants, gelatin was not liquefied, milk turned yellow but without

coagulation. Litwas whey became blue in 2 to k days. 'No gas from dextrose
end lactose. lndol was negative. No acid or ges frem glycerol. iHydrogen
sulfide formation wvas moderste.

Poppe {1911) found, among many other or;am, Bacillus fasoslis
alealigenes in the yolk and white of normal hen's eggs. He observed that -
only motile bacteria go through ths shell of the egg. Infection of the egg
oocurs during its formation in the hen. Fertilised egge were most often
ocntaminated.

Sohottemuller (1911) listed two oases of clinical typhoid fever from
which Baeillus fsecalis aloaligenss was isclated from the blood. The
patient's serimm agglutinated the organism isolated. The organisms were
described as being gram negative, motile rods, producing red colonies on
Endo's medium. (Although this organism did not produce gas from dextrose
there is no record of an seid or alkeline resction in dextrose medium.)

Hanser and Springer (1912) isolated Bagillus fascelis slosligsnes
from varicus organs of a patient with atypical symptous of typhoid fever.
Typhoid bacilli were not isolated from the patient but the serum agglutinated
typhoid bacilli to a dilution of 11200, The Ssolated Bagillus fasoslis
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sloaligeuss a;glnumud in the patient's serum to & titer of 1:200. (The
orgenism was not deseribed.)

Basrthlein (1912), in s study of differential media for cholers
vibrio, isclated numercus organisms whioh morphologically were like cholera
vibrio. These types were almost sxolusively found in patients with intestinal
disesse, and one gete an impression of an oﬁolom relationship of the
organisa to the disease. In three cases the crganisms were found in the
blood of the patisnts. The organisms were curved on Dieudonne's medium but
repidly becams quite straight on cultivation on other media and sxperiments
|vith modia falled to change them back to the curved type. The ocrganisms ware
found to be nonhemolytic. Hany serological types were founde The straine
produced a raspberry or mulberry like colony on gelatin. OGelatin was not
liquefied in 1L days by these organisas. The various strains showved either
bipolar or unipolar monotrichous flagellation. Baerthlein thought it wag time
to rectify Petruschky's desoription of. aorphology (poler flagella) anmt
physiology (appearance of colonies on gelatin).

Pollak (1512) came to essentially the same conclusions as
[Baerthlein. He isolated eight organisms from stools of patients with entaric
disturbances, All oultures were physiologically identical. Among the
varicus charsstaristics given, indol was negatiwve, milk mot cocagulated, litmus
whey blue and no hemolysis of shec) blaéd. On originel isclation the
organisms showed considerable curvature. Cultivation on laboratory media
Pesulted in a loss of curvature and there appeared straight rods with only a
fov curved individusls. Pollsk concluded these forms wers Hacillus faegalis

%& (The type of flagellation was not made clear.)
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Castellani (1912) stated that Bagillus faccslis slcaligenes of the
sntestinal tract of man to be motile, grem megative, ocsused litaus milk to
pecome slkzline, failed to produce indol and the Voges-Prosksusr reaction,
gelatin end coagulated serum were not liquefisd. Gluscse, mannites, msltose,
dextrin, sorbite, galactose and lsevulose media wers turned acid,

Torrey and Rahs (1912-1913) confirmed the cbeservations of Ferry
(1920 and 1911) and W'Gowan (1911). There was marked uniformity of cultural
reactions of several hundred strains of organisms isolated from animals with
distemper. All were agglutinated by serum specific for & single strain, yet
they separated into two groups in respect to their action on aitrates. The
organisms were slowly motile in hanging drop Wﬁm. Flagella were
longer than the body of the bseillus and were five to six in nuwber., (A
photomicrograph showed wvery poorly stained flagella.) in the Smith fermenta~
tion tube with dextrose, growth was appurent in the open arm only. Alsthough
B, bronchisepticus was not an obligate sercbe it grew very poorly in the
sbsence of oxygen. Plates incubated anaercbically showed cnly fesble growth.
In gelatin stab growth appeared near the surface but was slight or ahsent in
the lower part of the tube. There was no liquefaction of gelatin, no indol
producotion, and pellicle formation. The cultwral characteristics were in
ganeral the same as those given by both FPerry sand M'Cowan. In litaus milk
and on potato the reastion was similar to that of Bacillus fascalis
alkaligenes. B. bronchisepticus exerts an active hemolytic action on dog,
rabbit or guinea pig erythrocytes.

Smith (1913 studied Basillus bronchisepticus and his desoription

confirmed that of the earlier workers. He peinted out lts bjochemigal |
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charaoter approaches the pyocyaneus group., Like pyocyanea, Bacillue
pronchisepticus is also a strict asrche and us.m aé'hion on sugars. His
:;m of B, bronchisepticus, in & cursery comparison, wers found to be
cultwrslly identical with pertussis. B. bronehisepticus sntiserum agglutinate
od his pertussis strain to full titer. it was also noted that freshly
tsclsted strains of the glanders bacillus and B. bronchisepticus are
impossible to distinguish by the layer of growth on potato.

Furth (1213) reported a case which appeared clinically as typhoid
fever. Bacterium tuull‘&a alcaligenss was isolated from the blood and stool.
The organism m‘ degeribed as a graz negative, motile rcd (flagellation was
not recorded) which did not liquefy gelatin, nor produce indel. It formed a
blue colony on Conrsdi-Drigalski medium send a pellicls on broth. It was
agglutinated by the patisnt’s serum in a dilution of 11120, The author
noticed that his Hemburg stock strain was not agglutinated by antiserua to the
organism isolated nor by the patient's ssrum. !

Pacinotti (1913) isclated s variety of bacteris including paratyphoid
bacilli and Bacillus fascalls slcalfgenes frem Italian vegstables. Thess
vegetables wers often fertilised by sewage and eaten rew. kLe points cut that
vegetables may bs the source of infestion by these organisms.

Kendall et al. (1913) cbasrved a moderate smount of free smmonia
produced in sugsr free broth by Bacillus alcsligenss, howewsr the typheid and
dysentery bacilli alsc produced gimilar smounts of mmmonis in sugsr free brothd
There was ovidence vhich seemed to indicate that in the presence of oxygen
Baeillus alealigenes oan derive energy from glucoss, cr possibly fros some
unlmown impurity ss was shown by
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(e slight increase of ammonis produsticn in glucoss broth compared to sugar=
fyee broth. HNo msasurable amount of acid or m was produced from glucoss.
fhe organism was described as being negative in glucose and other listed
esrbobydrates. Gelatin and indol were negative. Motility was positive.
Inssmuch ss Bacillus alcsligenss did not produce acid in glucose, thers wus
go sparing setion of this sugar for protein as was menifested by the formae
sion of as much or more ammonia in sugar broth as in sugar-fres broth under
the same conditions.

Kendall et al. (1513) observed the Shigs basillus in & stool. Two
| aays vefare the death of the patient s blood culture showed the following
orgsnimmss Shiga bacillus, paratyphoid B, Morgan's bacillus B, Alealigenss
and Streptococous. (Cultursl resotions were not described.)

Oppenheiner (1513) isolated Bacterims fecalis alealigenss from
& patient with pyelitis. (No further desaription of the organism was given.)

Kendall et al. (151L) found Bs alealigenes (description was not
couplets), to be an organism which fermented no sugars, did mot peptonise nor
coagulate milk but deweloped an increasing alkelinity in milk which was
associated with the liberation of small amounts of amsonia. The ammonis
amounted to iou than 1% of the total nitrogen. The intensity of the
reaction in allk corresponded closely with that ocbtained under similay
conditions in broth cultures.

Shippen (1914) in studying the principal types of aleroorganisss in
Baltimors milk isolated an organism which he said resembled B, fasoalis alk-
Aligenss of Petruschky (however it differed in regard to motility, morphology

and gram reaction). it also resembled, according to Shippen, the organism
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desorived by éonn (1899) me Bs No« 56,

Straub and Krais (1514) reported two cases of enteritis in which
w fesgalis aloaligenes was isolated. Case I organism was isolated
fyom the blood. Blood agar colonies ware pin head, blackish with hemolytic
pelo. anmmmglmimw in the conwelescent serum of Case Il ina
111000 dilution. The Case II organism was found in the urine. The patient's
gerum in a dilution of 111000 agglutinated the isolated orgsniam. The
orgenisms isclated in these 2 csses were considered variants of Bascillus
fasgalis slgaligenss even though the orgsnism of Case I liquefied gelatin.
The two organisms were coampared with Schottmuller's Bacillus fasgalis
slealigenss and are recorded in the table belows
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Case 1 organism

— gém%r% Case 11 organism
7-,,,. negative negstive negative
fiagella polar polar polar
motility very motile vary motile vary motile
agar grovth good thiek white thick white
gelatin white aliny, liquefaotion vhite, no
no liquefaction liquefaction
pouillon even turbidity flogcular oven turbidivy
pellicle psllicle
peptons H,0 pellicle pellicle pellicle
indol negative negative negative
potato growth brown whitish, dry grey=shite, dry
litaus whey |blus blue blue
allk clearing clearing clearing
dextrose agar no gas no ges no gas
Drigalski's medium|blue no growth blus
Endo's medium red red, poor growth reddieh with

slight inhibition

Roshaix and Marrotte (191L and 1916) cbserved two patients with
gastrointestinal aymptons from whom Baoillus fascelis alkaligenss was isolated
The two organisms were very similsr.
agglutinated typhoid bacilli in low titer, 1150 and 1:100, but not the
Both patisnts had been vaccinated with typhoid bacilli. The
organisme isclated were agplutinated by the respective patient's sera in high
titer, 1:1200 and 1311500. The organisms were similar to Straub's Case II and

from the blood.

paratyphoids.

The patientis serum

Rl
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,cmtmullnr'; organisn described by Straub. (Flagellation was not mm.}
the orgenisns crose ngglutinated to titer but neither was sgglutinated by
" |aptityphoid or antiparatyphoid sera.

Shesrman and Moorhead (1916 and 1917) reported the isolaticn of
Bacillus faecalis alesligenes from the blood of 11 patients suspectsd of
‘|enteric infection. Agglutinins for the organisms isolated, in s diluticn of
1-200 or higher, wre found in the patient's serus. The organisms
correspended with the original deseription of Petrusehky with one or two
exceptions, a variation in motility, and in one strain there was peptonisstion
of litams milke. The suthors pointed out that the suger reacticns given by
Castellani (1912) for Bacillus fsecelis aleslig:nes was in error.

Hirgt (1917) isolated Bagillus fsecslis alkaligenss in pure culture
from the blood of 12 individuals. During 1916, 622 sesples were examined
bacterioclogically and this organism was isolated 23 times out of 123 positive
cultures (18.7%). Captain H. Wilshire, who was also in Alexandria at this
time isclated this orgenism from the blood of three individusle. The tabls
below is taken from Hirst's paper. It shows the principal charscteristics
of the organism as given by wvarious workers. 7The nine strains of Hirst's
Croup 1 wers pleomorphic, espscially after repeatsd subcultwre on agar. 4ll
the strains of this group were nonmotile in primery culture. Ons became
actively motile on suboulture and seversl of the others became sluggishly
motile. All the straine showsd flagella when stained by the method of Nicolle
and Morsx. The typical srrangesent of flagella was two at sach end, but
sometimes there were six flagella st the end. indol was not produced, gelatin

was not liquefied and ailk was not peptonised, Alksli was produced in
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Petruschky | Klimenko| Straub & | Ztraub & Castellani | Shesrman Kirst
subgroup | Krais Krals &
I strain I | strain II | Marrotte
motility + variable -+ - -+ + variable variable
flagella peri polar polar polar polar
gelatin - - + - - - - -
pellicle | floce. turbid turbid 8l. turbid| turbid
bouillon turbid turbid pellicle | pellicle pellicle | turbid pellicle pellicle
daposit deposit deposit
carbohydrates - - - - - dext. + - -
litmus milk blue blue blue blue blue blue blue blue
imilk ¢learing | clearing | clearing clearing sométiges | no clear-
peptonized | ing
indol - - - - - - - -
potato potato potato
pligment brown brown none none brown -
agglutination by 1:1000
patient's serum 1:1000 1:1000 1:2000 1:200 1:50
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glucose, lactose and sucrose broth. Hirst's second group of organisns,'
jisolated from blood, were coccold and no flagells were demonstrable. Th;aa
strains were physiologically similar to the 9 strains in Group iI. In Hirst's
opinion the following characteristiics served to identify Bscillus faecalis

aglkaligenes: Motility in hanging drop, gram stain, litmus milk, gelatin,
appearance on ager slope, peptone boulllon appearance, lactose and glucose
in litmus peptone water. The use of the agar slope avoids confusion with
B. pyocyaneus and other pigment producers. The author observed that his
isolates were fairly charscteristic on MacConkey's lactose bile salt agar.
The results in the table below strongly suggests that Bacillus faecalis
alkaligenes multiplies in certain abnormal states of the bowel, and it is
present in small numbers, if at all, in normal individuals.

total Bac. faec. alkaligenes found
enteric convalescents L3 16
dysentery convalescenta 57 29
normal stools 50 nil

Thomson and Hirst (1918) reviewsd the work of Shsarman and
Moorhead (1916 and 1917) as well as the report by Hirst (1917).

Castellani (1917) found in the Balkan and Adristic scnes
cases of fever resembling enterica which may have been due to Bacillus

faecalis alkaligpnaa. The author states the cultural reactions of Bacillus

faecalis alkaligenss Petruschky to be as follows: Aerobiec, nonspore-forsing

intestinal bacilli, motile, gram negative, gelatin negative, cosgulated serum
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negative, litmus milk alkaline, general turbidity in broth, indol not

produced, vOgea—Proakauar negative, and neither acid nor gas produced from
glucose, lactose, sucrose, wannite, maltose, arabincse and many other listed
carbohydrates. The typical organism produces strong alkalinity in all sugar
broths, but certain strains are sald to produce slight acidity in glucose
and maltose. Some strains peptonize milk.

| Strecker (1917) who wrote a dissertation at the University of
wWursburg concerning Eaetariun alcaligenes, found they were curved rods similar

to typical cholera vibrio. Often these curved rods formed spirils while

at other times rods formed. Strecker studied the influence of media on the
curved morphology but found no consistant correlation between the two. Using
Zetnow's stain the organisms were bipolar lophotrichous with 1 to 6 flagella.
Strecker was of the cpinion that Petruschky was mistaken when he found peri-
trichous flagella, this mistake he thaught was based on a culture contaminated
with typhoid bacilli. Strecker examined many samples of urins and blood but

never found Bacterium alealigenes, The organism was very aerobic, as indicat-

ed by pellicle formation, growth in the upper layer of fermentaticn tubes, and
growth in the upper layer of shake cultures. There was no liquefaction of
gelatin and no acid or peptonization of milk. Tune colenies of the organism
appeared similar to those of typhoid bacilli on Drigalski's medium. Litmus
milk turned blue, no a&id was produced from glucose, mannite, nmaltose or
sucrose.

Evans (1918) described in detail three organisms, Bacterium

abortus, Bacterium bronchisepticum and Bacterium melitensis in order that they

aight be compared. Carbohydrate, gelatin and indol resctions were negative,.
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Be bronchinap%icum could be distinguished by its motility, abundant growth

and intense alkaline reaction. It was concluded that a serological effinity
existed among them. The serum of a cow hyperimmuniged with Bacterium abortus

was found to agglutinate melitensis and sbortus to & titer of 131280 and

Bacterium bronchigepticum to a titer of 1:40. The table below compares the

three organisms.

L;tnna Urea | Agpara- NOB reduced Increase of pH
Milk gin to N02
bronchisepticum alk + + - 2,0
abortus alk + + sl. or neg. 0.8
nelitensis alk + faint gl. or neg. 0.8

Ferry and Noble (1518) found that after repeated subculture
Bacterium pertussis had the same cultural reactions as Bacterium bronchisepti-

cude Bacterium bronchisepticum antiserum agglutinated not only Bacterium

bronchisepticum but also Bacterium pertussis. Bacterium pertussis antiserum

on the other hand agglutinated only the pertussis bacillus, with no effect on
the strains of Bacterium bronchisepticum tested. Ferry and Klix (1916)

confirmed, in most respects, the above serological relationships using
complement fixation tests.

Kraus and Xlaften (1918) isolated three strains of Bacterium
faecalis alcaligenes from stools of patients with enteritis. They are

compared in the table below. Gelatin, indocl and sugars were negative. it

was not clear if strain 1821 had one or many polar flagella. The author

makes much of colony appearance and states growth on potato was atypical of
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strain nwrber

1821 2502 27189
gram - - -
motility lively lively lively
flagella polar peritrichous not demonstrated
aggls with 1:400 11200 1:40
patient's serum
sggl. with B, 1:320 1:20 1:20
faec, aslc. serum
litmus whey blue blue blue
milk unchanged, alk. unchanged, alk. unchanged, alk.

Archibald (1918) isolated from the blood of & native of Sudan with
atypical enterica an organism which he named B. vivax. It was described as
a gram negative, actively motile bacillus 1.6 aicrons long. (The flagellation
was not recorded.) A pellicle was formed in broth. Gelatin was not liquefied
Litmus milk was not acidified but becsme alkaline in 48 hours. Indol amd
Voges~Proskauer reactions were negative. Nitrates were reduced. Acid,
but not gas, was formed in galactose and mannitol, while an alkaline reaction
without gas formation ocourred in glucose and other listed carbohydrates.
The patient's gerum, in dilutions of 1:30 and 1:60, completely agglutinsted
the baclllus isolated.

webster (1919) recoversd Bacillus faecalis alkaligenes from blood

of 3 infants with enteric fever. The organisms were reported as being gram
negative and motile with alkali production in sugers and milk. (Flagella

studies were not recorded.)
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follows: OCram negative asporogenous cylindrical long or short cells with
capsules and which divide in one direction only. Crowth geod in ordinary
laboratory media, gelatin not liquefied, aerobes often fzcultative anaercbes,
no fluorescens or pigment production. I'o not ferment glucose or lactose and
are characterigzed by their general lack of fermentative power and by actually
incraaling the alkalinity of the media. HMilk is not clotted or rendered
alkaline, Alcaligenss faecalis (Petruschky, 1896), emendavit Castellani

and Chalmers, 1918®. Here also is listed Alcaligenes vivax (Archibald, 1518)
which was obtained from the blood of an individual with 1nteatinnl disorder
in the Anglo-Egyptian Sudan. The crganism produced acidity in galactose and
msannitol and was charscterized by its marked motility. B. faecalis
alksligenes (Petruschky) gave the fcllowing negative reactions: OCram,
gelatin, coagulsted serum, lactose, saccharose, dulcite, mannite, glucose,
maltose, dextrin, raffincee, arabinose, adonite, inulin, sorbite, galactose,
levulose, inosite, salicin, amygdalin, isoduleite, erythrite, glycerine,
indol and Voges-Proskauer. In broth it produced a general turbidity.
Motility was positive and litmus milk alkaline. The typical B. faecalis
alkaligenes produces & strong alkaline reaction in all sugar broths but
certain strains are said tc produce slight acidity in glucose and maltose.
Some strains peptonise milk.

Castellani and Chalmers (1919) use the spelling Alcaligenes and
Alkaligenes, their new genus designation, indiscriminatly. The name

*Tha citation for 1918 is probably in error, as no description of the genus
can be found as of this date, hence it should read 1919. This is in agreement
with Weldin (1927).
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originally assigned by Petruschky to represent the beer bacillus was alsb
given a variant spelling by these taxoncmists.

Rochaix and Blanchard (1920) tsbulated cases of Hacillus faecalis

slcaligenes infection and found it most common in spring and summer. They
concluded that both warm climetes and warm sessons are factors affecting the
incidence.

Watson (1921) reported the isclation of Bacillus fascalis

alkaligenss from the blood of four seldiers in Indise The patient's sers
showad high agglutination titers with the typhcid organiam znd low
agglutination titers with Bacillus faecalis alkaligenes. (A description of

the organism did not accompany the report.)
de Magalhmes and Bettencourt (1921) isolated Baeillus feecalis

alcaligenes from the bloed of a patient using & bile medium, The organism
was graas negetive, no sporas, very motile with peritrichous flagella. ¥No
acid from lactose or glucose pspicns broths Milk wes not coagulated but
became transparent and yellowish (alkelinization). Litmus whey was unchanged.
indol was not produced and gelatin was not liquefied. The patient's convales«
cent serum agglutinated the organism isolated in a dilution of 11400,

Ravenel (1921) isolated Bacillus faecalis-alkaligenes from the

spleon and intestinal patches of a cadaver. The patient had been i1l with
symptoms of typhoid fever. Dextrose and other carbohydrates listed were not
fermented, Litmus milk remained unchasnged in appearance for 8-10 days, then
it becase darker and showed a slight gelatinous coagulation. (The description
is not complete as to gram reaction, motility and flagellation.) The

organism was considered the causative agsnt in the prcduction of the
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inteatinal lesions.

Braun and Cahn-Bronner (1521) reported that Alcaligenes faecalis

would grow gsercbically in & simple medium with ammonium lactates as a source
of nitrogen and carbon. Crowth was poor but improved by addition of sulfate
ion and seration. Sodium chloride or potasaium chloride had to be present
for growth. (A description of the organism was not included.)

Cooke (1921) reported Bacillus ammoniagenes as the etiologic agent
of ammoniacal excoriation of the buttocks of infants. The organism was an
asporogenous gram positive bacillus which did not ferment sugars. This
yellowish pigmented organism hydrolised ures with the production of ammonia.
(This organism was named Algaligenes ammoniagenes in Bergey's Manual of
Determinative Bacteriology, 3rd edition 1930, page 367. See the report
reviewed in this paper by Cooke (1926).)

Stitger (1922) isolated from water and stools 1L vibrios which were
not agglutinated by antichclera serum. They were recognized ag Bacillus
faecalis slcaligenss by their biochemical nature. He also studied the

intestinal flora of cholera patients. On the second day of illness and
through to the end of the discase when the stool becaue formed, Bacillus
faccalis alcaligenes was predominantly found. (A description of the
organicm was not given.)

Mudd and warren (1923) isolated Vibrio percolans (new species)
from hay infusion. This gram nmegative, asporogenous organism was comma shapod
to straight, actively motile with one polar flagellum, though frequently 2 or
3 flagella were present. Growth in peptone broth had a pellicle, litmus ailk
unchanged, no liquefaction of gelatin, no reduction of nitrates, no indol
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production, no fermentation of dextrose, lactose, sucrose and other listed

carbohydrates.

Khaled (1923) in Zgypt noted the blood cultwrs from an enteric type
infection resulted in the isolation of B. faecalis alcaligenes. (A
desoription of the organiasm was not recorded.)

kaldin and Levine (1923) published a key to the species and
varieties of the colon~typhoid group of organisms. Under the genus Bacterium
was listed the sub-genus Alcaligenss described as gram negative rods growing
well on artificial medis, asporogenous, nonmotile or motile with peritrichous
flagella. Neither acid nor gas is produced from glucose.

Bergey et al. (1923) defines Alealigines Castellani and Chalmers
as motile or nommotile rode, gererally occurring in the intestinal canal of
normal animals. Do not form acetyl-methyl-carbincl. Do not ferment any of
the carbohydrates. The type species, Alcaligines fecalis (Petruschky)
Castellani and Chalmers, was described as follows:
Rodst 0.5 by 1.0 to 2.0 microns, motile by means of peritrichous flagella.
Cram negative.
Celatin stabt Cray surface growth. No liquefaction.
Agar slant: White, glistening.
Broth:s Turbid, with thin pellicle.
Litmus milk: Alkaline.
Potato: Scanty to abundant, yellowish to brownish.
Indol not formed.
Nitrates reduced to nitrites.

Does not form scid or gas in carbohydrate media.
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Aerobic, facultative.
Habitat: Intestinal canal. Found in endocarditis but generally considered

mnpathogenic.

Alcaligines bronchisepticus (MoGowan) was alsc included in this gsnus:
Rodst O.k to 0.5 by 2.0 miecrons, motile, possessing peritrichous flagella.
Gram negative.

Gelatin stab: No liquefaction.

Agar slant: Lustrous and moist.

Broths Distinctly turbid, with thin, gray pellicle and ropy sediment.
Litmus milks Alkaline.

Potato: Fairly abundant, brounish, glistening.

Indel not formed.

Nitrates not reduced.

No acid or gas in carbohydrate medis.

Ammonia formed from urea and asparagin.

Aerobice.

Habitat: Believed to be the cause of distemper in dogs.

Kollath and Lubinski (192L) reported the isolation of a gran
negative motile rod with cuwrved shape from s patient with diarrhes. The
organism was isolated from the stool and at autopay from the intestine, liver,
spleen and gall bladder. Flagella stain (Peppler) showed mainly polar mono-
trichous, rarsly two flagella, no amphitrichous or peritrichous types were
found. (FPhotomicrographs wers not published.) In media with dextrose,
lactose, sucrose, meltose or mamite the litmus twmned blue. Colonies oo
rabbit blood agar were hemolytic. iIn the course of study the originsl curved
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form of the organism largely disappeared and the organism became straight.
Anticholera serum did not agglutinate the organism nor a s