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REVIEW OF THE LITDRATURE
He Introduction

in 1888 Theobald Smith described a severe illness of
turkeys which he naned infectious entarchepatitis., However,
the designation in more common usage by layman and speciale
iat alike has come to be Dlackhead disease, or merely blackhead,
This name, which persists in the literature and which is used
repeatedly throughout this dissertation because of its brevity,
is unfortunately not appropriate, since darkening of the head
occurs only ocvccasionally and is not the most characteristic
symptom of the disease (Curtice, 1007a; Stelner, 1924; Tyzzer
and Fabyan, 19273 and others). The usual symptoms are a ruf-
fled appearance, lack of appetite, and especially sulfur-
colored dreppings. In addition, the sick turkeys appear to
develop a ley weakness. They stand only in cases of extrene
necessity; as ths disease progresses they may be unable to
stand at ail, and eventually become prostrated and die,

Blackhead is similar in some respects to amoebliasis of

man, The protozoan parasite, Ilistomonas meleagridia, gains

admittance to the bird's body via the alimentary tract in
contaminated food and drink and localizes in the cecum, a
blind duct or pouch which opens into the gut at the juncture

of the large and small intestine., The two ceca of the turkey



may be considered analogous to the appendix of man, The
blackhead parasite produces ulceration of the cecal wall as

does gfndamceba histolytica in the intestines of persons suf-

fering from amocebic dysentery. It is believed that as a
result of this ulceration the histomonad enters the circula-
tory system by which means it is carried to the liver where
secondary foci are established (Smith, 1895), as occasionally

happens with Endamoe¢ba histolytica in untreated cases of

amoebiasis of man (Strong, 1944). In blackhead discase the
liver is almost always involved and becomes heavily infected
with the parasite, and the pathognomonic stippled liver lesions
are produced (frontispiece), If these blackhead lesions are
¢ul tured in suitable media, one may occasionally be able to

isolate the causative organism, Histomonas meleagridis. Some=-

times these lesions also yield bacteria and other protozoa.
These organisms either accompany or follow the histomonad
from the cecum to the liver, The part played by bacteria in
this discase has never been completely elucidated.

The purpose of this thesis has heen threefold: to de-
termine the percentage of blackhead livers containing cultivatable
bacteria, to identify these bacteria as to species where possi-
ble, and to determine if these bacteria are in themselves
pathogenic. 1In addition, evidence will be presented which
indicates that although bacteria may coamplicate matters, they
are in reality opportunists and are not an initiating factor

in blackhead discase.



. The identity of the blackhead parasite

Shortly before the turn ¢f the century, Sawmuel Cushaan
of the Rhode Island iixperimental Station, in discussing some
difficulities in turkey raising, referred to the "bowel troubles®
of this bird., One cannoct tell for certain whether the "bowel
troubles® reported by Cushuman (1883) were one or several enti-
ties, However, in at least one Instance he 1s dealing with
blackhsad disease as we know it, He states: ®When once
started it is apt to be quickly fatal, There 1is diarrhea,
weakness, no appetite, and the {ace and comb change from a
bright scarlet to a dark purple.” Later in this same paper
he continues: "The bodies of the young turkeye that have
died were examined, and in almost every instance the livers
were found to be diseased.” He did nct know whether this
ailment was caused by, as he put it, "contagiocus germs" or
simply by overfesding and other unfavorable circumstances,

Theobald 5S5mith, who at this time was e=mployed by the
United States bepartment of Agriculture, received from Mr,
Cushman in the autumn in 1883 the organs of an adultl turkey
which had suffered from "bowel trouble¥, The liver and ceca
of this bird were extensively affected. As 8 consequeance of
this experience, Theobald Smith visited the Rhode Island
Station in August of the following year and studied the dise
ease at first hand, In the earliiest scientific paper dealing
with this disease Smith (1898) reported his {indings with 18

cases, 16 of which showed liver involvement, He named the



disease infectious enterchepatitis, describved its symptomology
and pathology, and observed for the first tinme the eticlogical
agent which because of its amoeboid appearance he named Amoeba
meleagridis.

Curtice (1807a), alsc working at the Khode Island Experie-
mental Station, made an extremely important contribution:
“As & result of the various observations, strong evidence was
afforded that ordinary fowl carry and distribute the amoeba,
yet nevertheless they rarely die of the blackhead disease,
though a few cases, apparently identical with this disease
in turkeys, have been encountered at the station and college
poultry plants.” In a subsequent publication Curtice (1907b)
restated these findings and added: "Urdinary fields uncrossed
by poultry were probably not infected® while "poultry yards
are heavily infected.® In short, he believed that the chicken
is a host of the parasite and, 1ike the infected turkey,
broadcasts the psrasite in droppings. He also found that no
breed of turkey is immune and that older turkeys resist the
disease more easily than the young. His work also indicated
that the disecase is not transmitted through the egg, since
turkeys which were hatched from artificially incubated eggs
and raised in confinement remainsd free of the disease, These
facts have been verified by Smith (1915), Tyzzer and Fabyan
(1922), Rettger, Kirkpatrick, and HcAlpine (192%), and LeVolt
and Davis (1936),

uring the next decade the fine groundwork established



at the Rhode Island bLxperiment Station was eclipsed by somewhat
vague and contradictory publications from this station by
authors who unknowingly were troubled with mixed infections
and who could not decide upon the nature of the blackhead
parasite.

Cole, Hadley, and Kirkpatrick (1910), for example, stated
that the organism observed by them to be the causative agent
of blackhead was a phase in the life~cycle of a coccidium and
not an amoeba as designated by Smith. They also believed that
although this coccidium was the eticvlogical agent in the mae
jority of cases, other corganisms frequently produce similar
pathological conditions. Hadley and "Afison (1811) considered
that many cases of blackhead could be interpreted as infection
with one or more species of flagellated organisms, and Hadley
(1916a) concluded that many of the bodies which he had observed
earlier and regarded as coccidia were achqally flagellated
protozoa., Finally, in a latter yu%iicatidn of the same year
Hadley (1816b) summarized his beliefs when he stated: "aside
from those cases in which it is identified with the schizont

stage of Limeria avium, Amceba meleagridis Smith must be re-

garded as the late trophozoite (rounded) stage of the intestinal

fiagellate, Trichomonas." Jowett (l9lla) reported his findings

in South Africa. He stated: "The present writert's experience
of the blackhead disease at the Cape is in entire agreement
with the version last advanced by Hadley and Amison, = - =
For our part, then, we regard the body termed by bmith the

amceba meleagridis, which is so constantly associated with



the liesiong of the blackhead diseaso, a5 representing a stage
in the life-cycle of a flagellate, in all probability a tricho-
monad, present in the intestinal contents of the bird.® In a
gsecond paper Jowett (1811b) restated his previous conclusions
and mentioned further that the trichomonad occurred in the
feces of healthy as well as discased turkeys.

It was not until the appearance of a series of papers by
Us Fe Tyzzer of the Harvard HMedical School that the true nature
of the blackhead parasite was elucidated., PFirst Tyzzer (1619)
noticed that although showing amcebold movement, the blackhead
parasite possessed an Yextranuclear body" resenmbling a blee
pharoplast - « 2 structure characteristic of the flagellatcs,
nct amceba, JIn an important publication, this author (Tyzzer,
1520) reported observing two forms of motility inm the same organ-
ism., Using a warm stage at the body temperature of the turkey
(41 to 42 C), he viewed not only only active amovebolid motility
but in additien “rhythmic pulsating movements® which arc associ-
ated with certain flagellates., Since the blackhead parasite,
therefore, had characteristics in common both with amoeba (amceboid
movement and holozoic nutrition) and flagellates (pulsating
movenent due to flagella and the type of divisicen), a new

genus, Histomonas, was created by Tyzzer, but the species

name, meleapridis, given by Smith retained, since this was

certainly the organism first observed by Smith and recognized
by hism te be the cauvsative agent of the disease, Subseguent

statements continued to appear in the literature, however,



pointing to some existing uncertainties regarding the etiology

of blackhead., In Germany, for example, hLnigk (19385) considered
blackhead to be caused by a fungus, whereas in this country
Allen (1936) concluded that in addition to Histomonas meleagridis
a species of pentatrichomonas, which she later identified as

Trichomonas gallinarum (Allen, 1940), may produce siwmilar

lesions in the liver and ceca of poultry. She found that feed-

ing cultures of this Trichomonas which she isclated from infected

roults gave rise to the disease in healthy ones, and quite
siwilar lesions resulted, On the other hand, Fiimi (1936), in

Japan, isolated Trichomonas and also the genus Chilomastix

from blackhead livers of naturally affected chickens. These
organisms of questionable etiological significance cccurred
in the liver lesions with H. meleagridis, the organism regarded
by Niimi as the sole causative agent., In this country, iveVolt

(1950) isolated Trichomonas and Chilomastix from blackhead

livers of turkeys, and while collecting data for this thesis,

I also encountered Irichomonas in this organ. This is not at

all surprising since this genus comprises part of the normal
intestipal fauna of poultry and like bacteria may therefore

accompany or follow H. meleagridis from the intestine to the

liver., (It is no wonder them that Jowett, 1%lla, observed

trichomonads in the feces of healthy as well as sick turkeys.)

¥ost parasitologists agree that Histomonas meleagridis
is the sole organisw causing blackhead disease, For example,

in discussing the worpghology of the blackhead parasite, kenyon
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(1926) states: *“there is no trace of axostyle, undulating

membrane, or basal fibre, so that its relation to Trichomonas

cannot be upheld", and in their recent texts on parasitology
and protozoolegy, Hegner (1938) and Kudo (1847) list H.

meleagridis as the protozoon producing this disease,
Ce The transmission of blackhead disecase

Although 5Smith (1895) suggested that blackhead was picked
up via the alimentary tract, it was not until the feollowing
year that Moore's (1886) experiments indicated this to be the
case, Hoore observed that healthy turkeys became sick when
fed excrement and viscera from infected turkeys. As has ale
ready been mentioned, Curtice (1907b) observed that turkeys
may pick up the disease from contaminated surroundings, that
is, in yards that have harbored sick turkeys or even apparent=

1y healthy chickens. He stated that infected turkeys and

Tyzzer and Fabyan (1620) demonstrated a uniform susceptie-
biidity of the normal turkey to blackhead throughout its period
of growth, This is in disagreement with the findings of
Curtice (1907Tb), who believed that older turkeys are more
regsistant to the disease than poults, Tyzzer and Fabyan proe
duced a subcutaneous form of blackhead by inoculating infected
liver tissue from acute cases subcutaneously into healthy
turkeys, This form of the disease does not occur naturally,

but the experiment demonstrated the infectivity of the oryganisas



from diseased livers, Tyzzer, Fabyan, and Foot (19521) were

able to induce blackbead artificially by inoculating infected
liver tissue into the large wing vein of healthy turkeys. This
me thod, however, resulted in only oc¢casionally producing the
disease; of ten turkeys inoculated, only three developed
blackhead., In a later paper, Tyzzer and Fabyan (1922) produced
blackhead by feeding infected livers to healthy turkeys and proe-
duced {he ailment In a wore natural manner when they contaminated
food with scil taken from hen yards,

Drbohlav (1924) produced the disease by rectal isplanta=-
tion of a strain of f. meleagridis which he had succeeded in
cultivating in test tubes.

felaplane (1832) was able to produce blackhead discase
by rectal inoculation of finely ground blackhead liver and
also by inoculation of ground diseased ceca from turkeys or

chickens harboering ne protozoa other than H. meleagridis.,

beVolt and Davis (1836) alsc were able to preoduce
blackhead in healthy turkeys by feeding them infected liver,
These sarme workers were able to induce the disease by oral and
rectal inoculation of test tube cultures of the histowmonad,
They succeeded in implantation of this parasite in the ceca of
ten out of twelve poults so inoculated, and nine of these birds
died from the disecase,

Since cysts of Histomonas meleagridis never have been ob-
served, the guestion of how yards could remain infective over

a periocd of years was unsolved for some time. A new ayyroach
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to the study of blackhead began when Graybill and Smith (1820)
discovered that incubatere-bred poults fed embryonated Heterakis
ova from turkeys sick with blackhead discase became infected
also. (lleterakis is a nematode worm which is seldom trouble-
some in itself and which is prevalemt in domestic poultry.)
These authors did not seem to appreciate fully the importance
of their observation however, They concluded that it was the
lowering of the resistance of the poults by this nematode which
allewed them to becone more eagsily infected with the protozoa,
They did not consider that the worm itself could be acting as
an intermediate host for the bLilackhead parasite, It was not
until later that the significance of the observation was recoge
nized, Tyzzer and Fabyan (1922) showed that Heterakis ova
which had been treated for three days with 1§ per cent mitric
acid were able to bring about the disease when fed to healthy
turkeys. Tyzzer (1929) demonstrated that H. meleagridis
actually invades the tissues of this worm when the latter re-
sides in the ceca of poultry infected with the protozoon., Up
to the present time however, H. meleagridis has not been Cb=-
served in Heterakis ova. HNevertheless, it is in the eggs of
the nenmatode that H. meleagridis is thought to be able to
survive for months in soil.

¥iimi (1937) believes that the protozoon may survive

longer than one year, perhaps three or four years in Heterakis

ova, lle does not think it likely that normally the discase

is caused by direct injestion of the causative agent in its
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free state but only froa the injestion of contaminated eggs of

the helmiith, and that "consequently lieterakis papillosa aust

be considered as a true vector of the blackhead-organism®,

iJe The cultivation of Histomonas meleagridis

prihohlav (1924) was the first to cultivate the blackhead
parasite. He propagated the flagellated stage of the organe
ism which Tyzzer had found in the feces of chickens recovering
from blackhesad disease, The media euwployed were blood agar
covered with Locke's solution and coagulated egg wediur covered
with the same solution., Ultimately coagulated white of egy
covered with blood boullion with one per cent peptons proved
to be of the best value. NHe found that the pH is ismportant,
the best range being between 7.2 and 7.8, "Parasites in cul-
ture tubes feed on bacteria; when blood agar is used, may take
up red cells, Chickens inoculated per rectus with material
from cultures, showed parasites in large nusbers in three
days. One died as early as the sixth day after inoculation.,”

DeVolt and Davis (1938) cultivated the histomonad in
Locke's modified egg medium from the feces of infected poults
and used these cultures for oral and rectal inoculation,

The first instance of isclation and subsequent cultiva-
tion from infected livers was reported by Bayon and Dishop
(1937). They used tubes of inspissated whole egg slant
covered with inactivated horsee-serunm diluted 1:8 in Ringer's

solution to which was added a l1ittle rice starch, Onliy one



attempt was successful and these tubes contained bacteria as
well as the histonmonad,

DeVolt (1943) used 8 monophasic medium for culturing the
parasite {rom liver lesions, This medium consists of turkeye-
serun diluted with Locke's solution to which rice starch is
added at the time of inoculation. The amount of glucese emw
ployed in this medium has been reduced from 0.2 per cent, as
tabulated in the origimal formula, to 0,02 per cent (LeVolt,

1950).
. The role played by bacteria in blackhead disease

Smith (1893) wrote: "ln the course of the investigations
the possible bearing of bacteria upon the disease was not
entirely overlooked and cultures mainly upon agar were made
from the hlood and the liver of a considerable percentage of
the infected turkeys. Usually, bits of liver tissue were transe
ferred to the culture tubes. Of the heart's blood, one or tweo
loops were inoculated, The results obtained varied from case
to case. A8 a general rule, tubes inoculated from birds that
had just been killed renained free from growth, whereas the
cultures of those which had died durding the night and were
exanined next morning were quite regularly fertile.” Xost

of ten encountered was B. ¢eli communis. He evidently did not

attempt to cultivate anacrobes, nor does it seem that he
bothered with a thorough taxonomical study of the bacteria
isolated., ‘Theobald Smith expressed his feelings in regard

to the part played by bacteria in this disease when he stated:
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"The absence of any uniformity im the bactericlogical results
as well as the appearance of B. coli in the organs of the dead
turkeys indicates that pathogenic bacteria were not associated
with the protozeoa in the cases examined.®

Twenty years later Theobald Smith re-emphasized his earlier
stand: *"The presence of bacteria might be expected with such
extensive destruction of tissue in ceca and liver, As a matter
of fact they are rather uncommon in the liver necroses of
turkeys chloreformed at the height of the disease., In turkeys
which die during the night, smears and cultures may show next
day several varieties of bacteria., The histological study
brings strong evidence that bacteria have nothing to do with
the lesions, and the frequent sterility of culitures of liver
foci demonstrates it.® However, in this same publication
(Smith, 1915) the author recognized that bacterial complica-
tions may arise since he mentioned that in 1913 he had studied
a dead turkey in which there were no fresh lesions of blackhead,
and in reference to this case he stated: "The immediate cause
of death was bacterial sepsis, for large colonies of bacilli
waore found both in lungs and liver,®

This coincides more closely with the view held by Curtice
(1907a) who writes: "An examination of many extensively
diseased livers and ceca, and cemparison with others less
diseased, leads to the buelief that death in the latter cases
is not always produced directly as a result of blackhead

disease, but is effected by secondary causes, such as climatic
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changes, bacteria, and starvation, acting upon an already
weakened body."

Tyzzer (191%) observed the disease in a baby chicken in
which there was a complicating bacillary infection, but did not
identify the bacterium involved,

iver a period of years Kettger and Hirkpatrick conducted
an intensive scarch for a possible bacterial etioclogical agent.
They enployed both aerocbic and anaerobic culture techniques, but
found no bacterium as constantly coccurring in blackhead livers,
Since their results were negative, they reported their findings
only briefly, stating that a coccus was observed in some cul tures
and that spirillum or spirochete forms were observed in several
instances on India inkestained slides (Rettger and Kirkpatrick,
1927).

Bayon and #ishop (1937) and Bishop (1938), while attempt=
ing to grow Histomonas meleagridis from blackhead liver lesions,
oussrved that some livers contained cultivatable bacteria while
others did not, In fact, H., meleagridis only appeared in tuues
containing bacteria. (The presence of bacteria in a culture
tube of course does not indicate that the tube is necessarily
positive for protozoa.,) Other investigators (LeVolt and Holst,
1830) also have observed that the media available at this time
support growth of the histomonad only when bacteria are present.

This is analogous with Lndamoeba histolytica which will not

2row unless in the presence of a compatable flora (Dobell and

Laidlaw, 19263 Cleveland and sanders, 1930a, 1830bj; Chinn,
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Jacobs, lecardon, ami Rees, 19423 kuves, Boyicevich, Heardon, and
paft, 19443 Dalasmuth and Howard, 18403 and Shaffer and Prye,
1848) or other protozoa (Phillips, 1853; and Phillips and Kees,

&

185G).
F, Liver involvement in amcebiasis of man

Long ago Smith (18935) pointed out certain characteristics
of the blackhead organism which parallel the behavior of

Indamoeba histolytica in amcebic dyszentery of man., Both organe

isms, . wmeleagridis and L. histolvtica, are intestinal parasites
which the host picks up in contasinated food and drink, and both
may pass through the ulicerated intestinal wall inte the portal
circulatory systea and thence be carried to the liver where
secondary foci are established, Liver ianvolvement in amcebic
dyscentery is not 4s comumon as inp blmnckhead however. In the
latter discase liver invelvement nearly always occurs while
ancebiasis in the tcapsrate zone produces llver involvement
in omly about {ive per cent of the c¢ases., Even in the tropics
where amoebic hepatitis may occur more often, liver involves
ment never reaches the extent as in bhlackhead dissase, (For
instance, Cort, 1328, reported hepatic involvoment in 18 per
cent of the cases studied by nim in 3Jiaw, and Strong, 1944,
found abscess of the liver in 23 per cent of the cagses obe
served by him and Musgrave in the Philippines.)

5ince bacteria have heen encountered in bleckheand liver

lesions of turkeys, one weuld expect alsce te {ind bacteria
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associated with indamoeba histolvtica in azmcvebic abscesses of

man, This is actually the case. kogers (1922) was one of the
earlier workers to report guantitatively the number of amoebic
livers containing bacteria. Out of 24 patients observed by
him in India, nine, or 38 per cent, yielded pus at the time of
operation which contalned bacteria. Peostmortem examinations
told about the same story, since two out of five cases, or 40
per cent, of fatal amocebic hepatitis yielded liver abscesses
which contained bacteria, Strong (1944) states: *1In about 50
per cent of the abscesses, bacteria may be obtained by culti-
vation when sufficient material is inoculated,”

¥hile speaking of the high mortallity cccurring in une
treated cases of amoebic hepatitis MansoneBahr (1943) writes:
"When death ensues it may be dve to the uyressure of the abscess
itself, to secondary infection by streptococci or Bacillus
coli, to gangrene of the abscess wall, to pneumcthorax, to
anexia, or to some intercurrent disease.® le also reported a
case where pacillius enteritidis was involved, and Strong (1944)
merely states: *"Staphylococci, streptococci, and cuvlon bacilli
are not infrequently encountered,.”

It is surprising that no real systesmatic study dealing

with the bacteria assoclated with ILndanmoeba histolytica in liver

abscesses has been reported in the literature, Thefaf&r@, the
work presented in this thesis, although dealing only with the
bacteria found in blackhead liver lesions of turkeys, may nevere
theless be of some value in suggesting what bacterial types

might be expected to occur in liver lesions of man and other



animals affected with similar discases,

i7



II
MATERKIALS ANDL METHODS

A. The technigue employed in the isclation
of bacteria from blackhead liver lesions

1. Source of material, From the beginning of April
1648 to HMay 1951, when the first and last samples were taken,
there was available, except during the late winter and early
spring months, an abundance of material with which to work.
Over this periocd a total of 60 different infected turkeys repre=-
senting 13 flocks were autopsied, and their livers sampled,
This material came from three sources, Firstly, four flocks
were provided by ir. I, H., DeVolt for my exclusive use. Three
flocks were railsed in houses and yards on the grounds of the
Livestock Sanitary Service Laboratory, College Park, Frince
Georges County, lHaryland, Since these houses and yards previe
ously sheltered flocks in which the discecase was present, these
turkeys acquired the disease naturally --- from contaminated
surroundings. The fourth flock was raised indoors in cages,
also at the Livestock Sanitary Service Laboratory, and acquired
the disease artificially «« through rectal and oral inoculation
with test tube cultures of the histomonad, Secondly, concure
rent with my studies, H. M, DeVolt was experimenting with
certain new anti=-histomonal drugs developed for blackhead pre-

vention and therapy. The control birds from these and other



1¢

experiments were made avallable to the writer. Two of these
flocks were raised in wire cages indoors and these poults alsco
acquired the disease by inoculation, bSeveral other groups of
controls were from flocks raised in infected houses and yards,
and these turkeys acquired the disease naturally. A third
source of material provided turkeys from other sections of
the state, The sick turkeys brought in by farmers and county
agents which were diagnosed as blackhead victims by H., ¥. bDeVolt
were at the time of autopsy given to me for examination. In
this manner eight liver samples representing five flocks from
other parts of Marylan:d were obtained, These birds had of
course picked up the disease in the usual way =- from associ-
ation with sick turkeys or chickens, or from contact with
surrcundings contaminated Dy them.

In table 1 are iisted in chronological order the 13
flocks represented in this survey. It may be observed that
fiocks two, three, and seven, as well as flocks eight and ten,

are similar in regard to mode of infection and ownership,

2. The preparation and incubvation of pour plates from

blackhead liver samples. Turkeys which wers sacrificed at

the first appearance of symptoms by breaking the neck, and
birds which died of the disease were carefully opeped $0 as t¢
keep contamination at a minimum, The appearance of the liver
at autopsy, coupled with the observed syuptoms up to the time
of death was sufficient to identify the disease as blackhead,

In order to prevent dust and feathers from falling upon the



TABLE 1

Information pertaining to the 13 turkey flocks

covered in this survey

Location

Additional
information

20
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Flock Mode of
number infection
1 Artificial
2 ¥atural
3 Natural
4 Katural
5 Artificial
& Artificial
7 Fatural
8 Katural
g ¥atural
190 Natural
i1 Natural
12 Natural
13 Katural

College Park,
Prince Georges
County, Xd.

ditto

ditto

Garret County,
Maryland

College Park,
Prince Georges
County, Hd.

ditto

ditto

ditto

Baltimore
County, Hd.

College I'ark,
Prince Georges
County, Md.

Frederick County,

Haryland

Calvert County,
Yaryland

Montgomery County,

Haryland

r. bevoltts

flock, raised

indoors

Yy flock,

raised in yard

ditto

From a
private farm

My flock,
raised indoors

Lr. beVoit's
drug c¢ontrols,
indoors

My flock,
raised in yard

Lr, beVolt's
drug controls,
raised in yard

¥rom a
private farm

Lr. beVolt's
drug controls,
raised in yard

from a
private farm

From a
private farm

From a
private farm



surface of the exposed liver, the breast-bone was not pulled
far back from the liver at autopsy.

A representative portion of the diseased liver, usually
from 3 to 8 grams in weight, was removed with a sterile scapel
af ter first singeing the surface of the portion to be removed
with the hot scapel blade., The sanple was placed in a tared
petri dish which was then reweighed in order to determine the
exact weight of the liver specimen, The liver sample was then
cut into a number of smaller pieces with the same scapel and
removed from the petri dish with sterile forceps to a sterile
dilution bottle containing glass beads, Sufficient 0,85 per
cent sodium chloride was added to form an initial dilution of
10~} of the sample., As a rule, little difficulty was experi-
enced in macerating the specimen by shaking of this bottle.
Gecasionally however, older lesions required continued vigore
ocus shaking before becoming macerated.

A loopful of the liver suspension was removed from this
10”1 dilution bottle to a microscope slide and the smear was
stained with erystal violet., Usually a wet mount prepared

from this dilution was observed for the presence of Histomonas

malaggridis. In a few instances several mls from this same

bottle were transferred to tubes of turkey serum - Locke's

solution and rice starch medium (DeVolt, 1943) in an attempt
to grow the histomonad. In every case 1 ml was transferred
from the initial dilution to another bottle containing 99 ml

of sterile isotonic saline.
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! ana 107°) pour plates were

From these two dilutions (107
prepared in the customary mapner. bilutions of the liver sample
of 13‘1, 1&“2, &0‘3, and 10”4 were made, unless the number of
bacteria seen in the stained smea&r indicated a higher diiution
range to be necessary. The plates were prepared in duplicate
and incubated for two days at 41 to 42 €, the budy (rectal)
tesperature of the turkey (Marsden and ¥artin, 1838). Two
plating agars were used: eosine = methyiene blue agar (uvifco,
dehydrated) incubated aerobically for the isolation of coliforms
ani other granenegative rods, and tugonagar {(3.B.L., dehydrated),
described by Vera (1947), incubated anaerobically for the iso=-
lation of more fastidious types. There were several reasons
for enmpleying this latter medium rather than a liver-iafusion
agar, which might seem more apnropriate: Lugonagar is sasier
to prepare and is perfectly transparent, bHut more important,
of the many agars tried for the isolation of fastidious facule
tative anaerobes and obligately anaercuic types in the cecal
feces of turkeys, this medium comsistently gave the highest or
at least as high counts as the cother media employed (Harrison,
164¢). In addition, a single blood agar plate (Uifco blood
agar base to which was added 10 per cent cow blood) was streaked
with a luopful of the 10™> dilution and incubated aerobically.
This medium was used in case there were present in the liver
sample a&erobes which could not grow on the b.i.B, plates. (In

no instance were bacterial types isolated from the blood agar

which were not encountered cn the L.M.B. or Lugonagar plates,.)



Anaerobiosis was prodeced accerding to the method of Weiss
and Spaulding (1937), and about 10 per cent carbon dioxide was
added to the anaerobic jar af ter the last evacuation, before
adding the hydrogen,

After the incubation period, the counts on the .M., and
Sugonagar plates were recorded., Representative colony types
were thon picked and subcultured onto Lugonagar slants, BHach
colony 80 selccted was numbered, and 1ts appearance recorded.

The inoculated Cugonagar slants were labeled in a system=
atic manners the number of the colony from which the respective
tube was incculated was attached by means of a hyphen te the
number of the liver sample plated. Hence, the lineage of every
cul ture may always be traced, For exanmple, & tube labeled
0l.-7 contains the progeny from colony number 7 of liver number
61,, Since the appearance of this cniﬁﬁy; the medium from which
it was isolated, otc, has been recorded, as well as inforaation
pertaining to liver 01, {table 2), & 1ittle of the backgrounad
of culture OL«T7 dis therefore at hand,

The cultures on ugonagar were incubated acrcbically or
anaerobically depending upon the plates from which they were
taken, and incubation was now at the customary 37 C.

It should be mentioned before proceeding further that in
evary ingstance the pour plates were in the incubator within
1+ to 3 hours after the arrival of the turkey at the labora-
torye Turkeys which could not be handled immediately were
discarded, no attempt being made to plate any livers except

those from recently acquired birds,
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TABLL 2

A listing of the blackhead liver samples obtained from the

Y R b d

different turkey flocks and certain data
pertaining to these liver samples

Flock Hode of Sanmple Weight of Hanner of death
number infection number sample in of the turkey
of the grams from which sample
flock was obtained

6L - A o
8L 4,0
Artificial S 4,3
(Bectal inocu~ 10L 3.2 ied of
1 lation with 11L 2.2 the
Histomonas 15L 2.5 disease
mai&agpiais) 16L 2.3
i7L 2,0
18L 2e2
141 1.8

Ll A B F E R 2 X 2 2 4 2 & 2 2 2 2 L 2 2 Z 2 T 2T XL 2 T L _F L 2 2 £ 2 2 2 T Z T F_ 2 2 R 2 X 2 J 2 X 2 X 2 2 2 T X = _FE_2 X J

Hatural 31L 2.1 sacrificed
2 (Contaminated 32L 5.2 Tied
surrocundings) 33L 4.1 Sacrificed

341. 4.5
Natural 38L Ted vied of
3 {Contaminated 36L 5.2 the
surroundings) 38L 4.7 discase
39L 4,9
40L S.5

D S G A Y G G N NS S AR A AN S A W S A D R A T N D WS S AN R SRS S D G G0 A TS N O O P AR A A AR B N D A S e W

4 Xatural 3TL 6,6 sacrificed

RS AT AR N SR S W SR UGN AU G R SN BN AN TP SRS AN TS WRE NS MR SR W W PR ARD A il T N G A S IS A W G WIS GO IR T I T T NS IR S W N T R WS S IR I G NS W



TABL:. 2 CONTIKULU

Flock Hode of Sample Wedight of

number infection number sample in
of the grams
flock

Manner of death
of the turkey

from which sanple

was obtained

25

S RS S D A W A G SN N SN A AR D T AN GNP AN IR A AND AT YIS R WGPy A A S A A . SN W G T S TUS AR WS NN A A SO A AP SN VR SR W S A T S A A

411, Ga2

42L 4.7

431 6.5

443, 6.1

Artificial 481 4,0
(kectal dinocw 46L 4.7
& lation with 47L 5.1
Histomonas 481, B.2
mgIaangﬂI&) 441, 5.5
50L 4.5

51L 5.4

521, -

BSL B.4

541, 4,6

Artificial 851, 4.6

(Rectal inocu~ 56L -

€& lation with 571, 5.0
Histomonas 581, £a4
mwie&griﬁis) 591, 8,0

601, G4

611, 4,9

ed

Died
Sacrificed

Died
Sacrificed
Sacrificed
Sacrificed
Sacrificed
Sacrificed
Sacrificed
sacrificed
sacrificed
Sacrificed

sacrificed

521 5.7

631 6.9

Natural 641 5.8

? (C()ﬂiamin&t@d 'ﬁﬁ{a 5.- 5
surroundings) 66L 8.0

67TL 6,0

TOL e &

T2L 7.0

Sacrificed
aacrificed
sacrificed
sacrificed
Died
S5acrificed
Sacrificed
Lied

8 Katural GEL 4.8
T1L 6,3

Died
sacrificed

A S DN S D WP S NG I GO U TR A A - S A G S SN Y W G AT P A A0 g N B I g AN A W MR A N W W G S B S b A GRS S G SN A AP AT U Wl
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TABLE 2 CONTINULD

Flock Hode of sample Weight of Hanner of death

number infection nunber sample in of the turkey
of the grams from which sample
flock was obtained

9 Ratural 68L 9.2
8.2

T3L sacrificed

10 Natural T4L 3,7 Sacrificed

A WD S T SR G AW T R 3 SN R BN G B A T A G TN SN N A AU G- G TP A IR S R D U D A S A A T A D

L a2 2 2 2 X 2 1 2

76L 5
11 Natural 78L 6,
79L 4

4]
5 Sacrificed

»
»

12 Natural T7L 4,9 Sacrificed

A S G B AP -GS A S A G L W 2P N G SN2 AN AR . TS VD D O TORE A MBI A A A DO S AN T AR NS A S G W SO U S G

13 Katural TEL 8.6 Sacrificed
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2. FPreliminary studies with the bacteria isclated frou

blackhead liver lesions. Certain preliminary tests were undere

taken su that the bacteria isclated could be grouped together
for convenience sake, The extent of these preliminary investi=-
zations depended upon the number of infected livers availabie
at the time for sampling. The preliminary tests usually ine
cluded the following: oxygen tension preference, morphology,
gram reaction, and some biochemical tests such as fermentation
of the more comnon carbohydrates., kith some bacteria, identi=
ficaticn as to species was completed at this stage. The grame
negative rods with the characteristic appearance on L.i,B. agar,
characteristic I14MViC reactions, and which produced acid and

gas in tubes of lactose broth were identified as pscherichia

coli and no further tests applied, These cultures were then

discarded except for one or two from each liver yielding this
speclies, These were lyophilized for use in the pathogenicity
tests to be described. The other bacteria were not as easy to
identify, and representative strains were lyophilized so that
they could be studied in more detail at a future date, as well

as for us¢ in the pathogenicity tests.

4. Limitations of the sawpling technique employed. Ome

could raise the question as to why the entire blackincad liver

from each turkey stuwdied was not mascerated, in this way avoide
ing the yossible selection of a sample which perhaps was not
truly representative of the liver as a whole. Although this

might be conceded, the greater risk of contamination in
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rencving and handling an entire liver would more than offset
such theoretical advantages,

Bacterial surveys of this type are of course always limited
by the culture media used, The chance is ever present that
bacteria may reside in the sample which are not capable of culti-
vation on the media employed, or for that matter on any artificial
media, This was the case in this study, and later mention will
be made concerning organisms which were cobserved microscopically

but which were never isolated froam the pour plates.

S The plating of liver samples from healthy turkeys.
¥hether bacteria reside in the tissues of healthy animals is
8till controversial according to Tanner (1848) and 1t is not
the purpose of this work to argue pro or con on the matter,
However, the technique ocutlined on the previous pages was ape
plied to 15 livers from apparently healthy turkeys. These
sanples served as controls in this survey. The majority of
these liver samples did not give any colonies on the agar plates
and can therefore be regarded as containing no cultivatable bace
teria, at least not in numbers exceeding one organism per ten
grams of liver sample., A few samples yielded an occasional
plate which showed one or several surface colonies., These
never appeared in a sequential dilution range, and when a
film was prepared and viewed microscopically these were ine
variably seen to be cocci or aerobic spore-~formers, These
cccasional colonies were therefore regarded as arising frowm

chance contamination, It is felt, therefore, that any bacteria
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from blackhead liver samples which occur in a definite dilution
rarge represent an abporeal condition, and that thess bacteria
may be safely regarded as having acconmpanied, or followed, the
histomenad from the intestine to the liver, unless they have
perhaps lodged in the liver as a result of some chance indew
pendent concurrent infection, which is uniikely since the
syptomology of all the turkeys tested was that of blackhead
disease only.

3. The technigus employed to determine whether

the bacteria from blackhead liver lesions
are in thewselves pathogenic

Fortye-nine bacterial cultures, representing the various
bacterial types isolated from the blackhead liver samples, were
injected into poults in order to determine if these bacteria
were in themselveg pathogenic,

The cultures were cultivated on either heart infusion
agar (iifco, dehvdrated) or Sugonagar for 18 to 24 hours at
37 C. Anaerobic strains wers grown anaercobically according
tc the method of ¥Wedss and Spaulding (1%37), and as usual,
about 10 per cent carbon dioxide added to the anaerobic jar
af ter the last pvacuation, before adding the hydrogen.,

After the incubatiocn period, a few ml of sterile (.85
per cent sodium chloride were addod to each slant and the growth
rubbed free from the agar by means of a sterile inoculating
loop. The resulting bacterial suspensions were transferred

to sterile tubes and sufficient isotonic salipe added to
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produce a suspension that allowed 78 per cent light transmission
as detected enploying a Coleman Universal Spectrophotometer,

One-half ml of each bacterial suspension was injected
into two 600 to 1200 gram poults via the large wing vein ex-
ploying a 2 ml ayringe with a 3/8 inch, #26 needle., The poults
were then placed 1n cages and observed daily for about one
wonth, Upon the appearance of iliness the bird was sacrie
ficed or allowed to die and then autopsied. Likely organs,
especially the liver, were cultured in order to recover the
injected bacterium, After the observation geriod, all remaine
ing apparently healthy poults were also sacrificed and autop-
sied,

When a bacterium was recovered from the organs of a
diseased poult it was compared to the strain originally in-
Jected, ©Such tests as gram reaction, morphology, and

fermentation reactions were used for this comparison,

Ce Identification of the bacteria
isclated from blackhead livers

1. Gramenegative rods. The majority of the granenegative

rods isolated were strains of Lscherichia coli, and as has
been mentioned, they were ildentified as a result of the pre-
liminary tests. These included the appearance of the cclonies
on E.M.B., agar (Lifco, dehydrated), fermentation of lactose
and sucrose (employing Difco phencl red broth base to which
the carbohydrate was added in a concentration of 1 per cent),

and the INViC reactions. To test for the production of indole,
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about 1 ml of Fovac's reagent (Mapual of methods for the pure
culture stuly of bacteria, 1845) was added to about b ml of a
oneg day old and a two day old tryptone broth (Difco, dehydrated)
culture, The meothyl red and Voges=Proskauer tesis wers undere
taken using Mi-VP broth (Uifco, dehydrated), and citrate utilie
zation eamploying Simmon's citrate agar {(uLifco, dehydrated),
Three other species of gramencegative rods were encountered,
They were studled uwsing the tests just ocutlined, as well as
some additional tests which will be mentioned when necessary

in the results section of this dissertation,

2. Cocei. The 14 lyophilized cultures of coccl were
opened into tudbes of trypticase soy breoth (B,B.L., dehydirated)
and after incubation for 24 hours were streaked onto Fugonagar
plates. ¥Tach culture (except 35L=-8) gave rise to uniform
colonies of a1l the same appearance, Cultures 6L-T7, 10L=8,
anid T2Lel produced colonies characteristic of the genus

Micrococcus. They were round, smooth, convex, opague, and

creater than 1 mm in diameter, often 3 mm in diameter, <Colo=-
nies of T2ie~1 were pigmented yellow, the others white, Culture
35L=8 produced unusual colonies, They appeared biuish to the
unaided eye¢, while under the hand lens appeared nearly trans-
lucent. They were about 0,5 mm in diameter and appeared rather
flat, Their ecdpe was not always entire, but somewhat lobate.
An occasional colony was unusuval in that within it there ape

peared to be a daughter colony which was smaller, more opagque,



whitish, and convex, The 10 ovther cultures produced unifora
colonies. They were 1/3 to 1/2 me in diameter, smooth, convex,
opague, and white. Uccasionally & well isclated colony would

have & diameter as great as 1 mm,

&%

4 single colony from each culture was transferred to a
Lugonagar sliant, From this sediur stock cultures were prepared
by inoculating veast extract glucose slants of the following
percentage ceomposition: yeast extract, 2.23 KzHPO,, 0.24
#g504.TH0, 0.01; glucose, .20} and agar, 1.5. After incu-
bation for 24 hours these slants were stored in the refrigerator
at 8 C, One culture, 16L~13, developed only feebly on this
medium, The other cocci, however, grew well and remained
viable for weeks in the refrigerator between transfers.

The cultures were prepare:dl for inoculation into various
test media by transferring a loopful of growth from the stock
slants into trypticase breth., This general purpose medium had
the following percentage composition: trypticase (ba.is,L., de=
hydrated), 2} K, HPU,, 0.23 ﬁg&04.7ﬁgﬁ, 0.0l and glucose, 0,25,
About 0,1 ml of an 18 to 24 hour culture of each coccus in this
broth was inoculated by weans of a pipette into fresh tubes of
this same sediwa in triplicate. One set of tubes was then
incubated at 10 €, ancther at 45 C, and the third set was
heated to 61 C for 30 minutes and then cooled under the tap
and incubated at 37 € for two weeks, These and other tests
to be mentioned are employed for the identification of members

of the genus Streptococcus (Sherman, 1637). Horphological
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studies and gram stains were made from this medium (also frow
the yeast extract glucose agar), and in addition it was used

to test for catalase production, About 2 ml of 3 per cent
hydrogen peroxlde were added to 10 ml, 24 hour cultures of

the cocei in the {trypticase glucose broth. The culture was
considered catalase-positive 4if bubbles of gas appeared withe
in a half hour at room temperature, The same medium to which
was added 0.1 per cent KNOy was employed in testing for nitrate
roeduction, One and two week ¢ld cultures were tested for the
presence of nitrite using the sulphanilic acid and dimethylea-
naphthylamine reagents, and for nitrate employing diphenylamine
and svifuric acid (Manual of methods for pure culture study of
bacteria, 1943).

To test for growth at a pH of .6 the trypticase glucose
broth was adjusted to this value using the boric acid -
potassium chloride « sodium hydroxide buffer described by
Clark (1928). The bhroth was made up as follows: To 500 ml
of trypticase glucose broth prepared double strength was added
60 ml of 0,3 ¥ M4B0,, 80 ml of 0.5 M HCl, and sufficient
0.5 ¥ NaO¥ (about 150 ml) to bring the pH to 10,0, Then water
was added to dbring the inpredients to the proper concentration,
the broth dispenserd in 10 ml amounts in test tubes, and sterie
lized at 12 pounds for 12 minutes.

In order to test the salt tolerance of the cocci, the
trypticase basal containing 0, 2, 54, 64, T, and ¢ per cent

added sodium chloride was empleoyed, The trypticase glucose



broth and the salt solutions were preparcd double strength,
avtoclaved separately, and then mixed together aseptically.
ach of the hroths was dispensed in 10 ml amounts into sterile
test tubes which were incubated at 37 ¢ several days to check
sterility, Here again inoculation was by means of a pipette,
and consisted of 6.1 ml of the respective 24 hour trypticase
glucose Droth culture.

In a like manner the following media were inoculated with
each of the coccir litmus milky skim milk in duplicate, to
test both for final pH after incubation for twu weeks and the
titratable acidity resulting at the end of this incubation
periody; and U.1 per cent methylepe blue milk, This later medi-
um was prepared as follows: To 400 ml of fresh skim milk ware
added 10 grams of skim milk powder (Lifco) and the resulting
mixture shaken well and autoclaved at 12 pounds for 12 minutes,
A second solution consisting of 0.5 gram of methylene bluse
(uifeo, 84.4 per cent dye content) in 100 ml of water was
prepared and also auteclaved., When cool the two solutions
were mixed together aseptically and dispensed into sterile
test tubes in 10 ml amounts. The inoculated tubes (0.1 ml of
a 24 hour, 37 ¢, trypticase glucose broth culture) were incu=
bated for two weeks, after a preliminary incubation period
to check sterility.

To test for the liguefaction of gelatin two media were
employed; nutrient gelatin (Difco, dehydrated) and a tryptie
case gelatin of the following percentage composition: tryptie

case, 0,57 K HPO4, Gua23 2MgS504.7TH,0, 0,013 glucese, 0, 608; and
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gelatin, 15, Lsculin broth was prepared by adding to 500 ml
of heart infusion broth (Uifce, dehydrated) 1 grar of Eﬁzvﬂé
and 0,9 gram of esculin and adijusting the pH to 7.4 with sodium
hydroxide; this broth is similar te that employed by Plastridge
et al. (1942), Sodius hippurate broth was prepared by adding
to heart infusion broth sedium hippurate in a concentration
of 1 per cent. These 4 media were inoculated with a loopful
of culture taken froam a 24 hour yeast extract glucose agar cule
ture of the 14 strains of cocci, Esculin was considered spliit
if a heavy bLlack color resulted upon the additicn of 1 drup of
a 1 per cent solution of ferric citrate to 24 ml of the 2 week
0ld culture, The cultures were considered hippurate-positive
if the addition of ferric chiloride resulted in the formation
of a heavy, buff precipitate.

The fermentation reactions of the 14 strains of cuccid
were determined by nmeasuring the final pH in various substrates
after incubation for two weeks. The glass electrode was used
in taking the measurements, The mediunm employed had the fole
lowing percentage composition: tryptone (Lifco, dehydrated),
2y E AP0, 0.25 Mgs504.7H,0, 0.01; and sufficient substrate to
form 1 ver cent substrate., All substrates ware autoclaved
together with the base except xylose, arabinose, maltose,
melibiose, and cellobiose which were sterilized separately
by filtration and added aseptically to the autoclaved base.
These tubes were alsoe inoculated with a loopful of a 24 hour

yeast extract glucose agar culture of each of the 14 strains
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of cocci. Tryptone was used in lieu of trypticase since the
fermentation reactions of cocci isolated from the cecal feces
{(Harrison and Hansen, 19560a) had been studied in this nitrogen
source, and we desired to compare the fermentations of the
liver cocci with these fecal cocci.

The hewmolytic activity of the cocci was tested uwsing the
test tube method with sheep cells (Hansen gt al., 1933) and
using the plating technique employing horse blood (Brown,
1918).

FPour ml of sterile defibrinated sheep blood were added
to each of two, 10 ml graduated centrifuge tubes which were
then centrifuged for 5 minutes in an Internmational centrifuge,
The serum was removed with a medicine dropper, 6 ml of 0.85H
rer c¢ent sodium chloride added, the cells shaken, and recentri-
fuged, This process was repeated twice, the time of centrie
fugation being 10 minutes after the last addition of saline.
The sheep cells were made up to a 5 per cent solution using
isotonic saline and a hemolysin titratioen run as follows!
One~half =ml from an 18 hour, 37 ¢, heart infusion broth cul-
ture of each coccus was placed in a small test tube and 4 ml
of the 5 per cent sheep cell suspension added., The tubes
werce then placed in a 37 € water bath and cobserved after 20
minutes, one hour, and three hours, Two controls were run
simul taneously} one with the sterile broth and sheep cells,

and the other with saline and sheep cells,
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In order to detect hemolysis by the plate method, a loop=
ful of culture was placed in a sterile petri dish and & per
cent horse bleod in heart infusion agar (pifco, dehydrated)
was poured into the dish, mixed well, and allowed to soclidify.
The plates werse dncubated at 37 ¢ and cbserved daily for three
days, after which time they were read amd then placed in the
ice box for 24 hours and observed again, I incubated wy
plates one day loager than Drown (1919) recommsendsd, because

my streptococei produced such feeble reactions,

3. Gram-positive rods. The lyophilized cul tures of the

gram=positive, rode-shapsd bacteria isolated from infected
turkey livers were opened into tubes of trypilicase soy broth
(&.B.L.; dehydrated) and incubated anamerobicaliy at 37 C, At
the end of two days? incubation the reds were transferred to
Sugonagar (B.B.l.., dehydrated) slants and incubated anaerchicale
ly for 24 hours, The cul tures were then streaked from these
slants onto plates of the same wmedium, After anaercbic incu-
bation for two days a single colony was picked from each of
these plates and subcultured into fresh tubes of Hugonagar.,
In some instances there appeared to be wmore than ene colony
type on the Bugponagar plates, When this occurred, one colony
typical of cach type was subcultured onto the agar slants,
and cach then carried and tested as an individual strain. It
was felt that these different colony types were either due to

an impure parent culture or resulted fro=m variation of the
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parent culture, In either case it was deemed advisable to
handle each type separately rather than simplify matters, Ly
keeping one and discarding the cthers in the perhaps errcnecus
assumption that the different colony types had little signifie-
cance,

The problem of labeling these daughter strains was solved
by merely adding lower casec letters after the parent culture's
number. For example, strains J9L-l6a and 39L=-16b are progeny
arising from two different colony types derived from parent
culture 39L-16,

The resulting 27 strains were transferred from the Hugone
agar slants to duplicate slants of yeast extract glucose agar
(yeast extract, 2.2 per centj KoHPO,, 0.2 per centj Mg504.TH,0,
0.01 per centy glucose, 0,25 per cent; and agar, 1.5 per cent),
ne set was incubated aerobically and the other anaerobically,
The growth on the surface of the slants and in the stabied
portion of the butts was compared in both sets of tubes in
order to determine grossly the oxygen tension preferred by
these bacteria,

Stock cultures of these rods were carried on yeast extract
glucose agar slants. The tubes were incubated aercobically or
anaerobically, depending upon their preference, at 37 ¢ for
18 to 24 hours and then placed in a refrigerator kept at about
g C, The anaerobic slants were kept within the anserobic jars
in which they had been incubated, the Jjar itself being placed

in the refrigerator. These stock cultures were transferred
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gvery one or two weeks, One culture, 1l8L-06, which grows only
feebly on yeast extract glucose agar was kept on Lugonagar,

MHorphology, the gram reaction, and catalasce production
were deternined on the yeast extract glucose medium, A few ml
of 3 per cent hydrogen peroxide were added to 24 hour slant
Cultures of the respestive orgonisms, which were then ouserved
cver & half hour period at room temperature, A culture was
considercd catalase-positive if bubdbles of gas appearsd.

A broth of the following percentage compesition was cme
ployed as the bhasal in the fermentation teste: yoast extract,
2.23 KpMPo,, 0.23 and ﬁgﬁﬂé.?ﬂzﬂ, 0,921, sufficlient substirate
was added to form 2 per cent substrate, ALl substrates ware
autoclaved together with the basal except xyiose, aravinose,
maltose, melibiose, and cellobicse which were sterilized
separately by filtration and added asepticaliy to the autoe-
claved basal, The advantages which result when certain carboe-
hydrates are auvtoclaved together with the sitrogen souwrce have
been pointed out in the researches of the Oria~Jenseus (1932,
1833). TFermentation was detected by measuring the final I
developed in the various substrates after two weeks' Incubae
tion at 37 C. The pH was mcasured by means of the glass
electrode, The tubes of the substrates were incculmted with
growth taksn from 18 te 24 hour Eugonagar slant cul tures of
the respective bacteria. This medium was used here rather
than the yeast extract glucose agar because it yields a heavier

cell crop.
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The same basal as employed in the fermentation studiles
above was used in testing for nitrate reduction. To this
basal were added 1 per cent glucose and 0.1 per cent KNUj. One
week old and two week 0old cultures were tested fo} the presence
of nitrite and nitrate using the same reagents as employed in
the case of the cocci,

In order to determine the temperature range permitting
growth of the different strains, growth from 18 to 24 hour
cugonagar cultures was inoculated in septplicate into the
same yeast extract basal containing 0.5 per cent glucose and
(.08 per cent sodium thioglycolliate., Test tubes half full
with this broth were cooled to about 40 C immediately af ter
autoclaving, inoculated with the respective organism, and then
sterile vaseline poured over the surface of the broth to form
a layer about 3/4 inch thick. These tubes were incubated in
water baths at 20, 30, 37, 41, 43%, 45%, and 494 C for a week,
except the 20 € tubes which were incubated two weeks.,

To check for motility of the cultures they were observed
in wet mounts smicroscopically. The yeast extract basal plus
0.8 per cent glucose was one of the media employed. The ovther
was a broth of the following percentage composition: tomato
Juice (centrifuged), 203 yeast extract, 1; trypticase, 1; and
glucose, 0.25., The morphology of the bacteria in this latter
medium was also observed, after the coverslips were removed
from the wet mounts and the film thus foermed allowed to dry

and stained with polychrome methylene blue (Lillie, 1842),
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Tubes of fresh skim milk (autoclaved at 12 pounds for 12
minutes) were inoculated in duplicate in order to determine
the final pli developed after two weeks' incubation at 37 ¢ and
alsc the titratable acidity formed after this same incubation
period.

Cas production was detected using vaseline-sealed tubes
of a broth of the following percentage composition: tomato
juice (centrifuged), 20; yeast extract, 1; trypticase, 13 and
glucose, 2, The obligate anaerobic strains were inoculated
into this same modium containing 0.1 per cent sodium thioglycole
late as an additional ingredient., Immediately after autoclaving,
the broth was coogled to about 40 €, inoculated with the re-
spective organism, and then the swfiace covered with sterile
vaseline to form a layer about 3/4 inch thick.

Uninoculated tubes were of course prepared in a like
manner to serve as countroils. Gas, when produced, pushed the
sceal from the surface of the medium, and in some instances
completely out of the tube., It was considered advisable that
the tomato juice broth for this test be of the same composition
as the broth used in the flask cultures for the determination
of the products resulting from glucose fermentation by these
gramepositive rods. The tubes were incubated at 37 C for two
weeks,

Nineteen representative cultures of the grame-positive
rods were grown in flasks in order to determine the products

resulting from glucose fermentation by these bacteria., The



technigue employed is outlined in the following paragraphs,

De Determination of the products resulting from
glucose fermentation by certain bacteria
isolated from blackhead liver lesions

1. Preparingy and dispensing the medium,. A broth of the

following percentage composition was employed for the culti-
vation of the facultative anaercbes: tomato juice (centrifuged),
203 trypticase, 1§ yeast extract, 1; and glucose, 5. Obligate
anaerobes and sitrains which grow considerably better under a
reduced oxygen tension were cultivated in the above mediun to
which was added 0,1 per cent sodium thiocglycolliate,

Pefore making vp te the final volume, the pH of the broeth
was adjusted to about 7.2 with sodium hydroxide. After thorough
mixing, the broth was dispensed in 300 ml amounts into one=-
liter erlenmeyer flasks, each of which contained 16 grams of
powdered calcium carbonate, The surface of the sodium
thioglycollate broth was covered with about a 3/4 inch layer
of melted vaseline, All the flasks were then stoppered with
gauze~covered cotton plugs, and these plugs covered with
heavy brown paner, Immediately the flasks were labeled with
a wax pencil, weighed to the necarest gram, and sterilized by
avtoclaving at 106 pounds for 15 minutes. Jumediately after
autoclaving the flashs contadning the vaseline-covered bLroth
waere placed in a trough of cold water so that the vaseline

seal might guickly harden,
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2. Inoculation and incubation. The flasks were inccue

lated with a heavy loopful of an activelye-growing culture of
the respective organism. The inocula were taken from =4 hour,
a7 €, yveast extract glucose slants, except for strain 18Le8
which was taken from a Dugonagar slant, The anaerobes ware
incculated exactly as the facultative anaerobes excepnt it was,
of cmurgw; necessary {irst to make a hole through the vaseline
seal. This was accomplished by means of a hot incculating
loop. The anaerobe was then inoculated into the depths of

the nediun throuwgh this small hole,

The {lasks were incubated at 37 € for 3 weeks, They
wore pently shaken periodically in order to agiltate the layer
of carbonate. The flasks containing the vaseline-covered
broth were agitated by gently rotating the flasks about their
vertical axes on a flat surface s¢ that the vaseline seal
would mot sink or break up, The action of the generated acid
upon the carbonate produced carbon dioxide which helps maine
tain anaercbiosis,

Flasks of uninoculated broth were incubated along with
the cultures to serve as controls in these experiments. The
contrel flasks were handled in a manner identical with the
inocculated flasks, even to the extent of the periocdic agita-

tion.

3¢ Ireparation of the culiwres for analysis. After the

incubation period, each flask, including the controls, was re-

welghed te the nearest gras and the loss of welight {(resulting
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primarily from evaporation) was corrected by adding water to
the original weight. The flasks were then shaken, the carbone
ate and cells allowed to settle, and a 20 ml aliquot was pipet-
ted off and placed ip a ciean 500 ml volumetric flask in order
to determine the amount of glucose remaining in each flask,

To this volumetric flask were added 400 mli of water, 20 ml of
a saturated sodium fluoride (about 50 grams of MaF in 100 ml
of water at room temperature), and 174 ml of a solution of
copper sulfate (40 grams of Cub0,4.5H,0 in 1000 ml of water).
The pH of the resulting solution was then adjusted to 6.5

with sodium hydroxide and sufficient water added to bring the
level of the solution to the mark, The flask was then shaken
and the flocculate allowed to settlej this usually took an
hour or so., Duplicate 20 ml aliquots of the greenish, clear
supernatent were used in the sugar analysis; Betrand's method
described by Kertesz (1930) being employed. The guantity of
glucose in the control flask differs from that originally
added because the tomato Juice and yeast extract contain some
carbohydrate and because some glucose is lost by reacting with
the peptones during autoclaving,

A secund aliquot, in this instance 400 ml, was removed
from each flask and acidified with concentrated C.P, sulfuric
acid (5 to 10 m1) to a pH of 1.0, This aliquot was tested for
volatile and nonvolatile acidity as outlined on the follewing

;}ages .

4. ietermination of voiatile acidity. The acidified
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400 ml aliquot from each flask was stean distilled (keeping
the volume within the distillation flask constant) and about
1600 ml of distillate collected, which reguired about 3 hours.
The control flasks were of course steam distilied since the
uninoculated medium contains some volatile acid, The 1600 ml
or so of distillate were shaken and 1060 ml aliguots were ti-
trated with about 0,00 normal sodium hydroxide using phenc-
rhthalein, Usually three titrations were made and the average
emnployed in the calculations; the remainder was discarded.

The per cent fermented glucose converted to volatile acid,

calculated as acetic acid, is equal te the following relation-

ships
Nr.of millieqvtis. j er.of milliegvis. |
of base nec. to 5 . of base nec. to 5
neutralize the X 4000 neutralize the X =i 60
entire stean= entire steam=
distillate frowm distillate froa
the cult, flask. the control flask.
T Y 100
5 Nr, of grams of% Kr. of grams of
glucose in the @ ___ glucose in the
control flask cul ture flask

5., Letermination of monvolatile acidity. The stean-

digtillied cultures were extracted with reagent grads diethyl
ether in a liguid extraction apparatus in order to remove the
nonvolatile acid present (figure 1).

The ether employed in the extractions was first tested
for the presence of acidity by titrating with dilute base, anmd

for the presence of geroxide by adding a few ml to an agueous
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solutien of potassium iodide acidified with hydrochloric acid,
The liberation of iodine (reddish-brown color) from the potase
sium iodide solution 1s indicative of peroxide,

An indication of the time required to extract all none
volatile acid from the culture was determined experimentally
as follows: To 1500 ml of distilled water in a 2 liter crlen-
meyer flask were added 70 ml of lactic acid (C.P., 85,0 per
cent)., This rosults in about a 0.5 normal sclution after
autoclaving at 148 pounds for several hours., The solution of
lactic acid was titrated again after standing several days to
see if all lactide (Bancroft and Davis, 1931) had been converted
to the free acid as a result of autoclaving. Xo increase in
acidity was noted. Four-hundred nls of this agusous lactic
acld were then extracted with about 270 ml of ether. The rate
of flow of ether threugh the acid seolution was approximately
& =1 per minvte, A titration of this acild was made at zero
hours, before placing it in the extractor, Titrations after
extraction for varicus timewintervals were made by removing
5 ml aliquots from the aqueocus phase in order to plot a curve
of the per cent lactic acld extracted ves. the time of extrace
tion (figure 2)., It was found that in 24 hours 92 per cent of
the acid had beon extracted; in 2 days, 99 per cent; and after
three days' extraction almost 100 per cent of the lactic acid
had been extracted from the agueous phase, Therefore extrace=
tion of the cultures for 3 days should be sufficient to remove

the nonvolatile acidity; I, however, extracted for 4 days to
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allow a porod margin of salfety,.

Af ter completion of extraction, the extraction apparatus
was removed from the boiling flask, about 60 ml of distilled
water added to this flask, and the ether evaporated under the
hood, The resulting ambere-celored solution of nonvoelatile
acld was made wvp to 100 m1l by adding more water, After mixing
waii; G m1 aliguots of this acid were titrated with about 0.3
nornal sodivm hydroxide uwsing phenophthalein, Three titrations
waere perforsed with each culture and the average value cobtained
used in the calculations. Multiplying the average number of
ml base requlred to peutralize the 5 ml aliquot, the noramality
of the base enployed, amd the number of § ml aliguots preseant
in the extract (20) gives the number of millieguivalents of
nonvolatile acid in this extract, The per cent fermented
glucose comverted to nonvolatile acid, calculated as lactic

acid, is egual to the fcllﬁwing relationships

. : \
?K%r.af milliegvis. ‘ ¥r,of millisovis. i
. of base nec. to - of base nec, to
AOULIRIIZE the 71 eeeies e neutralize the x __5 ' agp
entire cther 4000 entire ether 4000
extract from extract from
thm cmlt fiask. tha crntrml fiaak. .
SR L R Y 100
[ R, of crans of %r. af yrﬁms of
! wilucese in the aluvcese in the

- control flask, 7 culture flask

6. ireparation of zinc lactate., The remainder of the

agueous solution of nonvelatile acid was heated toward boiling,
sufficient C,7, zinc carbonate added to meutralize the acid,

and norit for decclerization. The heating was continucd for
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5 minutes, and the mixture then filtered through a Buchner
funnel using suction. 7The resulting pad of norit was washed
once with a small amount of hot water. The clear soluticon of
zinc lactate was decanted from the filter flask into a large
evaporating dish and the crystals collected in two fractions,
In some instances, wheryg little nonvolatile acld was formed,
the crystals were harvested in one batch, In some cases,
whoere the zi:c lactate was sufficiently concentrated, the
first crystal fraction could be collected upon cooling the
hoet sclution, Hawaver; usually crystallization was allowed
te proceed after siow cvaporation of the soletion in the 37 C
incubator, IZach crystal fraction was filtered free of the
mother liguor on a Buchner funnel using suction, washed with
a few ml of celd water, and then placed in & clean, labeled
petri dish. These petrl dishes of crystals weres kept at room
tempoeratures until dry, after which time each crystal fraction
was pulverized with a mortar and pestie and then stored in
tightly closed vials, The water of crystaliization and the
optical retation of each fractiocn was determined as outlined

on the folleowingy pages,

7. Determination of the water of crystallization., From

about 0,3 to 0.4 gram of each fraction of dry, powdered zinc
lactate was placed in a small tared erucible and weighed to
the nearest milligram, The crucibles were then heated 2t

140 to 180 € for two hours after which time they were allowed

to cool in a calcium chloride desiccater, and then quickly
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reweighed to the nearest milligram. From the loss of weight,
the por cent water of crystallization was calculated, The
active salt (dextro or leve) contains two molecules of water
of erystallization, while the inactive salt contains three

molecules of water of crystallization (table 8),.

8, Determination of tho specific rotation, Sufficient

distilled water was added with a medicine-dropper to cover the
anhydrous lactate in the cruecibles, and by means of a small
stirring rod the lactate was broken up and suspended ip the
water, The contents of each crucible were then transferred
with the medicine=dropper to 30eml screw-top vials and each
crucible was washed out theroughly with distilled water and
the washings added to the respective vials. bLach vial then
contained 15 to 20 ml of agueous zinc lactate and each was
labeled with the nusber of the culture, crystal fraction, and
the anhydrous weight of the lactate therein. The vials were
stored in the refrigerator at 8 C prior teo rotation with a
polarine ter,

The specific rotation of each batch of crystals was
determined using a polarimeter with sodium light. An attempt
was made to measure the angle of rotation of the solutions at,
or abeut, 15 €, The vials were placed in a 15 C water bath,
the contents poured Into 25 ml volumetric flasks and the washe-
ings from the vials added to the flasks which were then filled

with distilled water to the mark., These flasks were also kept
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at 15 ¢C. The contents of the flasks were shaken well and a
portion was used to fill the decimeter tube, The angle of
rotation was recorded. The polarimeter zero point was dee
termined using distilled water and the instrument was checked
using a sample of maltose of known concentration and known
optical activity. (4 0.938 gram portion of this disaccharide
was dissolved in 25 ml of 0.1 per cent ammonium hydroxide and
the specific rotation determined to be +130,6, which compares
well with the value of +130,4 as given on the label,)

From Lowry's (1930) data in the International {pritical
Tables a graph of specific rotation vs. concentration of the
active zinc lactate has been prepared (figure 3). Purdie and
wWalker (1895) have also provided information of this nature,
but their investigations were carried out at a somewhat lower

temperature, namely 10 €, and therefore are not included in

the figure.

e Sources of error, The greatest source of error in
the techniqgue cutlined occurs as a result of steam distillae
tion., Fowrehundred ml of a 6,0 normal solution of lactic
acid and 400 ml of this same acid containing a known amount
of acetic acld were steam distilled in the manner cutilined,
By observing the quantitiy of base reguired to neutralize the
acid in the steam distillate and the acid resaining in the
distiliation flask it was discovered that the amount of

fermented glucose converted to volatile acid (as acetic) will
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TADLE 3

Some physical properties of active and inactive zinc lactate

Form of Molecular Per cent Solubility in
zinc lacgtatew weight water of 100 ml water
crystallii- at 15 Cusw
zationd

AW - G - WS SUS SN A GUD: SN A W

S - - -

Active zinc lactate,
dextro or levo,

zn(cauﬁag)g.zxza 247,58 12,88 5.7 grams

Inactive zinc lactate.
Zn(ﬂaﬂsﬁa)ggfiﬁzﬁ 2??1.57 18.13 1Q6? g!"ams

# From Bancreft and pavis (1931).

## Prom Hodgman (1950).
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be approximately 8 per cent tve high and the asount of fermented
glucose converted tov nomvolatile aciad {(as lactic) will be
approximately 3 por cent too low. This Is due tu the fact

that lactic acid is somewhat volatile, and therefore a swall
amount appears in the Qistiliate,

A small additional errer in the nonvolatile acidity occe-
curs as a result of ether extraction., Although, as has been
pointed out, almost 100 per cent of the lactic acid is ex-
tracted from the agueous phase, it has been found that only
about 98 per cent is actually recoverable from the ether exe
tract in the bodling flask, This is probably due to formation
of some lactide in the flask, Hence when the amount of glucoese
necessary to form the actual lactic acid preasent is compared
with the amount of glucose necessary to form the recoverabls
lactic acid, it is found that this value will be approximately
1 per cent low,

To recapitulate then, although the values of volatile
and nonvolatile acid tabulated in the results section of this
dissertation are comparable and capable of duplication, the
absolute values may be expected to be in error by a few per
cent, about 3 per cent high in the case of the fermented
glucose converted to volatile acid (as acetic) and approxie
mately 4 per cent low in the case of the fermented glucose
converted to nonvolatile acid (as lactic), Thus, if a culture
is reported to convert 3.3 per cent of the fermented glucose

to volatils acid (caleculated as acetic acid), a figure of



3.2 per cent would bLe probably a closer vaiue, This very
small difference of course in nou way affects the species identie

ficaticn or other conclusions recorded in this dilsscrtaticon.



I1X
RiuBULTS AND LISCUSHION

A. The proportion of sampled blackhead livers yielding
cultivatable bacteria, the types of bacteria isolated,
their approximate numbers, and their pathogenicity

It may be seen in table 4 that of the blackhead livers
studied, 28, or almost 30 per cent, yielded cultivatable bace
teria. (That is, 29 liver samples produced colonies in a
definite dilution range on the agar pour plates.,) It is intere-
esting in this connection that Strong (1944), referring to
amoebiasis of man, mentions that in about 50 per cent of
amcebic livers bacteria may be encountered. bvidently the
chances of bacterial invasion of this organ are about the
same in untreated cases of amoebic dysentery of man and

blackhead of turkeys,
Some additional data may be gleaned from the table. For

one thing, when turkeys are sacrificed at the appearance of
synptoms and theldr livers immediately cul tured there is less
likelihood of encountering bacteria than when the livers are
sampled after death of the bird. ¢f the 36 turkeys sacrificed
at the appearance of symptoms, the livers of only 12, or about
33 per cent, yielded cultivatable bacteria, On the other hand,
of the 24 turkeys sampled after death, 17, or about Tl per cent,

yiclded bacteria. Hence, the chances of finding bacteria in
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TABLL 4

Comparisons of the number of blackhead livers froe
of cultivatable bactar L& with those

" containin ng cultivatable hmcter&g

¢ Liver Liver H
: samples samples 13
: containe free of 3
: ding culti- culti- : Totals
s vatable vatable @
: bacteria bacterias

A AU TP T TS . A T A W AR G AN G AN NP A -G R A A A A A A G G SN0 G A DGR TR W AR A R T AR T AR G WD AR R N AU S SR AR A A Y N
H 8
Liver samples From turkeys

from turkeys sacrificed at: & 13 : 18
acquiring the appearance ofj H
discase symptoms ] :
(rectal 3 :
inoculation From turkeys : :

with cultures found dead of: 10 4 H 14
of H,. the disease 3 3
meleagridis) : 3
PFrom turkeys 3 3

Liver samples sacrificed at: 7 11 3 18
from turkeys appearance of: 3
acquiring the symptoms H 3

naturally

(contamingtaﬁ PFrom turkeys i 3

surroundings) found dead of: 7 3 H 10
the disease 3 H

3
29 31 €0

Totals } y :
(48%) (52%) :
:

a8 SE BN &8
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blackhead livers is just about twice as great if the birds are
allowed to die befoure culturing their livers. Un the whole,
this tends to verify the findings of smith (1615) who stated
that hacteria "are rather uncommon in the liver necroses of
turkeys chloroformed at the height of the disease® while "turkeys
which die during the night, smears and cultures may show next
day several varieties of bacteria®, If his statement, howsver,
leans in either direction, it is in the direction of over=
simplification; since, of the turkeys I cultured after death,
about one-third were nevertheless sterile, and of those cultured
af ter sacrificing at the agpearance of symptoms, about one-third
did contain vacteria.

The ratio of the number of livers containing bacteria to
those lacking same i3 of a similar magnitude regardless of
whe ther the birds were infected naturally or artificially, and
hence these two modes of infection do not appear to affect the
chances of bacterial invasion of the liver in this disease.

A varying number of ceolonies were picked from the pour
plates and the resulting cultures were labeled in the manner
cutlined in the previous sectieni that is, the number of the
colony selected was attached to the number of the liver sample.
Thus, culture 1TLe3 is descended from the third colony picked
from the pour plates derived from liver sample L7L, Usually,
from 10 to 20 representative colonies were selected from the
pour plates, unless of course there were fewer than this

pnumber of colonies available.
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In table 5 are listed the 29 liver samples which yielded
bacteria, together with the bacterial types isolated, the plate
count ohtained, and the manner of death of the turkey from which
each saunple was acquired. (That is, whether the turkey was
sacrificed at the first appearance of symptoms or was allowed
to die of the disease.) For convenience, the samples are tabue
lated in three groups. The first group of 9 samples yielded
gran-negative, lactose-«fermenting rods onlyj the second group
of 11 samples rendered gram-negative, lactose«fermenting roads
together with one or more additional bacterial types as indi-
cated; and the third group of 9§ liver samples yilelded bacterial
types other than the gramenegative, lactose~fermenting rods,

It is apparent at a glance that these grame~negative rods
were the bacterial type most frequently encountered, occurring
in 20 out of 29 bacteria~infested livers. Although the identity
of the isclated bacteria will be discussed in detail elsewhere,
perhaps it will be apropos to mention here that these grame
negative, lactosee«fermenting rods have been identified as

strains of ischerichia coli. Thus, this sjpecies was the one

most frequently encountered, being isclated from one out of
every three blackhead livers sampled. 4% has been pointed out
earlier in this dissertation (“Eeview of the literature®,
page 13), Theobald Smith isolated this bacterium from blackhead
livers in 18%5,

Cocci were next in prevalence, occurring in 13 livers.

As has been pointed out, Kettger and Kirkputrick (1827) isolated
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TABLL B

The types of bacteria isolated from 28 blackhead liver
m§¥ e plate co

samples, ihe p unt obtained in each imstance,
and other perﬁinen ormaation
Sample Manner Plate count per Bacterial types
number of death gram cample isolated

AT S R SO T TP S A S A D YO G T A T N W S e T A N WO D AU W W R -G A A WO A Al G S AU RS A R IR A G5 MU N e AW

8L vied 5,000
gL ided 126,000
34L bied 31,000,000 Gram=negative,
6L Lied 80 lactose-fermenting
GOL pied 16,000 rods
671, Sacrificed 4,000
GBL Uled 2,000,000
751 Sacrificed 220
T61L Sacrificed 15

W W e A A W W W A @ W W e A A M SR W W W R W AR AR A E e A W W A

10L vied 6,400 Micrococci
11lL bied 600,000 streptococced
16L vled 2,300 Grarm= Strep.&Pedio.
i8L Lied 3,000 Naege, Gepos.rods&cocci
191, wied 1,000 lac- Grame=neyg., and
tose= Gram=pos, rods
37L Sacrificed 230 fermen= Grame=pos, rods
43L Sacrificed 44500 ting Streptococci &
rods Gran-pos,. rods
491, sacrificed 6o ands Streptococci
GOL Sacrificed 300 Cram=neg., rods
62L Sacrificed 10 Streptogocedi
641, Sacrificed 85 Gram-pos, rods

e W W B AR S WP WE A% WR W W AR Ss A W G Wk W A e SR B SR K W AR e e e e

SL Died - Streptococci
6L pled 1,300 Strep. & Hicro.
171 Died 600 Grameneg. rods
35L vled 30 streptococci
39L iled 1,900 Cocecl & Grame-pos,. rods
55L Sacrificed 35 Gram=pos. rods
571, ancrificed 10 streptococei
71L Sacrificed 10 Grame~pos, rods

T2L bied 140,000 Micrococced
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coccl from blackhead liver lesions but did not identify them
as to species. OGramepositive rods were encountered in 8 liver
sanples,

It should be noted that samples from turkeys which died
of blackhead usually gave higher plate counts then samples
from turkeys sacrificed at the apjpearance of symptoms., UOf the
former, 13 ocut of 17 gave plate counts of 1,000 or greater,
while of the later only 2 out of 12 gave counts of this magnie-
tude (table 5)e Or to express the same thing in another way,
the average plate count (geometric mean) of the samples from
turkeys which died of blackhead was 10,000, while the average
rlate covnt (geometric mean) of the liver samples from turkeys
which were sacrificed was only 100 per gram sample.

After preliminary tests, rejpresentative cultures were
injected intravenously into young turkeys (pages 2% and 30)
in order to determine their pathogenicity. A total of forty-
nine cultures was so tested, and of these, six were found
capable of producing illness or death.

In table 6, information pertaining to these six cultures
is summarized, In no case did the affected poults void sulfur-
colored droppings or at autopsy did their livers show blackhead
lesions. They drooped, and exhibited anorexia and leg weakness,
When reference 1is made to the heart as an vrgan from which the
bacterium in guestion was recovered {(the last column of table

§) it is heart's blood being referred to, not heart tissue.
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TADLL ©

Information rslating to the 6 bacterial cul tures
found to be pathogenic

Culture Jate ine bate vate vate poult Organs from

number Jected poult poult was sacrie which the

became died ficed cul ture was

111 recovered

(a) =w== 7/28 —— Liver
17L=3 T/27/48

(L) 7/30 ewe= 8/3 Liver

(a) 8/26 8/27 —— Liver
721~1 9/21/50

(b) w==e §/26 -—— Liver & heart

(a) 10/11 -w-- 16/11 Xone #
60L=-4 /21/50

(b) meeer wee- 10/1¢ Xone ¢

() ==== 5/11 - Liver & heart
341-1 5/10/51

(b) 5/11 e=e= 5/11 Liver & heart

(a) 5/12 ww== 5/12 Liver & heart
G8Lw=1 5/10/51

(b) 35/11 5/12 ——— Liver & heart

(8) w==e 5/13 oec=- Liver
TOL=1 5/10/51

(h) ewee wae=- 5/24 None
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# Although not isclated from either poult, this bacterium has
nevertheless been regarded pathogenic because poult (a) was
cbserved at autopsy to have skin arcas discolored green and
areas of its liver discolored yellow, an:i the liver of poult
{b) contained a number of small, hard necrotic lesions.,



tnly one culture, H0L-4, was not recovered frow the poults
at avtopsy, but as is mentiocned in the footnote to table 6, this
cul ture was nevertheless regarded as pathogenic because of the
pathological condition occurring in the two infected birds.
Perhaps insufficient material was inoculated, or the organs
were sterile at the time of auvtopsy. However, the other five
cul tures were recovered from the livers of the dead poults,
and in ssveral instances also from the heart's blood,.

In order to fulfill Koch's last postulate it is necessary
to ifdentify the recovered bacteria ss the same as were injected,
This was accomplished by microscopical examination of grame-
stains and some bilochemical tests. For example, cul tures
T2L=1, 34L=-1, 68L=1, and TO9L=1 were tested in regard to their
fermentative abilities before injection into the poults and
af ter being recovered therefrom. The fermentation pattern
(final pH) in each case was similar (table 7). In table §
the reactions of 1TL=3 in five different carbohydrates before
injection sand after recovery are tabulated, which show that
here alsc the organism recovered was the same as was injected,

Because of its large, smooth, round, orange colonies, and
other characteristics to be mentioned later, culture T2L-1 was

identified as Micrococcus pyogenes var., aureus. The other three

cultures listed in table 7 are gramenegative, lactose-~fermenting
rods which I have already indicated to be strains of uscherichia
coll. These three strains were isolated from liver samples 34L,
68L, and 79L which fall in the first group in table 5, that is

they yield this species only. Culture 60L-4 has been considered



TABLE 7

Ine final pH produced in various substrates by 4 pathogenic strsins
of bacteria before injection into pouits and after recovery tierefrom
(Broth cultures, incubuted gE U7 C for « weeks,
pH values representing significant fermentation have been unders cored)
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Control®* 7.3 7.0 7.0 6.8 7.8 7.5 TS5 6.7 8.7 8.7 8.8 7,4 T4 M.E 7.5 T 7.3 T4 7B T4 T4 7.4

Tl before o o
injection® 5,5 7.7 7.8 7.7 Ted Bel 7486 4.7 4,7 Dek 2% 5B,z 4.2 Ber T.u O,.1 7.0 7,9 T.6 7.8 7.2 7.9

¥. pyogenes

T<L-1 from , ‘ var.
liver of 5.5 T.6 7.8 7.7 8,0 5.2 Té¢ 4.7 4.7 2.k 248 bew 4,9 B, 7.9 5,1 7.0 7.9 7.8 7.6 6,9 8,0 aureus
poult (a)* o

7<L-1 from ‘ _

heart of 5.8 7.8 7.8 7.7 8.0 Buk 7.9 4.7 4.8 5,8 2.k 5.5 4,6 5,8 7.9 5.1 7.1 8,0 7.6 7.8 7.0 7.9

poult {(b)*

Control®®* 7.1 6.1 6,5 6.2 T.e 7.1 7.0 5.7 5.9 8,1 5.7 7,0 7.8 T.0 6.9 6.7 7.8 7.8 6.6 T.1 7.2 7.1

341,~-1 before R v
injection®® B3 5,8 8.1 5.8 E.0 8,4 6.4 4,8 4,9 4.9 5.0 8.5 S,k J.8 6.6 5,8 B.,86 &.,5 .0 7,0 6,6 &,5

b4L-1 from .
nver(ef)-’w 7.5 B,35 5,1 5.8 8.6 6,4 8.5 4,9 4.2 4.9 2.0 ©,5 5,6 5,5 6,0 H..& 8,5 8,5 T.0 6.9 6.4 6.6
poult (b)*
Iseherichisa
86L-1 before W o o ) o colil
injection™® 7.4 5,5 5,1 5,8 8,0 5,4 ©.5 4,9 4.9 4.2 5el 6,8 B,7 B.4 T.0 B.E 8.6 8.5 B.2 7.6 6.8 6,8 ———

6811 from B . ’ , .
liver of 8.4 5,4 5,1 5,8 8,6 5,4 B.5 4,0 4,2 4.9 B¢l .8
poult (a)** :

79L-1 before o i . N
injection®*® 6,2 5,3 5,1 5,5 8.5 5,6 8.7 4.8 4,8 4,8 8,0 85,7 B 5,1 5,7 58 5.6 8,5 .1 7.0 B.1l 8,7
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79L-1 from ) ‘ )
liver of 6.7 5.5 H.0 5,7 Bew 5,5 8,6 4,9 4,9 4.8 5,0 6. 5,1 5,1 5,7 5,8 B,6 8,7 7.6 6,7 &,0 8,t
poult (a)**
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* Tryptone; kh; K HPO4, O.&%; MBSO4.7TH.0, 0.,01%; and substrate, 1%,  ** Yeast extract, z.xi; X HPOg4, O.<f; MgS04+TH.0, 0.0L¥; and
substrate, 2%«
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TARLi 8

Fermentation reacticns«
of culture 17TL=3 (Salmonella newport) before its
injection Into poults and af ter 1ts recovery therefrom

Glu~ Lagce St Male Hannie-
cose tose crose tose tol

1TL=3 before

171.=-3 from liver

# Phenol red broth base (LUifco, dehydrated) to which suf-
ficient substrate was added to form a concentration of
1 per cent.

-f= Acid and gas; ~-- No change.
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Pseudomonas aerugincsa and 17L-3 was identifiled as Salmoneila

newport by means of seroloegical typing and other tests. This
species was alsco encountered in liver 19L. (These facts are
maentioned at thiz time merely to facilitate discussion, as the
taxonony of the isolated bacteria will be considered in detail
in subsequent sections,) The fermentation reactions of the
cul tures prior to injsction and after recovery from the poults
are similar, except perhaps in the case of Lscherichia coli
strain 34Le-1, which manifests a somewhat weaker mannitol fermene
tation after recovery (table 7). The three pathogenic goli
differ from one another in regard to melibiose fermentationg
strain T9L-1 attacks this disaccharide while 34L~l and 68Lel
do not (table 7).

It is apparent that the statement by Smith {(1895); *the
absence of any uniformity in the bacteriological results as
well as the appearance of B. coli in the organs of dead turkeys
indicates that pathogenic bacteria were not associated with
the protozos& in the cases examined® will not always fit the
situation, since, as 1 have shown, pathogenic bacteria may
scmetimes be associated with the blackhead parasite, and
indeed even pathogenic strains of B. coli.

If it is correct to assume that the source of all bace-
teria recovered from blackhead livers is the cecum of the
bird, then the %selectivity" of the liver is certainly well
demonstrated in this study. For instance, three of the patho=

genic bacteria isclated (Micrococcus auvreus, ’'seudomonas
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asruginosa, and jalnopells gpewporlt) were never encounterced as

part of the normal cecal flora (flarrison and Hansen, 1850a)
and therefore must reside in the cecum in only relatively
small numbers; and as another example, although L. coli, as

I have indicated, is the bacterium most often found associated
with the blackhead parasite in infected livers, it is one of
the least dominant bacterial species in the cecum of the
healthy turksy (Harrison and Hansen, 1950a), It must be kept
in mind, however, that a blackheasd cecum 1s mot normal, and
the cacal flora may change prior to hepatic involvement. A
study of the flora of the blackhead cecum would certainly be
of interest.

As we have se¢en, turkeys which are allowed to die of
blackhead are more likely to contain bacterdia in their disecased
livers than are turkeys which have bDeen killed earlier in the
course of the disease, before the natural termination of this
iliness, Also, of the livers of both cases containing bacteria,
the plate counts are usually greater in the instances where
the turkeys died than where they were sacrificed, Two interpre-
tations of cause and «ffect thersfore present themsclvest Are
bacterin the cause and death the effect, or 1s death {(ur the
prolonged illness) the cause and bacteria the effect?

The fact that of a total of 17 turkeys which died and
yvielded bacteria, 5, or about 30 per cent, contained bacteria
which alone are able to bring about iliness (and usually death)

when injected into the circulatery system of young, vigorous
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turkeys, leads one to speculate as to the effect of these bace
teria, and those less pathougenic, on turkeys already seriously
ill. Imn the cases of the turkeys donating liver sanples 17L,
34L, 68lL, 72L, and 79L death would have certainly ensued even
if the effect of Histomonas meleagridis was eliminated, (These
sanples yielded five of the six pathogenic strains listed in
table €6). In all probability, the presence of normally none
pathogenic bacteria in diseased livers hastens death. This
evidence supports the view held by Curtice (1907a), who as a
result of his casual observations of the degree of destruction
in plackhead livers, theorized that death "is not always pro=-
duced directly as a result of blackhead disease but is affected
by secondary causes" such as bacteria., One fact that hasn't
been mentioned should be brought to light here. iIn at least
three instances (66L, 68L, and 72L) the turkeys died immediate=
1y before autopusy, actually while being carried from the turkey
yard toc the 1abcratar&. In these cases the bacterial counts
were considerable (table 8), yet were not likely to have oc-
curred as postemortem changes., It is interesting that in all
three instances a single species of bacteria was isolated,
and that in two of the¢ three cases the bacterium isolated was
pathogenic,

Cn the other hand, since the six pathogenic bacteria
represent four distinct species, no single bacterial agent
can be considered as being constantly associated with death

in this discasej this is in agrecement with the conclusions of
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Kettger and dirkpatrick (1$27). In addition, since the livers
of seven turkeys which died of the disease yilelded nedther
cultivatable bacteria at autopsy nor were seen 1o contain bace
teria as a result of microscopical examination, it is apparent
that the protozoan alone can terminate the disease fatally, a
finding which is in agreement with the conclusions expressed
by Theobald smith as early as 1880,

The reconciliation of the two opposing viewpoints of cause
and effect is not at all difficult, since the evidence presented
in this dissertation indicates that both interpretations repre=
sent what may actually happen in practice. iy thesis therefore
can be stated as follows: Although Histomonas meleagridis is
the actual etiological agent, the initiating factor in this
disease, and the organism which by itself can terminate the

disease fatally; nevertheless, secondary or concurrent bace

protozoan parasitism and punctuating the illness by a guick
daath,

This denouenent only ammends Snith's (1895, 1913) work
en this phase of blackhead disease and doss in no way invalie
date his fine pioneer study.

5ince, as I have conclusively shown, when a sufficiently
large number of blackhead livers are saspled about half may be
expected to comtain no bacteria, a means is at hand whereby

one may readily obtain Histomonas meleagridis free of bacteria,

(The method used to acgquire bhacteriaefree liver suspensions
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of H. meleagridis consisis ncrely of sacrificing poults at the
first apuearance of bLlackhead and aseptically macerating their
livers; a portion of the liver suspension is tested for bac-
terial sterility by plating on suitable media, see pages 106

to 23.)

The possibilities of the technique elaborated in this
dissertation are being explored by direct injection of bacteria-
free blackhead liver suspensions into the livers of healthy
psoults. DeVolt and Holst (1952), employing in part the toch=-
nique ocutlined, already have produced liver lesions with
bacteria-~free blackhead liver suspensilons in several experi~
mental turkeys. Adequate controls were run parallel with the
experiment. Although these findings will require further
confirmaticn, the experiments performed so far have been in
favor of the conclusions expressed in this dissertation.

3. The identity of the bacteria
isolated from bhlackhead livers

l. Gram-negative rods. As has been mentioned previous-

ly, gramenegative, lactose-fermenting rods were the bacterial
type most of ten isolated from the blackhead livers. They were
sncounterced in 20 of the total of &0 iivers sanmpled, In 9
cases they were the only cultivatable bacteria present, while
in 11 cases they occurred together with ocne or smore additional
types, These gram-negative, lacteose~fermenters showed the

IMViC¢ reactions characteristic of bscherichia coli and are



therefore considered to be strains of this species. The nae-
Jority, thosge from liver samples 8L, #L, LCL, 18L, 18L, 36L,
43L, 4%, 80L, 621, 661, and €691, developed the characteristic
coeli=type eolony on the F,M,H, agar plates; c¢thers, those from
liver samples 10L, 341, 8TL, T8L, anad TOL, although producing
a metalic sheen were guite slimyy while colonies produced by
E. co0ll frowm samples 10L, 11L, 57.L, and 75L did not show much
shean and praoduced the pink, mucoid colony-type generally

associated with Aerobacter asrogenes, oven when grown on

heart infusion agar (Uifco, dehydrated) cultures (7L-2, TSL=-1,
and T8L=8 are extremely stringy. The culftures of L. goli from
17 1liver sanmples were tested for sucrose fermentaticn, It is
interesting that the cultures from 11 livers were Sucrose=
negative (including the three ylelddng pathogenic strains
341=1, 68lel, and T9lL«1)}, those frow § wers sucrose-positive,
and one liver yielded both fermentative types, Hence, the naw
Jority of the goli strains enceuntered were non=-fermenters of
this disaccharide, This is in contradistinction to the case

of E. goli isolated frow the cecal feces of healthy turkeys.

Here, fermenters and none{ermenters cof sucrose occur in egual
nunbers (Harrisen and Hansen, 1950a). The liver seems tu be
more "selective® toward the sucrose non-fermenters, although
more work should be undertaken befors the conclusions can be
regarded as wvalid,

On the H.M.HB,. agar plates of the 102 giiution preparved

frem two blackhead ldvers (1705 and 16L) there appeared smtli,
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roumd, smooth, transparent colonies, Transplants from these
two isclations were found to be non-fermenters of lactose, even
af ter a week's incubation. The two cultures studied iIn some
detail (17L-3 and 19Le8) were found to De gram-negative rods
possessing perditrichous flagelliation., They do not produce
indole or urease, or liquefy gelatin. They are Vienegative,
MiRepositive, and ferment glucose with the formation of acid

and gas. For these reasons the cultures were considered

members of the genus Salmonella. Serological typing by the

Army Medical Schoel in Washington, D. C., revealed them to

be cultures of 35almonella newport. They have the fermenta-

tion pattern considered characteristic of this species by
Hauffmann (1841); fefmenting arabinuse, dulcitel, rhamnose,
trehalese, and xylose, but not inositoi., This bacterium was
determined to be pathogenic by injecting culture 17L-3 into
the wing vein of twe healthy poults (table 6).

A third species of gramenegative rod, Pseudomonas
aerugincsa, was isclated from ome liver. This bacterium
(culture 60L=4) produces a green fluorescent, extraceliular
pigment, liquefies gelatin, peptonizes milk, reduces nitrate,
and does not form indole, It is motile, does not {ermont
maltose, and produces little or no acidity in glucose brothe.
It was identified employing the key in Lergey's manual (Lreed
et al., 194&). The pathogenicity of this strain has been
discussed (table 6)., This species was isclated from L, iels
plates of a 1o~ dilution, and occurred in about egual nuabers

with tscherichia c¢oli in this lLiver.
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2. Cocel, Thirtcen liver samples ylelded cocci, four
genera being represented, Hhereas the cocci were occasionally
the oply bacteria isclated, in the majority of cases, actually
eight out of the total thirteen, they occurred with one or more

additional bacterial types, nost of ten with Lscherichia coli,

as will be polnted out in the following paragraphs.
Liver sample 5L yielded Streptococcus liguefaciens in

pure culture. Unfortunately none of the strains isclated from
this liver were kept, and therefore this species is not repre-
sented in tables 9 and 10, However, the available information
(resulting from the preliminary studies) leaves no dJdoubt as to
the ddentity of this coccus. The strains investigated grew

at 10 € and 43 €, grew in the uresence of U.,1 per cent methylene
biue, grew at an initiating pH of 9.6, survived when heated

at 61 € for 30 =inutes, liquefied gelatin, peptonized milk,
and fermented the followingt: sorbitel, mannitol, sucrose,
trehaloge, maltose, lactose, melezitose, starch, and salicin,
Purthermore, they reacted with group U sera.

Sample 6 yilelded Hicrogoccus and pireptococcus. The

former was lycphilized and is characterized on subsequent pages,
Ihe streptucocciy, on the other hand, were not kept af ter the
preliminary tests, but were definitely identified as 5. faeccalis
aaploying most of the tests listed dmmediately above,

Hicrococcus was isovlated again from liver 10L, and this

orzanism is characterized on following payes. It was isclated

B , N w2 .
from a wugonagar plate of the 10 diiuticon together with
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Ischerichia coli, The coliform was encountered on plates of

the same dilution, but in greater numuvers than the cocci,

Tugonagar plates of the 10~4 dilution in equal numbers from

liver sample 11L. The cocci were identified &s Streptococcus

faecalis by means of the sase tests as mentioned on the previe
ous page.

Streptococci, some wnidentified cocci resembling pedlococci,
and coliforms were isclated from 18L, the former two types from
-3

sugonagar plates of the 10 dilutien and i, ¢oli from plates

of the 10-2 dituvtion, A representative of each caccus type
was lycphilized, revived at a later date and studied nore
thoroughly., The results of the detalled investigations are
degcribed on following pages.

Liver sample 181 yielded a gramepositive, anaerobic diploe

coccus together with members of the genus Lactobacillus and

kscherichia coli, 4All three bacterial types were isolated

from Lugonagar plates of the 10=3 dilution, but L. coli was
cutnumbered by the other twe, The anaerobic diplococcus was

agssigned the name Piplococcus magnus, because the anaerobic

diplococcus listed by Bergey (Breed gt al., 1648) which it

most closely resembles, is given this particular species designa-
tion., The organism measured about 1.3 micra in diameter and
produced no acidity when grown in the prescence of various

sugars, inclueding glucose. The lactobacilli are characterized

in a suhsequent secticn of this dissertation,
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S5ample 36L rendered two species of streptococcel from the
sugonagar plates of the 10~1 dilution, Both streptococei are
characterized on followlng pages.

Cocei and lactobacilli were encountered on Lugonagar plates
of the 10™? dilution from liver sample 3%L. The lactobacilli
gceurred in slightly greater numbers than did the cocci, Two
specles of coccl have been recognized and are to be discussed
in some detadil.

Sanmple 48L yielded streptococci and g, goli in about
equal numbers from the Hugonagar plates of the 1072 dilution,
and lactobacilli from this same medium of the next higher dilu-
tion, 1072,

From liver 48L were isolated streptococci and again E.

coli. They occurred in about equal numbers on the Lugonagar

plates of the 1071 Jilution.

Sample 871, yvielded bacterdia in very small numbers. Unly
one colony was found on each of the ugonagar plates of the
lowest dilution., Both turned out to be streptococcei,

Bacteria were encountered from 621, also in very small
numbers. From one of the 10~% Fugonagar plates a single cule

ture of Sireptococcus was isolated, whereas a single L. coli

colony occurred on one of the L.M.,H3. plates of the same dilu-

tion. The Sireptococcus from this liver, as those from the

preceeding three livers, have been identified as 3. inulinaceus
and are discussed on subsequent pages.

Liver specimen T2l yielded a pathogenic iicrococcus in
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pure culture, Lepresentatives of this organiss were picked
from Bugonagar plates of the 1o=3 dilution, and one culture
(72L=1) was studied in some detail (tables % and 10).

In October 1880 the lyophilized cultures of cocci were
revived by shaking the entire contents of the respective ampoules
inte trypticase soy broth (B.B.L,, dehydrated) and after incue
hation for 24 hours were purified by streaking ocut on Bugonagar
plates. Unlike some of the lactobaclilli te be described din a
subsequent section, these coccl gave rise to one type of colony
{seo page 31). A single colony was selected and subcultured
onto {resh Lugonagar slants. ¥From these tubes the cocci were
transferred to yeast extract glucose agar on which mnedium they
were carried as stock cultures, being stored in the refrigera-
tor at 8 C for several weeks between transfers,

In tables £ and 10 are listed these hepatic cocci (o=
gether with the outcome of various physiclogical and biochemical
tests. Tabulated first are three cultures of micrococci which
have been identified by means of the breakdown in dergey's
nmanual (fdreed gt al., 1948). They are unable to utilize
Nﬁéﬁgﬁﬂé as the sole nitrogen source and in one day produce
turbidity in trypticase glucose broth containing ¢ per cent

salt, The first two have been identifiled as Micrococgccus

yogpenes, Since they reduce nitrate, liquefly gelatin, and
fevrzent mannitol, Culture 6L-7, produces pigment-less growth,
is nonehemeclytic, and non=-pathogenic for poults (table U),

and ferments the widest variety of substrates (table 10).
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on the other hand, TiL-l produces orange growth, is hemolytic
for sheep an! horse erythrocytes, and is extremely pathogenic
for poults (table 6), and for these reasons hos been given the
variety name of aurcus, whereas the fourmer has been assigned
the varicty name of albus, although ii{ is somewhat atypical

in fermenting salicin, Gelatin liquefaction by GL-T has
hbecome less pronounced recently,

Some difficuliy was experienced in the identification of
10L-3, An actively growing culture of this organism is not
plgmented, but differs from the none-pigmented, nitrate none
reducing, amnmonium phosphnte non-utilizing ., gandidus in
liguefying gelatin and in not fermenting glycerecl. Howevear,
it was observed that old cultures of 10L-8 sometimes may be
considered to possess a very feeble yellow pigmentation; this
is sometines seen in a stock culture which has oseen kept in
the refrigerator for several wescks, If one may consider this
coccus to be pigmented yellow, then it fits well the descripe
tion of ¥. flavus in Zergey's manual., At any rate, it has
been assigned thig epithet, (I feel that a property of this
degree of cluslivensss should not be assigned such 8 dominant
position Iin the classification of mombers of the genus

Microgeccus,) VWhercas this culture originally liguefied

gelatin, activity on this substance is now very weak, or abe

sent.

Tabulated next are two cultures, neither jicrocogcus nor

atreptococcus, the first of which is a gras=-positive, catalase-
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voesitive, facultative anaerobic coccus, producing the same
type growth on agar as streptococci, growing along the entire
stab in an agar butt, ant resembling in some respects the

Pediococcus sitrains isolated from the cecal feces of healthy

turkeys (fNlarrison and Hansen, 1850a)., Of intarest is the fact
that it is the only caoccus isolated that fails to ferment
sucroge, and in this respect is like the pediococei from feces.
Like fecal atrain 4-27, it can grow at an initial pH of 5.4,
whether growth occurs in salt depends upon the size of the
inocula; a very small ineculum, & single loop of broth cule
ture for example, fails te produce turbidity in trypticase
broth containing 6% per cent sodium chloride, whereas 0,1 ml
allows growth te develop,

The seccend culture iz alsce an unidentified coccus which

in some respects resembles I'sdiccoccus., It is a facultative

anaerobe also, but is catalase~negativey it appears as snall
ceeci mostly in peirs with adjacent sides somewhat flattened
and is the most delicate strain of cocci erncountered in this
study, often losing its viability when stored for long in the
refrigerator, It is felt that this organism is sensitive to
some product or comdition arising as a result of 1its growth,
rerhaps acidity, as 1Is illustrated by the following simple
expariment, After incubation at 37 C in tryptons plucose
broth (0,5 per cent glucose) an attempt was made to subcule

ture the coccus from this broth to yeast extract gzlucose agar
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slants {(0.25 per cent glucose). when one loopful from the 18
hour broth tube was inoculated onto the surface and stabbed
into the butt of the yeast extract agar subsequent incubation
revealed the developument of only one colony on the slant and
little growth in the stabbed portion of the tube. The trans-
ference of a number of loopfuls of the broth culture after 43
hours incubation, however, resulted in no growth at ail on the
agar. MNormally, that 1s when transferred serially frowm slant
to slant, 39L=-12 grows well on the yeast extract glucose medium.
Streptococci were isclated from ten blackhead livers,
Streptococcus faecalis from five, Strejptococcus inulinaceus

from four, Streptococcus liguefaciens from one, and an unidenti-

fied streptococcus from one liver sample. Kepresentatives of

5. faecalis from two of the livers were not lyophilized and
therefore the strains listed in tables 9 and 10 are from only
three of the five livers yieliing this species (16L, 5L, and
J8L). As has been already pointed out, the cultures of 5,
ligquefaciens from liver sample 5L were not lyophilized and
therefore also are not included in the tablesi however, many of
the reactions of one strain, 5L-1, have already bLeen cutlined
(page 7T0). All four of the livers yilelding 5. inulinaceus are
represented, 43L, 45L, 3TL, and 621, and a few words concerne
ing this coccus may be of interest.

The ®viridans® group of streptococci are characterized
by Sherman (1837) as growing at 45 € but mot 10 C, as being

not beta=hemolytic, not tolerating 6.5 per cent sodium chloride,
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0.1 per cent methylene blue, or a g H of $.6, and being incapable
of stronyg reduction, that is reduce litmus only after curdling
milk. These are the criteria employed for the identification

of this group of streptococcel in Bergey's manual (Breed et al.,

1548) as well, A member of this growup is streptocogccus bovis

to which LStreptococcus inulinaceus 1s closely related., Crlae-

Jensen (1918) characterized and named both these organisus,
He differentiated between the two on the basis of arabinose
and starch fermentation, as well as on the basis of their

behavior on casein., 3Streptococcus bovis attacks these Bube

s tances, whercas the latter specices does not., (rla-Jensen
admitted that intermediates occur which are difficult te

place with finality, and in this connection, Sherman (1837)
implics, and Bergey {(Vreed gt al., 1948) states that inulinaceus
should be regarded as a variety of the former species, While
net wishing to enter this discussion, we have labeled our

strains Sirsptococcus inulipaceus since none ferment arablinose

and only one attacks starch, The bovis-ipnulinaceus type differs

from the other members of the "viridans® group, 3. galivarus

amd 5. mitis, by possessing & greater thermal resistance (sure
viving heating at 61 C for 30 ninutes) and somewhat wider
fermentative ability, and from 3. equinus, a species we have
encountered in the feces of healthy turkeys (Harrison and
llansen, 1950a), also by the wider fermentative range; this
latter specivs, for examnple, does not ferment lactose,

Two properties of our 5. inulinaceus cultures which are
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unusual are the strong reduction of litmus in wmilk grior to the
curdling of the casein} reduction usually taking place within

24 hours (the starch fermenter, 46L-€6, is the weakest aciu

former in this substrate, requiring threce days for curdling),

ant their tolerance of about U.1 por cent methylenc blue, ree
ducing 4t in 24 hcours or less, To my knowledge, these charactere-
istics have not been reported in the literature, and are atypical
of the "viricans® group as & whole, These aspects Lelie a
Kindredship with the "enterocccecl?” which further conplicate

the systematics of the bovis-inulinaceus type. In this cone

nection, I have recently become acqguainted with an article by
Shattock and Mattick (1£243) in which these authers call atten-
tion te the reaction of three p. bovis strains with both 3.
faccalis and group U sera, These strains, which were isolated
from husan feces, “grew at 45 €, fermented raffincse but not
mannitol, and did not grow at p¥F 9,06 or in 6.5 per cent salt".
These workers, therafore, experienced no difficulty in dise
tinguishing between bovis and faecalis on bilochemical grounds,
and concluded that the discussion of the place of the {ormer
specieg "should await the preparation ¢f a sultable specific
serum®,

Thrae of the inulinaceus cultures were handled in a manner
identical to the lactobacilli (sce pages 42 to 50) in order to
determine what end products were formed as a result of glucose
fermentation. Culture 62L-2Z fermented 38 per cent, 5TL-l fer=-

mented 50 per cent, and 43L«8 Termented 51 per cent of the
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available glucuse, a five per cent sclution of this monosace
charide bLelng employed., Culture G2L-2 produced dextro-lactic
acld in theorctical yield, &all the {fermented glucose being cone
verted to this ende-product, while 43L-8 fermented 80 per cent
to dextroe=lactic acid with about 1 per cent of the fermented
glucose converted to volatile acid. Culture 5T7Le~l produced a
samall amount of volatile acid, T per cent of the fermented
glucose being converted to volatile acid calculated as acetic
acids 81 per cent of the glucose ended up as dextroe~lactic

acid in this instance,

On agar media S. ipulinaceus umay appear as a rodj there-
fore, unless noted in broth, may be mistaken for a Lactow
bacillus.

Streptococcus faecalls is represented by nine strains

(tables ¢ and 10), and six fermentative types may be dise
tinguished, <Cultures 39L«3 and 39L-6 are identical in regard
to the substances they attack, and differ from 35L-2 only by
fermenting meliniose., This latter culture is sismilar to the

streptococcus glycerinaceus of (rla-Jensen (1615, 1943) since

it attacks glycersl, rhamnese, sorbvitel, mannitol, and melezi-
tose, Dut not meliblose. NHowever, it has been includced with
the other strains of faecalis, as was done in the instance of
culture 29«24 {row feces (Marrison and Hensen, 1950a), This
hepatic streptococcus differs from the others (table 8) alz.
by the fact that it reduvces the litmus in litmus =miik only

af ter curdling this substrate.



Cultures 306L-3 and 38L=-12 ferment the same substances and
differ from 38Le11 only in regard to the fermentation of meli-
biocse (table 10). Alsoc allike in fermentation reactions are
cultures 306L-4 and 30Le-4 which attack fewer substances than the
aforesaid strains, and present an identical fermentation pate
tern as five cultures of fagcalis disclated from the foces of
healthy turkeys (Harrison and Hansen, 1650a)., Culture 16Le1
differs from the others by not attacking mannitol (table 10).

The first three strains of 5. faecalis listed in table &
are somewhat atypical in that they do not grow in the presence
of 0.1 per cent methylene bluej in fact; J¢L-€ also will not
develop in the presence of 6.5 per cent sodium chloride, and
391,=3 does so only feebly., In other respects, however, they
behave as they should, presenting the proper fermentation pate
tern, growing well at 10 €, 45 C, and at a pli of 6.6, and
surviving when heated to 61 € for 3¢ minutes. Two sirains of
faecalis were manipulated as cutlined on pages 29 and 30, and
were found to be none-pathogenic for poults,

of particplar interest is culture J56L-8, whose growth
at 10 C and lack of zame at 45 ¢ wipght at first suggest
& placement with the "lactic” grouvp of straptococci,

5. lactis and 3., cremoris, but the fermentation pattern of
this strain isa far from typical of either species, For

example, the fermentation of @wrbitwl; and of greater ime-
portance, the lack of lactose fermentation, set this grame

positive coccus apart from the ®lactic” streptocecci. 3ince



lactose is not attacked, no reduction of 0,1 per cent methylene
blue in milk takes place; however, 1if gluccse Le added to this
substrate then good growth and strong reduction of the dye will
occur. Growth in 0,1 per cent methylene blue, as well as the
temperature relationshipys wmentioned above, are characteristics
of the "lactic® group and again tempt one to place I5L=8 here,
especially since Oria-Jensen and Hansen {(1632) have described
lactose=negative strains of 5. gremoris and Yawger and Sherman
(1937) have described lactose-negative strains of 3, lactis.
Twe of the four cultures isclated by the latter investigators
attacked mannitel, glucose, fructese, sucrose, maltose, and
salicin, but 4did not attack pglycercl, xylose, arabinose,
lactose, raffinose, or inulin, No reference was made 1o sorbie-
tol in their paper., It is apparent that the only discregancy
igs the weak fermentation of glycerol by 30L«8; however, (rlaw
Jensent's (1219) strain #1 of this species produces a sglight
acidity in this substance, 28 well as starch, which 1s not
attacked by this species according to Bergey's manual (Breed
et al., 1248). It should be pointed out that 35L-E forus
relatively low acidity in the carbohydrates it {erments,

A very weak batanhamalysiﬁ, or what is frequently termed
an alphaeprice reaction, in horse bloud agar pour plates is
produced, but the coccus is not pathogenic for poults when
injected intravencusly. This facultative anaerobe has preater
tendency toward chain formation than the "enterococci®, Lut is

not a longechain streptococcusy in trypticase glucose broth,
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for instance, it occurs as diplococcl and in chains averaging
six to ten units (figure 7). The unusual colonial morphology
has already been discussed (pmge 31i). Although certain fundae-
mental characters seem to indicate a possible kindredship with
the "lactic™ streptococci, the slight fermentation of sorbitol
and lack of lactose fermentation will make 1t necessary to
employ serclogical tests before this organism may be identie

fied with certainty.

3. Gramepositive rods. CGrame-positive, rode-shaped bace

teria were isclated from the following eight idvers: 18L, 19L,
37L, 39L, 431, 551, 681, and TlL, These bacteria have Leen

identified as Lactobacillus in all but one instance, 1%L, in

which case a Clogtridium was involved,

The Clostridium from 18L occurred together with two grame-

negative species, iLischerichia coli and Salmonella newuport,

This obligate anaerobe was nﬁnmafile, and the sugars it fere
mented were attacked with the production of acid and considere-
able gas, It measured about 0,8 p X 3 to 8 pu, and formed no
chains. The rectangular spores were located centrally and

were of the same diameter as the c¢ellj therefore, no swelling

of the sporangium was noticeable, Imploying the key in Dergey's
manual (Breed ¢t al., 1948) this bacterium rmost closely fits

the description of Clostridium perfrincens. Unfortunately,

the culture was lost, and therefore is not available for

forther stwly or pathogenicity tests,
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Although members of the genus Lactobacillus were one of
the less dominant bacterial types encountered in blackhead
livers, they were studied in conslderable detail for several
reasons, In the first place, since members of this genus are
numerically the most important bacteria in the cecal feces of
healthy turkeys (Harrison an¢ Hansen, 1850a, 1950c), I was
anxious to determine which of the fecal types were occurring
in the livers, Secondly, reports in the literature dealing
with the occurrence of lactobacilli in diseased tissues are
extremely rare,

Aside from the possibility that certain lactobacililus
may be associated with dental caries, members of this genus
have seldom been implicated as pathogenic agents. In his
review concerning the parasitic lactobacilli, Rosebury (1944)
mentions some cases where the injection of large doses of these
bacteria produced sterile lesions in humans and rabbits, but
these instances are not conclusive, However, darschall (1938)
found Doderlein's bacillus (Bacilius vaginalis, possibly a
type of Lactobacillus acidophilus) in the blood and organs of
a case of generalized sepsis with ulcerative endocarditis; he
used cultural and serological tests for the identification of
the organisn,

More recently, Liocca and Seppilli (1947) isolated lacto-
bacillius~like organisms from the blood of two fatal cases of
generalized sepsis., 0Of particular interest is the fact that

Loth patients haud recent histories of dental infections.
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Biocca and seppilli concluded that their twe strains were
memhers of the genus Lactobacillus, although one strain was

weakly catalasee-positive and the other not unlike streptococcus.

These workers went to considerable pains to identify the acids
formed by their strains, but the figures me¢an little to the
reader, since unfortunately the most fundamental calculation,

how much sugar was fermented, is omitted., These PBraziliaon

workers erroneocusly labeled their organisms “"Lactobacillus

acidophilus-pathogenes™) there appears to be little similarity

between their organisms and L. acidophilus however.
Johnson and Pollard (1936, 1040) isolated an organism

which they named Lactobacillus meleagridils frowm the heart,

liver, and yolk of a newly-hatched turkey, Frowm their de-
scription there is nothing which indicates that the corganisn

is not a Lactobacillus, but on the other hand, there is ine

sufficient evidence presented to allow definite identifica-
tion of their “diploebacillus®, certainly not enough to warrant
the egtablishment of a new species desigmation. It should e
nentioned that although their strain was weakly motile, it may

s8till be considered a Lactobacillus since motile strains of

Lactobacillus brevis (Lactobacillus pentoaceticus) have been

observed (Weinstein and Hettger, 1832) and also a motile gtrain

of Lactobacilius plantarum (Harriscn and Hansen, 1950b).

Before discussing the taxonomy of the lactobacill!i cul-
tures, it might be desirable first to describe a 1little of

their history; that is, mention from what medium and ddilution
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they were picked, and what other bacteria occurred along with
them in the livers. Accordingly, each liver sample yielding
lactobacilli will be listed in chronelogical order.

The first instance of enceountering lacteobacilli fron
blackhesd lesions occurred in June 1948 from liver sauple 181,
Lactobacilll together with anaerobic cecei (page Tl) were iso-
lated from anaerobic Dugonagar plates nf the 16™% dilution.

Sscherichia coli occurred on the same plates, but in lesser

nunbers. After some preliminary investigations, representa-
tive cultures (18L-2 and 18L«8) were selected and set aside
for further study by rubbling each from the swiace of Yugone
arar slants into fresh, sterdile skim milk and lyophilizing
the resulting bacterisl suspensions, The lyophilization
ampoules were sealed under a pressure of approximately 0.1
mm of percury,.

Kot vntil September 1249 were lactobacilli again en-
countered. They were picked from the anacroblcec vugonagar
plates of the 10! dilution (cultures 37L-10, 87L-1ll, (7L=13,
3TL=14, and 3TL-15) and from the 107% yiiution (culturcs 37L=-3,
3Tlmd, GThLet, 37L-T and 37Le8) of blackhcad liver sample 37L.

escherichia coli was encountered from the 19“1 dilution 5.3, 58,

plates only, and therefore was ountnunbered by the lactobacilli.
In mideCcotober 184¢ these ten reproesentatives were also
lyophilized,

Lactobacilll an! coecl were concountered from a third

liver irn Octeber 19045, The cocci were izolated from both
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the L.H.D. and Eugonagar plates, but the lactobacilii were
encountered on the latter medium only. The lactebacilii oce
curred in slightly greater numbers on the anaercbic Bugonagar
plates of the 10"2 dilution, lactobacilli cultures 39L=-14,
391~15, ant 30L-16 being isclated. This liver sample (38L)
was one of the few from which were prepared acrobic as well
as anaerchic Duponagar pour plates. Three additional cultures,
J8L-T, 39L=-0, and 39L«10, were selected &3 rapresentatives of
the lactobacillii from the 101 dilution asgrobic plates. These
8ix strains werec lyophilized at ths same timce @as the ten cule~
tures from the preceding liver,

Of the lactobacilli isolated from liver sanple 43L toward
the end of January 1950, one (43L=-2) was kept for further study.
This culture was picked from an anaerobic bugonagar plate of

the 10™9

dilution. Escherichia coli and streptococei were
isolated in about equal numbers from the next lower dilution
(10%) of this medium. Culture 43Le2 was lyophilized in the
Spring of the same ysar,

Liver sample 3551 ylelded only lactobacilli, and thesse
cccurred in small numbers, since all anaerobic wugonagar
plates above 10™+ appeared sterile. In March 1950 one cule
ture, B5L=05, was selected for additional study and lyophilized
during the following month.

Liver sample 6%L rendered pscherichia ¢oli and lactobacilli
in about equal numbers from the 10™¢ dilution of the anaerobic

Bugenagar plates, Culture 69L-3 was isolated from this sample



in June 1950, and after a few transfers lyophilized on the first
of August.

The anaerobic lactobacilli isolated in the month of July
1650 from the iugonagar plates of the 16“1 dilution from sample
71L were unfortunately lost prior to lyophilization and there-
fore are not included in this study. This was the last liver
which yielded members of the genus lLactobacillus,.

Three surface colonies appeared on the anaerobic Zugon-
agar plates prepared from liver sample 46L in February 18350,
These, however, did not occcur in sequential dilutions and were
undoubtly contaminants} hence this liver sample has been ine
cluded among those considered bacteria-free, Two of the cul=
tures turned out to be aerobic micrococei which beding of no
interest were discarded; the other colony, however, gave rise
to an anaerocobic, redeshaped bacterium which, although considered
an aire-borne contaminant, was kept and lyophilized (bpring,
1950)., Cne usually does not consider anaercbic lactobacilli
as aireborne contaminants, and therefore I was desirous to
determine what type of lactobacillus could be picked up in
this manner. Since the laboratory was used for diagnostic
work on chickens and other poultry, the birds of ten being
brought into the laboratory alive with the resulting stirringe-
up of feathers and dust, i1t seems possible that this bacterium
may be of avian fecal origin, At any rate, the keeping of

this culture (46L-6) proved to be worthe-while, since as wilil
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be seen, it is a representative of a rarer lactobacillus typej
only two strains similar te it were isclated from the blackhead
livers (tables 11 and 13). This culture is numbered 46L-6§,
indicating it to be the progeny arising from the sixth colony
selected, when, as has been mentioned, only three colonies
appeared on the plates from liver sample 486L, Three small
particles of liver on the blood agar streak plate were mise
taken for growth, transferred to Lugonagar slants, and labeled
46L-1 through 46L.-3, The three actual colonies were the last
transferred, and thus labeled in ssqguence.

Upon the completion of the liver sampling, the 22
lyophilized cultures, were, toward the end of January 1851,
revived, and the next phase of study begun. The entire contents
of each tube of lyophilized culture were shaken into a test
tube of sterile trypticase soy glucose broth (B.B.L., dehydrated)
and incubated at 37 € for two days under anaercbhic conditions,
From these broth tubes Fugonagar slants were inoculated and
these incubated for one day under the same conditions. At
the end of the incubation period, pgrowth froam ecach of the
slants was streaked onto Ilugonagar plates in order to "purify"
each by picking off a single colony and transferring this to
a fresh LDugonagar tube from which the stock culture on yeast
extract glucose agar was gprepared,

¥hile the cclonies of eighteen cultures on the streak
plates appeared uniform, in three cases (37TL=10, 3TL-1l, and

34L~16) two distinct colony types were observed, and in one



instance (37L-8) three types of colonies were dilstinguished,
Unfortunately, no count was made of the different colony typoes
and therefore an idea of thelr relative numbers is not at

hand, However, it is felt that they did not arise from chance
contamination for two reasonas: firstly, being incubated anaero-
bilcally, the plates were unlikely to develop air-bLorne contami-
nants, and secondly, the different colony types occurred on

the plates in considerable nunbers., Admittedly, there was a
great temptation to¢ shrug off the entire matter as having little
significance, thereby forbearing the addition of even more cule
tures to an already cumbersome collection of lactobacilli and
other bacteria,

Culture 37010 gave rise to a large whitish colony, which
has been labeled 37L=10a, and a smaller bluish colony, labeled
371~10b, Culture 37Le~ll produced & bluish colony, labeled
37L-11a, and a white, more opaqgue colony, labeled 37L-1ilb,

In & 1ike manner, 39L-16 yielded a white colony, laheled
301L«168a, and a bluish; more translucent colony, labeled
364L=16b, The three colony types developing from 37L-8 were
& large blulsh tyge; designated 371-8a, a snmall, discrete,
opague ﬁyp%; dogsignated 37L-8b, and a smaller bluish type,
designated 37Leic, (When reference is made to a largs coloe-
ny, it =erely means the type in guestion was larger than the
other types on the plate; all colonies were rather small and
of a type characteristic of the lactobacilli,)

Transplanting and carrying as individual strains the
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three colony types arising from cne of the revived cultures
(87L=8) and the two colony types arising from each of three
other revived cultures (37TLe10, 37L-11, znd 39L«18) resnlted
In replacing the four parent cultures by nine offspring, therc-
by bringing to a total of twenty~seven, the collection of
lactobacilll to be investigated.

Ag will become apparent, these 27 cul tures vary from one
another in morphology and certain physiological and biochemie
cal characters, but they all have the general characteristics

of the genus Lactobacillus; that is, they are grase-positive,

non-mnotile, catalasgenegative, nonsporeforming, nitratc none
reduvecing, rode-shaped bacterisa which produce acid from 2a number
of carbohyirates,

The fermentation rcactions of the Z7 strains of lactoe
bacilli are listed in table 11, The basal medium employed
was the yeast extract broth described in the *"Materials and
¥ethods™ section of this dissertation, and the 22 substirates
were added to form a concentration of 2 per cent, The final
pH resulting in the different broths was measured after two
weeks ' incubation at 37 € employing the glass eclectrode, All
cultures wers incubated dn the presence of the atmosphere
ex<ept those narked with an asterisk which were incubated
anaerobically,

The firat 16 cultures tabulated (3TL-3 throush 486Le6)

have been identified as strains of lLactobacillus fermenti.

A hint of their heterofermentative nature 1s apparent from
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the fact that they <o not ferment salicin, celloebiose, trehalose,
ar the alcohels. 4 lack of the fermentation of these substances
is characieristic of the heterofermentative lactebacilli (Orlae
Jensen, 1818 and 18423 and Tittsler and Rorosa, 1948), The
first 13 strains tebulatsd resemble gach other closely; all
fersent {ructose, glucose, mannose, palactose, sucrese, and
altosey the vast mojority ferment lactesce and raffinosae,
whereas they vary in =melibicse and only twe anttack dexirin,

It shoull he noticed thot nanness fermentoation by some cule
tures is weak., Orige-Jonsen (101¢) callzd attention to the

fact that {reshly isolated mannose-farmenting strains of this
Bpecies may lose this property later on. None of the fermentd
cultures attack melezitose; this iz in arreement with the
finddings of Orlas-Jensen (1940 ).

Lactobaeillus fernenti has a prefercnce for anaercbic

condi tions, and although most of the fdrat 13 strains listed
in table 11 mow are able to grow on aerobic agar slants, cple

Leiec and 37=17a otill require anaershic Incuhation

v

tures 57
for suface émVﬂiLf;,ﬂt*

Cul tures JT%»JQ;, ﬁ?*u», and 407.-0 are tabulatsd together
bhecause thoey appear somevwhat Jdifferepnt from the aforesaid
strains., Although 4002 bhehaves noreally in regard to the
sugars it ferments, the amount of acid forzed iz abpormally
low, except with sucrose and nmaltose, in which it produces
aimost as low pli values as Jdo the 138 strains tabulated above.

Culture 37L-10L differs in that it Jocs not ferment naltose,
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and 46L=-6 in that it does not attack sucrose., These latter
cul tures each lack fermentation of one of the disaccharides
43L=2 attacks to the greatest extent, even in preference to
the monosaccharides,

Besides attacking fewer carbohydrates, 370L-10b, 43L-2,
and 46L«6 are different in that they appear more fastidious
than the other 13 strains. They are among the most anaerobic
cultures of fermenti studiedj up to the present time no surface
growth on agar occurs when they are incubated in the presence
of the atmosphere, and even under anaerobic conditions are
the weaker acid formers (table 11). It is as if the nitrogen
source were deficient in some necessary metabolite, This is
borne cut by the fact that upon the addition of tomato juice
to a yeast extract glucose broth the pH af ter 24 hours' in-
cubation at 37 C is about 4.8 as opposed to about 6,2 when
tomato juice is absent (table 12)., Hence, their low acidity
in yeast extract without tomato juice cannuvt be explained on
the basis of an abnormally high degree of sensitivity toward
acid, but is probably due to a suboptimal diet. The response
these cultures show toward tomato juice is indeed striking.
When this enrichment is present in a yeast extract glucose
basal, growth, as evidenced by turbidity is much faster
(table 12).

Another manifestation of the fastidiousness of these

three strains is the fact that they ferment less of the
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TABLL 12

]

Growth and roduced by four cultures of hepatic
Tactobacll 1%‘&%2&? 24 hours' meroblc Incubation at
a

n three Ei?farant media

Yeast extracte-glucose brothes
nunber glucose Witheout added With added
broth# tonato Jjuice tomato Jjulce
375&"}. Oh "’z" ‘-’(ﬂ' b"u n;uv
(6.5) (6.3) (4.9)
43 iﬁ“' ,‘2 "';“‘ u#. n{u n;‘n
i (6.6) (6.1) (4.7)
461&"8 *%ﬂ «%n -,‘. u{;—
{(6.6) (6.2) (4.8)
181,:“6 ""',"" fadd -
(6.0) {(6.1) (5.8)

-we Ko visible growth (turbidity)j
-f= Pair growth (turbidity); =F= -¥e Heavy growth (turbidity).

% 'rryi‘ti""i'&@’ "3?"; 3}”“ ”4; at;gf;; Hgii{)é"fﬁsjﬁ, {)gi}l%
and glucosa, L. -

## Yeast extract, _ 2.2%3 KgHPO4, O, 25; igaﬁé.7ﬁﬁu, 0. 01%;
and glucose, 2%. (In the case where tonate” juice was
added, 1t existed In & concentration of 209.)
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available glucose than do the other 18 cultures of L. fermenti
(table 13), Respectively, only 26, 19, and 17 per cent of the
glucose present is attacked, and it must be remembered that
the medium employed in these determinations contained temato
Juice (see "Materials and Methods™), In short, as compared

to the other fermenti cultures, these three strains manifest
a weakness of fermentative power. Later on, when discussing
another culture (l18L-6), we will be confronted with this weake
ness to an even greater degree., Should the reader womder why
such a point is being made of this progressive loss of fer-
mentative ability, it must be remembered that bacterial types
are present in nature which taxonomists have assigned separate
generic rank and which resemble the lactobacilli closely ex-
cept for 8 dearth of fermentative power, for example, some

of the Corynebacteriaceae (Breed et al., 1548).

The only absolute criteria of the hetercofermentative
nature of a lactobacilius is an evaluation of the guantity
of lactic acid formed based upon the amount of carbohydrate
fermented., Glucose or lactose are the carbohydrates usually
employed. It wmay be seen in table 13 that these hegatic cule
tures of fermentl convert less than 49 per cent ¢f the fer-
mented glucose to nonvolatile acid, calculated as lactic
acid. The levo and dextro forms of lactic acid are produced
in almost equal amounts, there usually being a very slight
excess of the dextro isomer formed however, Hence, the zinc

lactate prepared from the acid was predominantly inactive.
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In fact, had not the zinc lactate been crystallized in several
fractions, thereby utilizing the greater scolubility of the
active zinc lactate, the slight excess of the active isomer
probably would not have been detected.

The heterofermentative nature of the cultures obviously
ceuld not have been elucidated by means of the per cent fer-
mented glucose converted to volatile acidity, since in this
respect they do not differ appreciably from the homofermenta-
tive specles, little volatile acid being formed. The
fastidious strains (37TL-~10b, 43L-2, and 461L-6), it will be
noted, form somewhat greater amounts of volatile acid, ree
spectively 7.0, 7.9, and 9.2 per cent (calculated as acetic
acid). All the cultures produce considerable gas however,

Of tentimes the vaseline overlay was pushed completely out of
the test tube by the force of the gas generated., This is in
contradistinction to the homofermentative cul tures (except
one) which produce little or no gas under the same conditions.
Any remainder of fermented glucose must be converted to none
acidic compounds. (The L. fermenti studied by Jan omit, 1§15,
from glucose formed considerable alcohel and some glycerol in
addition to carbonic and lactic acids., Very little vcoclatile
acid other than carbonic was produced.)

A few observations regarding gas production by the hepatic
fermenti strains may well be in order here, Hore gas was
formed at 41 C than at 35 C, whereas gas never agpeared at

434 C or higher, even in the cases of the strains which grew



101

well at 43 ¢, producing as low a pH at this temperature as at
41 ¢, {or example, cultures 37L-1ldb and 37L-15, (Perhaps the
higher temperatures inhibit the e¢nzyme system causing gas pro=-
duction.) It would be very interesting to know to what end
product, or products, the portion of the fermented glucose
normally going to gas, forms at the higher temperatures, Hay
a heterofermentative species behave as a homofermentative
species at the highest temperatures which still allow its
development? In this connection, while studying the hetero-
fermentative lactobacilli, Thiel (1940) observed that the
ratic of lactic acid produced to the sugar disappearing from
the mediunm is unaffected by temperature or oxygen tension,

The hepatic fermenti strains investigated also reguired
varying times in order to form visible gas beneath the vaseline
seal} cultures 37L~s; a7L-11a, 37L-1lb, 43L-2, and 69L-3, for
instance, pushed the vaseline overlay sonmetimes completely out
of the tube in a day or less at 37 €, Cultures 37L-8a, 37L~10a,
46818, and bB5L-5 required two days, and cultures 3TLe-8c three
days to produce visible gas under the same conditions.

There is some variance in the temperatures permitting
growth (turbidity and lowering of pH) by the ferwmenti strains,
While seven cultures grew at 454 C, an equal number would not
grow much above 41 €, None grew at 20 © even aflter incubation
at that temperature for two weeks, Three cultures (37TL=T,
37L-8c, and 46L-G) show a very narrow temperaturs range pere

mitting growth, not propagating at 30 C or 43% C, The optimun
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temperature for growth of this species from Bblackhead livers
as evidenced by development of turbidity, seems to be near

4} ¢, which is not surprising, since this is the body {(rectal)
temperature of the turkey (H¥arsden and Xartin, 1839). The
fermenti studied by Smit (1915) and Pedersoen (1838) were able
to grow a few degrees higher than cur strains, whereas the

Lactobacillus fermenti (Betabacterium longum) of Orla-~Jensen

(1919) agrees more closely with ocur strains iw this aspect.
Little or no acid is formed in skim milk by the fermenti
cultures described herej 37L-11D, the most active strain in
this substrate, producing only 0.23 per cent acid (calculated
as lactic acid) and a final pH of only 5.8 after incubation at
37 € for two weeks, Urla-Jensen (191%) has pointed ocut that
the heterofermentative lactobacilli, as a rule, grow poorly
in milk,

Since lLactobacillus fermenti has been encountered in

Elackhead livers, this species would be expected to occur
normally in the turkey's cecum, This has been shown to be
the case, and two regresentative strains from this organ
{(from cecal feces) have been described by Harrison and Hansen
(1950c). Although the cccasional xylosc-fermenting strain of
fermenti from the cecum has no counterpart in the blackhead
livers studied, many hepatic cultures show a fermentation
pattern identical to one of the fecal cultures described
(28-35),

Lactobacillus fermentli may vary greatly in morphology
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from strain to strain, as is apparent in the accompanying
rhotographs. mless stated otherwise, the photomicrographs

were made of crystal viocletestained swmears frosm 24 hour, 37 C,
anaerobic, yeast extract glucose slant cultures, They wers

taken at ap initial magnification of 700 and then enlarged to
twice the size, resulting in an overall magpification of 1,400
diamoters. Four strains of fermenti have been chosen as repre-
sentatives of the morphelogical types of this species encountered
in blackhead lesions,

Many strains are guite pleomorphic, containing celis of
extreme variances in length -« {rom coccoid eclements to fila-
mentous forms, as typified by strain 37L-10a3 short chains
occur aaea$iana11y; and the longer c¢ells are of ten somewhat
curved (fipure 4A)., Most unusual are the tiny "buds® attached
te the shorter rods. Other strains, typified by 37L-~10b, ale
though still manifesting quite a variability in cell length,
are not as pleomerphic. Only in rare instances does a cell
show branching, as may be observed in the case of the terminal
cell of the centraliy-located chain in figure 45. However,
tomato julce broth cpltures of this same organism manifest
a great pleomorphism, with rods of varying lengths, even
coccoid clements, and especially, an extreme bending by some
cells, 4t second glance it is apparent that many of the coccoid
forms are merely tightly curled rods (figure 4D)., (Other

lactobacillus types, for instance some strains of plantarunm,

respond te tomato julce by also bending or curling to a great
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degree. ) It is worthy of note that the more bizarre forms
from tomate juice broth are readily decolorized with ethyl
alcohol when gram-stailncd, whereas the more unifornm rods ree-
tain the crystal violet.

Uther ropresentatives of this speciecs present a more
conventional appearance. Strains 3561.-5 and 66L-3 (figures
5C and 3D) are, for the most part, short, plump, unifors rods;
culture 43L=2, on the other hand, consists of quite small dise
crete rods (figure 40).

That the oxygen tensicn sometimes alffects the cell shape
is apparent when one Compares figure 3A with figure 5C., Both
photographs are of the same strain (565L-0) under identical
conditions, except in the former figure the smear was prepared
from an aercbic, rather than an anaerobic slant., There is a
greater tendency toward the filazcntous cellular form also with
aerobic cultures of G9L-3 {(figures 35 and 5&) and 37L=11b,
Aercobic cultures of feramsnti are more likely to develop somew
what swolien rods, as is the case with stradna 3TL-6 and
43i=23 swollen Celis dre seldem seen when the culture is grown
anaerobically. In this connection, van Niel (1$22) observed

a great degree of pleomorphisa by his Tropionibacteriur strains

when cultiivated on solid media aercbically, wheareas the cells
appeared mure unifors under anaerchic corditions,

The hepatic fermentl were decldedly more anmerobic when
first isvlated, Mor example, of the lactebacillus cultures

from liver sample O7L, strains 371.-7, 37L«153, and 3TL-10 were
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still obligately anaerobic after four or five transfersj the
cthers from this liver had become capable of aerobic growth

by this time however, Stralns §5L-3 and 69L-3 were anaerobic
when isolated, later adapting to aercobic conditions, whereas
381L.-7 was capable of aerobic growth from the start, having
been isclated from an aercbic bugonagar plate, On the other
hand, even at the time of this writing, 37L=8¢, 3TL-10a,
37L=10b, 43L-2, and 46L=6 produce no surface growth on agar
unless cultivated under a reduced oxygen tension. 1t must be
pointed out however, that anaerobic bacteria were stored on
the yeast extract glucose agar slants in apaerobic jars in

the ice box, being transferred to fresh anaerobic slants every
two weeks, Had these lactobacilli been carried in deep butts
rather than anaerobic jars, with the subtsequent possibility of
some air seeping to the organisms, perhaps a tolerance toward
air would have occurred more gquickly. 4s it was, the only
time the cultures were exposed to the atmosphere was at the
time of transfer.

Worthy of note is the fact that in the thin vell-like
growth of strains 37Lella and 37L-1lb (observed in July 165351)
more prolific daughter colonies developedj these daughter colo=-
nies did not occur on the parallel anaercbic slants, but only
on the slants incubated in the presence of the atmosphere, 1
concluded that these outgrowths occurred as a result of a
selective development of the more aire-tolerant individuals in

the two cultures., This observation indicates that even an
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already scmewhat air-teolerant strain may adjust itself in sonme
way s0 that heavier aerobic growth results.
Listod next in table 11 are five cultures (37L~8a through

3YL-18a) of Lactobacillu® acidophilus isclated from two blackhead

livers. 1 am using the definition of this syecies provided by
Orila-Jensen et al. (1936) and recognized by Tittsler and Rogosa
(1948)., The cultures ferment the monosaccharides, and sucrose,
mal tose, lactose, raffinuse, dJdextrin, anJd salicin. Two attack
melibicese, four starch, and three cellobiose, one strongly,

the others only weakly. Salicin fermentation reflects their
homofermentative nature, and sets thewm apart from the cule-
tures of fermenti tabulated directly above. The fermentation

pattern presented by these hepatic acidephilus cultures, ale

though agrecing in the main, does not fit exactly the fere
mentation pattern exhihited by fecal strains of this species
from turkeys, but as has been already pointed out (Harrison
and Hansen, 19350¢) there is a great deal of variance among

members of the acidophilus group in regard to their fer-

mentation of the die-, trie-, and polysaccharides, The first

five acidophilus strains tabulated are able to attack esculin;

the activity of the other strains of this species has not
been determined., The splitting of the glycoside was detected
by means of the coleor test employing ferric citrate reagent
rather than by the measurement of the final pH,

The homofermentative nature of the acidophilus cultures

is apparent from the fact that more than TU per cent of the
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fermented glucose is converted to nonveolatile acid (calculated
as lactic acid). It is interesting that the siradin which proe
duces the least amount of nopvolatile acid (37L=8a) forns some

gas in addition (table 13). The other 3 cultures of acidophilus

forn no detectable gas, and convert almost every bilt of the
fermented glucose to nonvolatile acid, respectively 21, 94,
and 98 per cent., The lactic acid formed is inactive. Very
1ittle of the fernmented glucose is converted to volatile acidity
(calculated as acetic acid), less than 4 per cent, Culture
3TL-8b differs from the other four in being unable to produce
sufficient acld in milk to cause curdliing, and in showing a
narrower temperature range pernmitting growth. It does not
develop at 30 C or 45) C, while the other four cultures do,
although sometimes only poorly at the higher temperatures
(table 13),

Cultures 18L-2, 37i=~4, and 1l8L~6, also strains of L.

acidophilus, which are unusual in some respects have been

listed apuart from the five strains tabulated directly above,
Little or no growth occurs in skim milk (table 13); the first
two bring about a very slight fermentation of xylose, arabinose,
and rhamnosej whereas 18L-0 produces only 1ittle acid in the
substrates 1t attacks, being particevlar weak in the di-, and
trisaccharides (table 11), while a lack of raffinosec fore-
mentation is not unuswual, only twe strains investigated by
Crla=Jensen ¢t al., (1036) were unable te attack lactosec,

Culture 10L-8 shows only displeasurs toward the various
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fare that have been offered it; even tomatu Juice broth does
not fulfilli its requirements, since only 8.7 per cent of the
available glucose is attacked (table 13), and in this medium
no appreciable turbidity or lowering of pH is discernable af ter
24 hours' incubation (table 12), although some turbidity does
appear after incubation for several days, sSince pugonagar (a
mediuvm containing trypticase as a nitrogen source) allows good
growth of this organism, 18L-06 was inoculated inte & trypti-
case brothg with this nitrogen source growth is best, although
admittedly still only weak (table 12)., The fastidiousness of
this strain is again apparent from the fact that it has the
narrowest temperature range permitting growth, developing at
neither 30 C nor 434 C. This strain is related to the other
acidophilus cultures in much the same wmanner as the three

more fastidious fermenti strains (37L-10b, 43L=2, and 46L-6)
are related to the others of this latter species,

The two acidophilus strains from liver 18L produce measure-

able amounts of levo-lactic acid in excess of the dextro form,
and in this respect differ somewhat from the others, but are
not atypical of the species in this regard since L. acidophilus
may produce eithor gure inactive lactic acid or predominantly
inactive acid with a slight excess of the levo isomer (Urla-
Jensen et al., 1%36).

The flask containing culture 1l8L-2 yielded less volatile

acid than the control flask, and since nmy analysis was at first
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suspected to be at fault the experiment was repeated, but with
the same results; volatile acid appears to be used upy rather
than generated, although admittedly only tv a small degree
(table 13)., The other strain from this liver, 1l8L-6, also is
somewhat unusual due to the fact that the aclidity resul ting
from glucose lermentation totals to somewhat over 100 per cent,
These phenomena may be expected if 18Le2 and liL-8 are able to
utilize carbon dioxide.

Of the hepatic acidophilus cultures investigated, 37L=-8Db
most closely resembles the strains of this species we isolated
from the cecal feces of healthy turkeys (larrison and Hansen,
1950c¢),

Lactobacillus acidophilus, like the hepatic fermenti,

alsc demonstrate morphological differences., For instance, when
cultivated aerobically, cultures 18L-2 (figure 6A) and 37iL-4
(figure 61) appear as quite small, uniform rods varying some-
what in length, and occurring sometimes in short chains,
where¢as anaerobic incubation causes thex to present a more
coccoid appearance (figures 6C and 6D)., On the other hand,
strains 37L=-8a, 37L-8b, and 30L~l6a present the same morpho=
logical appearance whether cultivated aerobically or anaercbicale
ly. In addition, the latter three strains are larger and tend
to ferm a greater number of filamentous cells, this latter
trait being especially characteristic of 38L-16a (figure 8().
For some time it has been known that the lactobacilli way

vary morphologically on different substrates (urlia-Jensen, 1%19),
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The following cobservation, therefore, is not uniquet culture
18L=t consists of rather long rods when grown on anaerocbic
yveast extract-glucose agar (figure TA), while on anaerobic
Lugonagar, the preferred medium, the cells are tiny (figure
7C).

The acidophilus strains, like the fermenti, vary in regard
to their sensitivity toward oxygen, especially when freshly
isolated. Whereas l8L=2 grew on aerobic slants when first isco-
lated, 18L=6 required anaerobic incubation for the first few
transfers. In a like manner, strains 3TL-4, 3%L-l0, and d9L=-léa
were aerobic from the beginning, while 37L-8a and 37L-8bL re=-
mained anaerobic for a considerable period of time. All the

hepatic acidophilus culturces now produce at least some aerobic

growth when streaked onto the surface of agar slants,

Lactobaciilus bifidus was encountered in one liver sample,

and three strains of this heterofermentative organism (89Lel4,
39L-15, and 3%Le~16b) are listed in table 11, The fermentation

pattern of these cultures is not unlike that of L. acidophilus,

except for one important difference: the strong fermentation
of xylose and arabinose, This is one of the features pointed
out by Urla-Jensen et al. (1936) and used LY him to differenti-

ate the two., OCur cultures of this species, like acidophilus,

and for that matter, fermenti, d¢ not attack the alcohols;
besides xylose and arabinose, they ferment the monosaccharides,
although mannose=fermentation is lacking in cone instance

(39L~16b), and vary in trehalose, cellobiose, melezitose, and
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starch. Urla-Jensen gt al. (1936) obLserved the variable be-
havior in starch, and also called attentiovon to the weak or
lacking fermentation of mannose, which is so characteristic of
this lactobacilius type, a similarity with fermenti and dissimie
larity to acidophilus. None of the strains of bifidus studied
by Uria-Jensen (1943) attacked trehalose, whereas twoe of my
strains do sc. Like wmy hepatic acidophilus, the pifidus cul=-
tures tested split esculin. Anna L. Orla-Jensen (1934) observed
that Lactobacilius acidophiius (Thurmebacterium intestinale)
split this glucouside, but she did not test bifddus in this
substance,

L. bifidus usually curdles milk, although my strains proe-
duce only slight acidity in this substrate. The strains here
investigated show & narrower and somewhat lower temperature
range permitting growth than do the acidophilus cultures, bLut
too few strains have been studied to draw any definite con=-
ciusions as to whether this observaticn 1s merely coincidental
or represents an actual differcnce between hepatic strains of

agidophilus and bifidus.

The fundamental Jdifference between acidophilus and bifidus,
a difference so profound in nature as to have lead socme ine
vestigators (Orla-Jensen et al., 19386) to assign these two
organisms separate generic rank, concerns the wmanner in which
fermentable carbohydrates are utilized, As has been pointed

out, L. acidophilus forms mainly a single product, lactic acid,

as a resuvlt of glucose breakdowny this organiswm is therefore
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termed homofermentative. In juxtaposition, L. bifidus is called
heterofermentative, since glucose breakdown by this organism
leads to considerable amounts of more than one end product,
namely, lactic and acetic acids, and somectimes small amounts

of propionic acld. WwWe have had no difficulty in differentiating

acidophilus from bifidus on this basis, whether isolated from

feces or blackhead livers., The bifidus cultwres studied here,
as well as those encountered from feces (larrison and Hansen,
1650a), convert apgproximately half of the fermented glucose

to volatile acid (calculated as acetic acid), convert the
majority of the remaining fermented glucose to dextro=lactic
acid (table 13), and are therefore phenotypic of the speciles
as defined by Urla-Jensen et al. (1936). This is opposed to
the situation as it concerns acidophilus, in which no appreci-
able amount of volatile acid is formed, and in which almost
all the fermented glucose is converted to an equal mixture

of dextro- and levoe-lactic acids, or a mixture in which the
levo isomer occurs in a slight excess,

Superimpesed over the stable characters just mentioned
(certain fermentation reactions and manner of glucose break-
down), there occur certain variable characteristics upon which
some workers, unfortunately, have placed undue taxonomical
importance, Heading the list of these variable traits are
morphology and oxygen tension preference. L. bifidus is nmore

anaercobic than acidophilus, and when freshly isolated from

feces or blackhead livers remains an obligate anaerobe for



some time, before its continuwal cultivation on artificial
media may render it finally capable of aeroblc growth. At
the same time, the characteristic pleomorphic, clubeshagped
and branching cell-forms usually observed in the freshly iso-
lated state may glve way to the monomorphic straight rods of

the acidophilus-type after repeated transfers in the labora=-

tory. These changes are very striking, and together with
other observations, lead Kettger and coeworkers (hkeiss and
Rettger, 1834; and Rettger gt al., 1935) to conclude that
bifidus and acidophilus were one and the same species. Prior
to 1936, the techniques s0 successfully enmployed by (rlae
Jensen for differentiating bacteria of this group were unknown
to the American workers, in fact, even the monograph which ap-
peared in the Proceedings of the Royal Academy of Science of
Denmark (Urla-Jensen, 1919), Therefore in the 1530%s much
confusion existed in the literature regarding the taxonomy

of these two lactobacilli types,

Lactobacilius bifidus strain 34L-15 has shown good bifid

mnorphology on anaeroblc ysast extract-glucose agar ever since
being isolated twe years ago, although it must be adwmitted, for
about 14 months of that time the culture was in the lyophilized
state. (Figure TB was prepared from this culture at the time
of this writing, October 1458l.) Strain 39L-14 was isclated
along with the above culture, and presented the same norpho-
logical appearance, but has not been viewed recently. Somewhat

different is the case of 39L-~16bj when observed in February 19861
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this organism appeared very filamentous, like an actinomycete,
no bifid forms being discernable (figure 851), whereas now,
eight months later, it apgpears similar to the two strains
mentioned above, although it shows a greater tendency toward
chain formation (figure 80D),

Up to the present time, all three strains grow on the
surface of yeast extract glucose siants only when incubated
under anaercbic conditions,

In the appendix to this thesis, a number of bifidus strains
from the cecal feces of healthy turkeys are discussed, one of
which may now be cultivated on agar slants in the presence of
the atmosphere and which cannot be differentiated from acidophilus
morphologicaliy. The fecal strains are compared to the hepatic

strains of bifidus.

Now that all the hepatic lactobacilli have been character=
ized and assigned an appropriate name, sone interesting relation-
ships existing between certain strains may be discussed with
greater implicitness. The reader may recollect that earlier
in the discussicon of the lacteobacilli (page 90), it was pointed
cut that a number of the cultures when revived from the lyophil=-
ized state, and eventually streaked owt on agar plates, were
cbserved to yield more than one type of colony.

for example, culture 36L=18, which when studied supere
ficially before lyophilization was observed to be an anaerobe

and appeared to be composed of many clube~shaped and branching
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cells, so that a likeness to diphtheroids and L. bifidus was
noted, when reconstituted from the lyophilization ampoule,
transferred several times anaerobically on kugonagar, anid
eventually streaked out on this medium, was observed to form
an abundance of two colony types: some were white =- one of
these was sclected and labeled 3%L-16a, while others were
bluish and more translucent «- one of which was picked from
the plate and labeled 39L«16b. The former, strain J8L-lta, was
capable of immediate aerobic surface growth on yeast extract
glucose agar, and when viewed microscopically was observed
to be composed of many branching, uneven-staining cells
(figure 8A); whereas 39L-16b was an obligate anaerobe, and
appeared entirely different morphologically (figure 88)., It
was not long, however, before 59L-16a lost all semblance of
bifid morphology and presented & wmore conventional apjpearance
(figure 8C). <Concurrent with this metamorphasis, J39L-16D
loet much of its filamentous aspect and now shows striking
bifid morphology (figure 8i); it seems to have acquired the
very trait cast aside by 3%L-16al

These two offspring differ in ways other than morphology
anu oxygen tension preference. The homofermentative nature
of 39L-1l6a and the heterofermentative nature of 39L-16b have
already been contrasted, but shall be menticned again briefly.
Whereas both offspring ferment the same amount of glucose
(table 13), one produces less than threc per cent volatile

acidity while the other forms almost 50 per cent volatile
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acidity, and the lactic acid Fformed by the homofermentative
strain is inactive while that produced by the other is pre-
dominantly the dextro isomer (table 13)., Considerable acid is
formed in milk by the homofermentative strain, whereas the
heterofermentative organism does not grow appreciably in this
substrate, In addition tv the unlike behavior in xylose and
arabinose, the twc organisms differ further in regard to the
fermentation of manncse, cellobiose, and melibiose (table 11).
Also, as has been pointed ocut, the heterofermentative strain
has a narrower temperature range permitting growth, All
characters considered, it is obvious that the two organisms
differ from sach other greatly.

It is unfortunate that the parent culturet's behavior in
respect to fermentation and products arising from glucese
breakdown has not been determined, so that it might be eluci-
dated which of the two offspring most closely resembled the
parent. In this connection, in regard to morphology and
tolerance to the atmosphere 38L-16b, the heteroferumentative
bifidus type resembles the parent, It is interesting that
from this same liver were isolated cultures which did not
manifest this "activity", that is, did not give rise to more
than one colony type. Une of these, 39L=10, resembles closely

361=16a and is phenotypic of L. acidophilus (as defined by

Crla-Jensen), whereas another, 3¢L-15, is phenotypic of L.
bifidus (as defined by this same worker) and resembles 39UL=-16Db,.

The pessibility that the parent culture was not pure is of
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course nct to he overlooked, Iowever, 1 feel this not to be
the case becausae the recosnized chances in morphology and
exygen tension proeference by these organisms does indicate
gsome scrt of "instability® in bifidus cultures, especially
since Xorris gt al, (1954), by means of single cell isoclation,

were able to develop a monomorphic, acidophilus-like culture

from a parent culture possessing the bifid morphology.

The differcnces betweon 37Le-11la and 37L-11b, and 370L-10a
and 37L=10b, while not as spoectacular as in the instance c¢ited
directly above, and although net transcending established
gpecies types, are certainly measurable (tables 11 and 13).
Strains 3TLe-10a and 37TL«10b have already been discussed,
suffice to say here, the latter strain is a more fastidious
counterpart of the former, It has a narrower temperature
range permitting growth, utilizes less of the available
glucese, converts less of the fermented sugar to nonvelatile
acid, and? forns less acldity in the substrates it attacks,
oth strains are, at the time of this writing, anaerobic,

The twe colonies arising from 37011 gave risce to cultures
which are practically identical, at least appear so with the
tests employed in this study.

Three types of colonies wers formed by 37Le8, and again
these different colony types gave rise to strains possessing
differences of such magnitude as to transcend species boundaries,
The parent culture (37L-~8) was capable of feeble aserobic growth

when first isclated, It demconstrated considerable pleomorphism,
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with filamentous and ceccold elements mixed together, After
revival from the lyephilized state and eventual streaking on
an Duzonapar nlate (see page Ql); three types of colopies were
discernable: some were rather large and white «« one of which
was subcul tured and labeled S?L-ﬁa; others were also white

but smaller and discrete -- one of these was subcul tured and
labeled 3T7TL-8b, while 3till others were small, bluish, and
more translucent =« one of this type was subcultured and
designated 37L-8c. At this time, all three strains preferred
anaerobic conditions, and 3TL-8a rescmbled its parentin that
it manifested the same sort of pleomorphism, showing filae-
mentous and cocceld cellular types., In Jjuxtaposition, the
other twe differed from e&ch other and also from 37L-8a in re-
gard to morpholoegy, Strain 370..-8b appeared as fairly large,
long curved r@ds; whereas 37L-8c consisted of small uniform rods,
No longer, hawever; does 3TL-8a present the extreme pleomorphe
ism, and now 1t resembles closely 37L-8D, although this latter
organism®s cells have an average diameter slightly greater
than that of the former (compare figures 94 and 9B). Moree
over, when stained with polychrome methylene blue the larger
strain shows a striking metachromatic granulation {(fipgure oL}
the other two offspring lack this feature. Strain 37L-8c is
the smallest (figure 9C), the average ceoll length beiny only
glightly greater then the average diameter of the cells of
3TL=-8b, At the time of this writing 37TLe8c is unable to

develop on the surface of agar unless incubation is under a
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reduced oxygen tension, whercas its brothers are able 1o develop
aercbically after prolonged incubation (several days). Strains
37TL-8a and 3T7L-8Dk attack esculin, whercas 3TL-8c does not.

In tables 11 and 13 one may compare certain characteristics
of these three lactobacilli, It may be seen that 3TL-8a is
able to utilize ali the available glucese (a five per cent solue-
tion of this monosaccharide in a tomato Juice broth, see page
42) and this may be one of the reasons why it formed the larger
colony type. In addition, this strain is the strongest fer-
nenter of lactose in skim milk and can grow between the widest
range of temperatures, As has been already pointed out, this
homofermentative organism fits the description of L. acidophiius,
and I have assigned it that epithet., It is interesting in this
connection that this is the only agidophilus culture encountered
from blackhecad livers that produces visivble gas, and in this
manner belies its kinship to 37L-8¢ which is also a gaseformer
and a typlcal L. fermenti. UHowever, a closer kinship exists
between this organism (370L~8a) and 37L-8b, which has oeen
also classified as [,. acidephilus. This latter strain, it may
Le remembere¢d, arose from the smaller white colony type, and
paralleling this smaller colony size is its lack of lactose
fermentation and poorer utilization of available glucose. 1t
converts a greater portion of the fermented glucose to none
volatile acid (as lactic), which is not at all surprising zince,
unlike its brothers, it produces no visible gas., A few words

concerning gas production by 37L-8a and 3TL=-8c may well be
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apropos at this time. %When tested for this characteristic as
cutlined on page 41, both strains were observed to generate

gas in about eqgual amcounts, In this respect the two behave

as if they are one and the same organism, Xow it must be ree
membered that 37L-8a utilized all the glucose presented it,
whereas 37L=8c¢ fermented only 85 per cent of the available
Elucosey therefore, the former strain is actually converting
less of the fermented sugar to gas. Those of a speculative
nature will no doubt attempt to explain this behavior in some
manner, If strain 37L-8a actually should be impure, and con-
sists of a mixture of cells of the 37L-8b and 3T7Le8c types,
then one could conclude that the behavior we have associated
wlith 37Lefa merely represents the additive properties of

37L=8b and 37L-8c, the latter strain fermenting glucose to

the respective end products -« including gas, whereas 3TL-805
ferments it without gas formation, However, if 37L-8a is
merely a mixture of 37iL=-8b and 37L=8¢ other characters would

be expected to be additive, which is not the case., aActually,
37i=8a possesscs properties absent in both the other strains,
For exanmple, it forms a high degree of acidity in milk, whereas
371L=-8b attacks this substrate only weakly and 3T7L-8¢ lacks
lactose fermentation altugether. In addition, it is able to
grow at 30 C and 454 ¢, properties not shared by the other

two. Finally, the morphological picture renders the hypothesis
fallible; none of the ceils in culture 3T7TL-8a show metachromatic

granulation, a property of cells of 37L-8b. However, the fact
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that all characters are not additive may not necessarily mean
that the explanation does not after all lie in the impurity of
the culture, since perhaps ST7L-8h and 3TLe~8¢ when grown together
act upon each cother as to modify somewhat each's characters,
Additional work wiil be necessary in erder to determine whether
the behavior of 3TL=8 is due to impurity or dJdisassociaticn,
tuantative studies with this, and the other *active" lactice

bacilli are contemplated for the future,

Ce Hicroorganisms in blackhead livers which are not
encountered in the agar pour plates
The degree of parasitism possible in a blackhead liver is
amply demonstrated by the results obtained with liver sample
341., This liver specimen was removed from a poult that had
died of the disease, The plate count was approximately one
million per gram of liver (table 5), a 4.5 gram sample being

employed, [ischerichia coli appeared to exist in pure culture,

since every colony tested was able to ferment lactuse with the
production of acid and gasi the colonies tested further gave
the typical reactions of . coli, and the one strain tested
for pathogenicity (34L-1) produced death after a single day
(table 8)., The plating technique, therefore, indicated that
Le €o0li occurred in the liver with the protozoan parasite,

liig tomonas meleagridis. MHicroscopic examination of a stained
-1

film prepared from the initial 10 dilution allowed the same

conclusion to be reached, since short, plump rods were easily
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detected,

After plating the sample, the initial 1071 ailution bottle
and contents were placed in the 41 to 42 € incubator in order
to see what organisms would grow under these conditions, and
to attepnt to cultivats the histomonad, After two weecks!'! incue
batien; a microscopic sxanmination of several drops of the contents
revealed the prasence of many bacterda (short rods, prouably

E. goli) and Trichomonas. A few tenths of a mul of the suspension

were transferroed to DeVolt's (1943) monophasic mediun and incu=
bation continued at the same temperature, The mixed culture
wag carrised through these tubes and ohserved periodically.

After the socond transfer, not cnly was I, c¢oli and Trichononas

e
—

discernable, but also spirochetes (probably Dorrelia) and
histomonads,

It should be remembered that Retiger and HKirkpatrick
(1927) obsarved spirochaectal {forms irn India inke-stained films
prepared from blackhead livers. Their presence may be explained
in the same manner as the other livereresiding microorganisns,
by smigration from the cecun, Jowett (1911B) reported seeing
splirochetes in the cecal contents of healthy turkeys, and while
making a survey of the flora of this organ I also ohserved
then (Uarrdison and Hansen, 1€30a),

It must be pointed out here that this depree of parasitisns
is rares, ani scldom appears except in the livers of a few of
the turkeys that have died of the disease. Incunation of the

initial 16'1 dilution bottles frosm bacteria-ree livers or
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livers showing only & low plate count scliom reveal any other

nicroorganisms,

In the manner ocutlined above, Trichomonas was observed

alsc in liver samples 36L, 37L, and 40L3 in 370 histomonads
appeared as well,

Although it is perhaps a littie far afield, I would lile
to record one more observation at this time. The trichomonads
from liver 34L were observed to undergo a multiple divisiong
large, extremely active protoplasnmic masses were observed
which often filled the entire oileimmersion field and which
contained well over twenty individuals, that is, over twenty
tufts of flagella and unduvlating membranes could be seen
arcund the periphery of the mass, Although individual tricho-
nonads apypeared to continually try to pull away from the
living mass, they were never actually observed to Jdo so, and
ifT the large body was accidentally crushed beneath the coverw
glass all movement would cease, no individuals remaining intact.
Af ter a number of transfers through the monophasic medium the
trichemonads reverted to the orthodox manrer of division and
therefore the large Lodles were never stained. Kecently,

Hro. Tromba in H., ¥, UeVolt's laboratory has observed the sane
phenomenon in freshly isoclated cultures of this protozoan.

As far as I an aware, Trichosonas of avian origin has never

been reported to behave in this fashion,
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SUMMARY
If turkeys suffering from infectiocus enterchepatitis
are killed at the first appearance of symptoms and their dise

eascd livers examined, in the majority of cases only the

protozean parasite, Histomonas meleagridis, is discernabley

in only about une«third of these cases are bacteria encountered,
On the cother hand, If turkeys are allowed to die of blackhead
andi then thoir livers sanmpled, the reverse is true., ¥ow the

livers not only contain Histomonas meleagridis, but the ma-

Jority also yileld bacteriai in over two=thirds of these cases
bacteria are encountered,

These bacteria are opportunists and not an initiating
factor in the discase, The chances of isoclating them from
blackhead livers increase in proportion to the length of the
illness, In fact, the actual bacterial population, that is,
the number of bacteria per gram of liver, increases as the
disease progresses, However, some turkeys die of blackhead
whose livers remain free of bacteria, only the protezoan

parasite, Histomonas meleagridis, being discernable in the

livers of these cases,
The discovery that early in the disease a high propertion

of blackhead livers are bacteria-free provides a valuable tcol
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for acquiring Histomonas meleapridis inocula free of ali ccne

taminating bacteria., Hence, it becomes feasable to experiment
with pure cultures of the histomonad, furnishing further evie
dence of the etiological role of this protozoon in blackhead.
Although most of the bacteria isolated from blackhead
livers are in themselves not pathogenic, pathogenic strains
are sometimes encountered. Therefore, secondary or concurrent
bacterial infection may occasionally play the decisive role,
overriding the protozeoan parasitiss and terminating the ille
ness by an early death,
The following bacteria which are in themselves capable
of producing illness, and usuvally death, when injected into
the large wing vein of healthy poults have been isolated from

blackhead livers: Micrococcus pyogenes var, aureus (once),

Pseudomonas aeruginosa (once), Salmonella newport (twice), and

strains of Escherichia coli (thrice).

of the sixty livers sampled, twenty-nine yielded cultie
vatable bacteria, and, of these, twenty were found te contain

'scherichia c¢oli. This organism was the bacterial species

nost of ten encountered; in nine of the livers it was the only
bacterium isclated, whereas in elcecven cases it occcurred to-
gether with one or more additional types. Other gram-negative

rods were Ussudomonas aeruginosa and jpaimonella pewport.

Hembers of the genus Streptococcus were recovered from

nine livers, and represcentatives of the following species, as

well as an unidentified stregtococcus, were encountered:




126

5. faccalis, 5. inulinaceus, and 5. liguefaciens. O(ther cocci

- i~

were Micrococcus pyogenes, varieties aureus and albus, and M.

fiavus, as well as one or two strains of unidentified cocci

resembling pediococci,

S5ince menbers of the Lactobacillus are rarely encountered

in pathological conditions, those of this genus isolated from
blackhead livers were studied in considerable detail. The
following species were identified: L. acidophilus, L. bhifidus,
and L. fermenti.

As a result of the investigations with the lactobacilli,
it was observed that a number of cultures formed more than one
recognizable type of colony when streaked ouvt upon an agar
plate, %When these colony types were picked from a plate and
carried as individual strains they were found to differ from
one anocther not only in regard to colonial morphology but in
other aspects as wellj) in several instances they differed to
such an extent as to transcend established species boundaries,
However, additional work will be necessary in order to de-
termine whether thig behavior is dwe to impurity of the parent
culture or is due to disassociation of the cul ture,

In addition to the bacterial types mentioned in the pre-
ceding paragraphs which were picked from agar pour plates,
other organisms were occasionally encountered when bits of
the liver sample in the initial dilution bottle were incubated
and transferred through & serum rice starch broth, These

tubes occasionally rendered mixed cultures containing spirochetes
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and other bacteria, trichemonads, and histomonads.

The results presented in this dissertation not only pere
tain to the immediate problem concerning the role of bacteria
in blackhead of turkeys, but should be of value in suggesting
the bacterial types which may be expected to occur in similar
pathological comiitions of higher animals, for example, the

hepatic abscesses in amoebiasis of man,
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AVPERDIX

It has already been pointed out that the most numerous

anaercbe in the cecal feces of healthy turkeys is Lactobacillus

bifidus (Harrison and Hensen, 1950a and 1950¢). In these
earlier studies the lactobacilli showing decided anamerobic
preferences and strongly fermenting the pentoses were Ccone
sidered as bhifidusj actuslly, only several representatives of
the bifidus fermentative type were grown in flasks and the
products resulting from glucose fermentation determined. In
the light of the variances in morphology and oxygen tension
preference by this species it was deemed advisable to study
in more detail representatives of the bifildus type from feces,
especially since 1 was desirous to increase my collection of
auvthentic bifidus strains., Accordingly, a nuamber of the fecal
lactobacilli possessing the bifidus fermentation pattern and
considerced members of this type were studled along with the
hepatic lactobacilli,

The results are tabulated in tables 14 and 153 the four
fecal strains are compared with the three hepatic strains
which have been characterized on previous pages., Actually,
the most dimpeortant conclusion may be suomarized in one sentenced

In every case, the fecal lactobacilli which fermented xylocse
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Characteristics of Lactobacillus bifidus
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and arabinose and were considered L. bifidus are indeed typi-
cal examples of this species, since they are heterofermentative,
converting apuroximately a half of the fermented glucose to
volatile acid (calculated as acetic acid, table 1%) and forme-
ing lactic acid which is predorinantly the dextro isomer,
since, as has already been pointed out in this disserta-
tion, morpholopy and oxygen tension preference are not accurate
criteria for the differentiation of these two lactobacilli
types, the fermentation of the two penteses may be of value
as a rapid means of scparating the two organisms. The fermen-
tation of xylose and arabinose appears to be a stable trait,
at least Iin the strains examined to date, It is independent
of morpholopgy and oxygen tension preference as is pointed ocut
helow,
Whereas the three hepatic bifldus cultures are still
obligately anaerobic, the fecal strains can develop in tubes
of broth in the presence of the atmosphere, and were, theree
fore, studied under aerobic conditieons in regard to the fermen-
tation reactions. However, all fecal strains except 20«32
which has recently become completely aerobic, produce little
surface growth on agar or in broth having a large area ¢x=
pesed to the atmosphere, as 1s the case in flask cul tures,
and therefore reqguire a reduced oxygen tensicn for good de-
velopment under these latter conditions., Paralleling the

acrobic nature of 20«32 1s its complete lack of bifid mor-

£l 3

phologys it appears exactly like L. acidophilus in this
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respect (figure 10B). ©On the other hand, the obligately
anaerobic hepatic bifidus strains manifest a pronounced bifid
morphology (figure 10L/), whereas the intermediates 1n regard

to oxygen tension preference (21«39, 29«4, and 29«-T7) are alsoc
intermediate in regard to morphology, showing only an occasional
branching cell (figures 104 and 10C); but it should be emphae
sized that all seven cultures, nevertheless, bring about a
strong fermentation of xylose and arabinose (table 14), and

are no doubt still heterofermentative.

The seven strains investigated split esculin, None proe-
duce visible gas beneath the vaseline seal when cultivated in
tomato juice glucose broth,

There apgpears to be little or no difference between the
reactions of L. bifidus isolated directly from the cecal feces
i healthy turkeys and those dsclated from the diseased livers
of turkeys affected with blackhead disease. The more aerobic
nature of the fecal strains is probably omnly due to the fact

that they have bsen malntained in the laboratory for a longer

period of time,
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PIGURE 1

The liquid extraction apparatus employed to extract
lactic acid from broth cultures of the Lactobacteriaceae.
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PIGURL 4

The morphology of Lactobacillus fermenti from
blackhead livers, All smears are stained with crystal

violet (X 1,400).

Figurs 44.

Strain 371-10ag
anaeroblic, 24 hour,
87 €, veast extract

glucose agar culture.

Strain 43L-2;
anaerobzic, 24 hour,
37 €, yerst extract

glucose agar culture.

Figure 4B.

Strain 37L-10b}
anaerobic, 24 hour,
37 ¢, yeast extract

glucose agar culture,

Fi gure 41,

Strain 3T7L-10b3
anzsercbic, 24 howur,
837 €, tomato Juice

broth culture.






FIGURE: B

A comparison of aerobic and anaerobic morphology of
two strains of Lactobacillus fermenti from blackhead

livers,

All smears are stained with crystal viclet

and are from 24 hour, 37 ¢, yeast extract glucose agar

cul tures (X 1,400).

Fig ure BHA,

Strain 55L-5¢
aerobic incubation.

Strain 55L-53
anaercbic incubation.

E iE ure BB

Strain 68L-3}
aerobic incubation,

Figure Sb.

S5¢train GBL-3}
anaercbic incubation,






PFIGURL 6

A comparison of aerobic and anaerobic morphology of

two strains of Lactobacillius acidophilus from blackhead
livers, All smears are stained with crystal violet and

are from 24 hour, 37 ¢, yeast extract glucose agar
cultures (XI,400).

Figure CA. Figure 6B.
Strain 18Le-23% Strain 3TL=43
aerecbic incubation,

aerobic incubation,

Figure 6C. Figure 6D.
Strain 18Le23 Strain 3TL=43
anagerobic incubation.

anaerobic incubation,






FIGURe 7

The morphology of several lactcbacilli types and an
unidentified Streptococcus from blackhead livers. 4all
smears are stained with crystal violet and are from

24 hour, 37 ¢ cultures (X 1,400),

Fipure TA.

S min 1 8}';"6

(Lactobacilius

acldoy us )3
anaerocvic, yeast
extract glucose
agar culture,

Figure 7C.

(ﬁtrain 18L=8
L.actobacillus
aciﬁoﬁﬁz us )3
AnACrobic,
Lugonagar culture

pig urce TH.

Strain S9L-13
(Lactobacillus
T bilidus )}
anacrobic, yeast
extract glucose
agar culture,

Figure 7.

Strain 35L-8
(Streptococcus spe);
aerobic, pticase
glucose broth cul ture,






PFIGUK 8

Morphology of the progeny arising from the two colony
types which developed from lLactobacillus strain 391-16,
All smears are stained with crystal violet and are from
anaerobic, 24 hour, 37 ¢, yeast extract glucose agar
cultures (X 1,400),

Pigure Ba. Figure 8u.
Strain S9L-1lfa

{Lactobacillus
acIEQQEI%usS;

prepared prapﬁraﬂ
February 1, 1851, February 1, 18351,

Strain 39L-16a Strain 39L-16D0
(Lactobacillus (Lactobacillus
aclidophilus)} )3¥ us
prepared prepared

Gctober 14, 1851, Gectober 14, 19861,






FIGURE &

Horphology of the progeny arising from the three colony
types which developed from [actobacillus strain 37L-8,
A1l smears are from 24 hour, 37 ¢, cultures (X 1,400),

Strain 37L-8a
(Lactobacillus
&ci&&gﬁilq&f;
vyeast extract
glucose agar
cul ture, stained
with erystal violet.

_E“i.gur‘@ GC.

(&train 33L~$a
Lactobacillus
ermenti)}
yeast exiract
glucose agar
culture, stained
with crystal violet,

Pigure 9B.

Strain 370-80
(Lactobacillus

acido i hilus )

yeasi ex tract

giucose agar
cul ture, stained

with ¢rystal viclet.

Figure 8b,

(Lactobaciiius
AC1auph] us ),
Tomato Juice

broth culture,

stained with

poelychrome methyle







FIGULkL 10

The morphology of four strains of Lactobacillus
bifidus. All smears are stained with crystal violet
and are from 24 hour, 37 C, yeast extract glucose
agar cultures (X 1,400),

Figure 104, Figure 108.
Strain 21=343; Strain 20323
aerobhic anaerobic
incubation. incubation.
Figure 10C, Figure 10D.
Strain 26-43 Strain 39L-16Db;
anaerobic anaerobic

incubation, incubation.
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