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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
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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

























































































































































































































































































































































