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Abstract:

The history of the disease, diphtheria, is discussed, especially in the light of recent epidemics. Throat
cultures from 200 Montana State College students were studied to determine the number carrying
diphtheria or diphtherialike organisms. Thirteen organisms were isolated and compared
morphologically and physiologically with 14 known cultures of Corynebacterium diphtherias,
submitted by Frobisher and Galbraith, that had been cultured from the throats of patients with
diphtheria infections. All these organisms varied in some characteristic, so no serious attempt to
classify them was made. Five strains appeared very similar, to known cultures of C. diphtherias type
minimus. The other eight differed in at least one character from any of the corynebacteria described in
Bergey's Manual. The advantages and disadvantages of Loeffler's and Pai's media for primary
culturing, of the tellurite medium employed and of "chocolate" agar for purification are presented. The
Schick reactions of the students from whom these cultures had been obtained were determined, but
being negative, no further work was done. Cultures were made also from the throats of students with
pharyngitis, but no diphtheria or diphtherialike organisms were found. Possible reasons for this are
discussed.
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ABSTRACT

The history of the disease, diphtheria, is discussed, especidlly in
the light of recent epidemics. Throat cultures from 200 Montana State
College students were studied to determine the number carrying diphtheria
or diphtherialike organisms. = Thirteen organisms were isolated and com~
pared morphologically and physiologically with 1l known cultures of
Corynebacterium diphtheriae, .submitted by Frobisher and Galbraith, that had
been cultured from the throats of patients with diphtheria 1nfectlons. All -
these organisms varied in. some characteristic, so no serious attempt to
classify them was made., Five strains appeared very similar to known cul-
tures of C. diphtheriae type minimus. The other eight differed in at
least one character from any of the corynebacteria described in Bergey's
Manual. The advantages and disadvantages of Loeffler's and Pai's media
Tor primary culturing, of the tellurite medium employed and of "chocolate"
agar for purification are presented. The Schick reactions of the students
from whom these cultures had been obtained were determined, but being
negative, no further work was done. Cultures were made also from the
throats of students with pharyngitis, but no diphtheria or diphtherialike
organisms were found. Possible reasons for this are discussed. .
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A STUDY OF-CORYNEBACTEEIA ISOLATED FROM HUMAN THROATS
INTRODUCTION | |
Diphtheria was once coneidered to be a disease whose chief sufferers

were children, particularly those of preschool ége; ih some of the more
recent epidemics;.however, attention has been drawn to the number‘of those
afflicted who were of college age or older. Although severe.l ‘sur'veys‘ |
. have been made to determine vwhether children were carriers of diphtherla:
organisms, very few such investigations have been conducted on college
studehts. Therefore, it was felt that in view of the shift in age of
those contracting diphtheria, it would be valuable ho determine the'perq
centage of an unselected group of freshmen students at Montana,State
Gollege who harbored diphtheria or diphtherialike arganisms°

. As a part of their Freshman Week phy81ca1 exanination, each student
is given a Schick test. Those shbwing a positive reaction are giveh the
standard immunization inoculations against diphthepia° Since the informa=
tion concerning the results of the Schick reaction wds aveilable, it wae,'
planned to reculfure the throats of those etudehts showing a Positive
- Schick reaction, and from whom corynepaeteria had beehvisolated ﬁo detep-
mine the effech of their immunization on the flora of the throat. This was
to be done épproximately sixt& aays after the cohpletion Qf‘the imminiza=
tion. |

| In the‘eulthral‘diagnosis of diphtheria, Loeffler's blood.serum hasf
commonly been employed since it was first described by Loeffler in 188k,
McGuigan and Frobisher (1936) mentioned the use of Pai's medium ae a sub-

' stitute° In their opinion the labtter was as reliable a medium as Loeffler's
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and.simpler to prepare. It was, thefefdre; decided to ¢ ompare these média
when culturing the organisms ffom the students' throabts.
Some contraaictory statements are contained in the literafure as to
_ whether the diphtheroids, orgaiisms morphological ly resembling

Corynebacterium diphtheriae (Flugge) Lehmann and Neﬁmann, but with differ-

ent physiological proberties, are inhibited by the potassium tellurite
employed in the media now widely used for the isolation and identifiqation
of C. diphtberiae, There is also a qméstion as té whether the C. diﬁhthe~
riae popplatioﬁ of apparently normal throats differs from that of th;oats
showing pathological conditionse. ,Tbe presenf study was undertaken to

' obtain further information on these points.

REVIEW OF LITERATURE
Hiétorical Background
Diphthefia was established as a clinical entity in 1826 by Bretonneau
of Tours, ffgnce (Smith and Martin, 1948). It .was not, however, until
1883 that the diphtheria organism was described by Klebs in smears from
the membrane in the throats of patiepts with the diseases Loeffler iso=

lated the ofganism in a pure culture in the following year. For this

reason Gorypebgcterium diphtheriae (Flugge) Lehmann and Neumaﬁn is often

" referred to as thé klebs—Laeffier baCillUSa. Formerly there was some doubt
as to the reiationshié of these brgénisms to diphtheria, since they were
"also occasionally found in the throats of normal people and were not always
present in pseudomembranes. Some of the systemié manifestations. of the

infection which are now knownh to be due to the agtion of the diphthefia
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toxin were also a cause of confusion. The discovery of the exotoxin by
Roux and Yersin in 1888 eliminated the se doubts and established the etin
ological relatlonshlp of C, dlphtherlae to diphtheria.

A mallgnant form of dlphtherla appeared in France sometime between
1850 and 1860 (Smlth and Martin, 19L8) and spread over the world, reaching
a peak in London in-187k4. This v1ru1ent form was fourd in ‘Boston in 1872
where tlie death rates 1ncreased from 35 per 100,000 in 1872 to 218 per
100,000 in 1881, Smaller epidemic waves recurring at five to ten year
' intervalsdwere‘recorded thfdughout the world from 1880 to 1930, Sinee
then the death rate from diphtheria has declined, even in the countries
where prothlactic immunization has net been employed, as in Norway,' In
NeW'York'the death rabe dropped from 1,175 and 1,005 per 100, OOO in 1881
and. 1887, respectively, to almost none in 1935 This decline in the num=
ber of deathS'was attrlbuted to dlphthérla antltoxln whlch'was made avgil-
able to every dlphtherla patlent by. 1900 and to mass 1mmunlzatlon whlch
was started in 1915, (A more detalled hlstory of dlphtherla can be found
in Smith and Martln, 1948,) -

Description of Corynebacterlum dlphtherlae

[l

Corynebacterlnm dlphtherlae is a non—motlle, gram positive rod, occur-

ring’ 51ng1y, and varying greatly in 8ize (Breed, et al.,’ 19&8) - ‘The arrange-
ment of'the cells 1s espe01ally characterlstlc, ‘When the cells divide, the
cell membrane gives way on one.51de.. ‘This results in a snapplng poste=
fission movement and in the formation of a palisade or chinese letter

arrangement, Frobisher (19L9)’feels this to be "an especially useful
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diagrnostic feature". However, Bisset (1950) refers to this post~fission
movement as being "an interesting but quite unimportant artifact™, Usual-
ly the rods are s£faight, but often fhey appéar~to be slightly curved and
frequently are swollen at one or both ends. The rods do not, as a rule,
stain evenly with methylene blue, but show alternate bands of stained and
unStained material, Very often metachromatic granules appear. These are
refefred to aé pdlar quies-whén they are located at the ends of the
‘organism. These gfanules ére also termed artifacts by Bisset (1950) as
théy aré found-oniy in dried and stained preparations.‘ He believes them
to be Mdried aggregates of muclear and, probably, reserve food material',
Just as the organisms vary greatly in morphology, so the colony
forms vary. These varianﬁs have been described as follows:
1, Smooth (S) with a gl;stening‘surface and even edges.
2, Rough (R) having a dull éurface:and uneven margins.
3. Intermgdiates, which includé |
a. Sr, which more nearly resgmbles the pure S form.
b. rS, which are very similar to the R.
c. SR colonies which shpﬁ propertieé that are not like either
S.or.R; | |
Lo Dwarf (D) ﬁith'colonies so small thag magnification is required
té make.thgm‘visibie tdlthe human eye.
Based upon these:vafiations in morphology.of the organism itself
and the different colony forms, several, types of C. diphtheyiaé have ~

been described and named., The four types most universally récognizgd are

briefly described in table I
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Types of Corynebacterium diphtheriae

Type f ' Morphology ' Colony forms
gravis short rods l ' SR

uniformly staihing

mitis 1ong rods ' S
‘ ' metachromatic granules

intermedius long rods ) sR
: ' barred forms
clubbed ends’

minimis long rods a D
i barred fornms
¢lubbed ends

Serologlcal 1nvest1gatlon has shown that these types are also anti=-

gen:cally dlstlnct from one another (Jordon and Burrows, 19h7) Some

authorities regard the graviss mltls, 1ntermed1us and mlnlmus, not as types

but rather as subspecies of G. dlphtherlaen Both v1rulent and avirulent

stralns have been isolated in 511 of the types mentloned. ﬁowever,_Epobisher

et al,, (1951)reports that strains of the minimus type produce only

faint 1ntraderma1 reactions in rabblts when thelr virulence is tested by

standard procedures, but'bhat in .the agar-plate method of testing v1rulence,

not one minimus strain has ever been found to be non-virulent. ‘
The virulence of the diphtheria organism is'closely correlated with

the productlon of a potent exotox1nc 'Studiesﬂby Povitsky, Eisner, and

Jackson (1933) showed that all dlphtherla toxlns are s1m11ar. If they
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differed, it was only in the degree of toxicity, not in the kind. The
gravis S;train isolated dufing the dipkli?heria gpidemic at Halifax, Nova
Scotia in 1941, when g;r'own in a medium containing four micrograms of iron
per ml of culture fluid, synthesized ten times' as much toxin_.as other
strains tested. |
Malignant diphtheria _

There is a possibility that in the future a type of diphthefia ma&
be encountered against vhich our pre;sent methods of protection V\;ill not
prevail, This severe type of dipllli':heria, has already appeared ‘on ‘i:he
Furopean conti,neﬁt, and spread -to the B:r:'l.f;ish Isles about 1931, This
malignant, hypertoxic, or grave diphtheria differs from the ordinary
diphtheria bj the presence of marked éervical swelling, extrémer toxemia,
and albuminuria. There is freciuen’c.ly a development. of neuropathies and a .
very high death rate, in spite of early and large doses' of antitoxin
(Updyke and Frobisher, 19L7). |

“The first outbreak of this . malignant diphtheria to apbear on the
North American cohtinent, occurred in Halifax in 1940 and 1941, It has
been ;uspected that this outbreak was caused by a Norwegiaﬁ sailor from a
whaling vessel. Wheeler and Morton (1942) report that in this epidemic a
high pércentage of cases were in the older age group. Thely-suggest that™
this might be the result of fhe inmluniza’f;ion'of most qf the school children.

A somewhat similar outbreak of diphtherié. occurred in Baltiiore,
Maryland in ]:97_Lh. During the first six mc;nths of that year the mortality

" rate from ordinary diphtheria was six percent, while that from the




=11~

malignant diphtheria was hh percent. It was felt by some that this se—l..
verity might be due, nof to the diphtheria organism alone, but to its
synergistic acpion with some other organism, possibly streptococci. fEarly
:work b&‘Updyke and Frobisher (194)) seemed to point toward hemolytic
streptococci of the Lancefield Group B, associated with diphtheria organ-
isms of the mizig type. However, further work, with animals, also done
by Updyke and Frobisher (1947) did not support this supposition, and they
felt that the etiology of this malignant type of diphtheria was still
uncertaine |

A few investigators have tried to determine whether a certain type
of C. diphtherlae might not be respon51ble for this grave or malighant
diphtheria. Anderson, Happold, McLeod and Thomson (1931) felt that
in the epidemic which occurred in Leeds; England, C. giphtheriae type
gravis was associated with the severe and toxic cases of the disease and
the mizig tjpe‘with tﬁe milder cases. frobisher (1943) has found, how=-
ever, many strains of C. diphtheriae type EEEXEE in the United States
Wthh were completely atOXigenic. )

Kellogg- and Wende (l9h6) suggested the possibility that returning
troops from Europe might bring back strains of these more virulent forms .
of diphtheria organisms that are prevalent in Northern Europe, and that

the potential threat still made dlphtheria a problem that warranted

attention.

Corynebacterium diphtheriae type minimus

Tn 1947 and 1948 an epidemic of diphtheria appegred in-Utah with

several unusual features. The first was that the rather rare
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e A S —— W0 250 RN SO S 15— . )

-12-=

C. diphtheriae type minimus was isolated from 35 percent of the cases
(Jenkins, ll9)48)° The second was the large number of cases among school
children and older adults. It' was fouﬁd that the carrier rate of this
minimus type was. as high as 21.5 percent in a colle ge in Utah from which no
previous cases had been reported.

Bramhall, Galbraith, and Fraser (1948) in their rep-ort of the Utah
epldemlc s state that C. dlphther:l.ae type minimus seems to be oc currlng
more commonly in the United States, hav1ng been found also in Idaho,
Georgla, Maryland, and Kentuckys

A third feature 61‘ this epidemic was that of these minimus cases re-
ported, 58 tercent had been immunized against diphtheria.

Dlphtherla and 1mmum.zatlon

Frobisher (l9LLO) points out that dlphtherla epidemics of a fulmin-
ating néture, which seem to progress regardless of immunity, are not un=
commen. This may be because diphtheria éntitoiin immunity, regardless of
the immunizing procedure, is not permanent as reported by Volk et al, '(1%2)9
and that as time goes on, the antitoxin content of the blood is reduced.
Volk advoc;.ted tk}e reimmnization of children five to six yéars %fter the
i:mnunizaticl)n of infancy. -Tirlis loss of immunity could be, in part, the
cause of the high percéntage of cases in the “older age group in the Utah
epidemica )Tlr’le 'pero'entage of t‘ho.se previously inur{unized, whose dn;,phtheria

was 'caused by C. -diphtheriae type gravis was much lower.,
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Diphtheria carrier surveys .

Grossmann {19)40) did a Schick tést and diphtheriaacarrier-sﬁrvay of
‘white school children in Virginia., Hé found that in the age group from
five to fourteenr years; Qa'diphthefiae céfriers were five times as great
in the Schick negative children as in those who were Schick positive.

3ill (1940) conducted a carrier survey on white children in Alabama
during the years 1937 to 1939 and found a carrier incidence of toxigenie
C. diphtheriae of 0,87 percent for children from the ages of five to
fourteen years. Schuman and Doull (19L40) in their study of carriers in
Cleveland during the same time, found a lower rate, 0.56 percent, for the
same age group., The latter estimated the ratio of carrier ir;f'ections to
' clinical attacks as being 5331 They attributed this high ratio to the
loss in pathoéenicity of tﬁe C. diphtheriae of that period,

From a study of the surveys made in the Upited States, it appears
that the diphtheria picture as regards, incidence, susceptibility, and
carrier' status is not uniform throughout the country. Frobisher (1942)

states that carrier surveys have shown that many types of diphtheria

organisms, e.g. gravis or mitis, virulent or avirulent, may predominate
and at times may be the only type present in some communities but not in

others., This phencmenon may be localized or general and conclusions in

regard to prevalence or rateés aré not valid beyond the confines of a county

or state,
Frobisher (1940) suggests that the study of the type of C. diphtheriae

found in carrier surveys and the number of positive cultures obtained
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might be useful guides in diphtheria control by indicating the trends
and changes.

Types of media used fer the cultivation
and isolation of C. diphtheriae

Although Loeffler's blood serum medium has been fhe standard used for
the isolation of C. d}gﬁ&éggiag since‘it was first introduced in 188lL; it
has been responsible for nany efrors in the diagnosis of diphtheria.

These mistakes have been cansed by the scarcity of growth of C. diphtheriae
and the overgrox_n;th of other erganisms'of the nose and throat., Medalia

et al. (1931) described a modification of Loeffler's medium that made it
more selective., This Wae done by adding“N/l NaOH to give a pH of 7.6 to
the.final mixture. However, becamse of its opacity it is difficult to
meaeure“the pH of thds.medium.without using a pH meter. Laypourn (1935)
ﬁropesed a method by which the pH could be determined By using a very
small amount of the water of hydfation'of a culbure,

In a paper published in the Chinese Medical Journal in 1932, Pai de=-
scribed an egg medium for the cultivation and isolation of C° diphtheriae°
McGulgan and Frobisher (1936) found that thls medium produced C. diph~
therlae morphologlcally and tox1gen1cally 51m11ar to those cyltlvated on
Loeffler s, and in addition was easier to prepareo

, Tinsdale'(l§h7) haé formulaﬁed a medium which uses the Production of
hydregen sulfide as a differentiating characteristic. Diffeyent organisms
produce definite types of colpnies and certain organisms form characteristic

haloes., The medium has the advantage of giving definite resylts in a
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' comparatively short period of time, Onlthe other hand, the coﬁposition of
thi; medium is very detailed'and‘complidated énd its keeping ‘qualities are
poor, . ‘

The use of potassium tell@iite as a means of inhibiting the growth of
other organisms and for differentiébion in the cﬁlturing and isolation of
g,‘gighthefiée has beén widely investigated and used with varying degrees
" of success° it was first used by Conrade and Troch in 1912° It had been
dlscovered as early as 1885 that some members of the plant klngdom, among
them the "1nfusbr1a", could reduce the tellurltes in small anounts to
metallie telluripm without its becomipg toxic to them. About 1900 Klett
and-others found that some.bacteria weré‘colored by the reduced metal, In
.klett's study,‘ﬁsing numerous molds and bacteria, it was faind that some
organismé could tolerate tpe telluriteS'much'better than others. It was
also noticed that some nganismS'wéré not affected at all b& concenfrations

that would completély inhibit other organisms, Bacillus diphthériae'

(C. dlphtherlae)was mentioned as one of the’ organisms used in ‘this study
that was able to tolerate the tellurltes and was colared by them.
Joachimugle and leose in studies to determine the concentratvion of telluu=
rites toleraped by C. diphtheriae found, for example,'tha,’o,g° dlphtherlae .
could tolerate a solution containing lL,000 times as much of the metal as

could Salmonella typhosa (Gilbert and Humphreys, 1926),

Many wofkérs have experimented with media containing potassium tellu-
rite. Among them are McGuigan. and Frobisher (1936), Hall (1939), Levin

(1943), and Kellogg and Wende (1946). A comparative study of the tellurite
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plating media was carried out’ by Frobisher, Parsons, Yeates, and Gay (1948)
using Frobisher's own cystine-tellurite medium (1937) as a basis for com-
parison, 51nce he had used it for many years and knew its propertles., The
results of this stud;y' showed that the -tellurite medium of Kelloegg and Wende
(1946) gave as hlgh or .hlgher percentage of positives. Kellogg and Wende
'(19146)- also claimed a very high ﬁercent of positives with it, having check-
ed it carefull;v ehd, findihé thett it seidom failed to demonstrate C. diph-
theriee if presentl. Hall, whhée medium differs very little from that of
Kellogg and Wende, lists the advantages of her medium as the ability to

1nh1b1t organsims such as micrococci, streptococc:., Nelsserla catarrhalis,

pneumococci, etc.s while the C. diphtheriae grows with typical colonies
rahging from gr ayish-white to black in color. She also claims that the
_plates can be prepared -and kept fof two or three weeks in the refrigerator.
This is a decided’advantage as most of ‘the tellurite media must be prepared
only a day or so before their use. | .
~ Virulence testing of C. diphtheriae

There has been some doubt as to whether animal inoculations reveal
g1l the pathogenic potentlalltles of G, diphtheriae manlfested in human
beings. Frobisher et &l (9y7) found that nontox:.gem.c strains will produce
partial or complete protectlon against virulent organisms in rabbits, and
also that. the so-called avirulent dlphtherla organlsms contain endotoxins.
He further states that numeY ous Cases of clinically typical dlphtherla
have been encountered in which the etiological agent has proved to be only

strains of GC. diphtheriae nontoxigenic to “guinea pigs. This is particularly
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true with the minimus é’orains of the organism, as the se tend to produce
only faint intradermal ,reactions.i'p rabbits 'lwhen their virulence is test-
ed by st_anclard procedures (Frobisher et i]_‘.., 1951},

‘ Guinea pigs are frequently employed ;i‘o’r testing the 'virulen‘c,e of
C. diphtheriae. Two animals are usue;lly used, the first beiné inoculated
subcutaneously with a sus_pension‘ of the organism to be tested. The second
serves 'a,s a contrc;l and is given diphtheria antito;an plus the same amount
of bacterial suspension in the same manner. If the ;Drganisms are virulent,
the test animal will die in three to ‘fivg days, b:ut the control animal
will survive.

Schaub and Foley (1947 describe'a method employing only one guinea
pig which serves both as testing animal snd coﬁtrol. ‘This has the advan=-
tages oflbeing more economical and eliminating the variation in sensitivity
of individual animals. A heavy:suspensi.oﬁ of the culture is inoculated
intradema/.liy in the shaven’ éide of the gﬁinea_ ﬁig. rAt‘ a later specified
time an intr':aperitoneal.injecti'on of diphtheria antitoxin is givei;, A
‘ghort time later the cher side of the ébdomen is :'Lnjectéd with the same
" amount of the culture pre\,riously us_ed; A reaction occﬁrring on ‘the -side
inoculated first, .b'uht nc;t on the oppés:j.te_ s;i_de is considered. positive,:
and denotes a virulent stra}in of _q diphtherig.e. A reaction on neither
side signifies a mnontoxigenic sforain. A reaction on bpth sides is said to
be due to some other factor than diph}t‘he.r"i'a toxin. Another important
advantage of this method is that several -cultures can be tested on thé

same animal, depending upon its size.

Ll

o,

|
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Frobisher e_tgl_. (L942) describes a method in which he used seven to twenty
day old shicks. He felt that these could be recommended as a substitute
for rabbits or guinea pigs in testing the vimlaqce of Cs diphtherliae s
espesia]_'l.y when conducting a smdal 1 number sf tests, if rodénts were not
readily available, |

Although the need for an in m method for testing C. diphtheriae
for virulence has llong been recognized, it was not until recently that
such a test has been described. (King, Frobisher. and Parsons, 1949). The
principle of the test is based on the tbxin—z‘a’n‘titoﬁn flocculation as de-
vised by Nicolle in 1920. The test as devised by Elek in 1948 consists of
the prei:)aration of an agar base which must be clear and which must .cor;ft ain
0;3 gram of maltose and. 0,07 ml -of lactic acid per 100 ml, To this melted,
coolsd‘ base is added 20 pei'cent of normal horse serum., The mixtwre is
then poured into petri dishes. A sterile filter p_agpsr" strip is dipped in
diphtheria antitoxin containing __.10_0 umfos per m], draiped, snd.placed in the

center of the dish where it is allowed.to sink into the warm agar. -After

solidification, the plates are dried in the incubator and iriocu]_-.ated on- the

same day. Four organisms may be tested on each 'piate; -'A' know£ virulent
strain should be included, A white liné developing at &n angle on each
side of the inoculum near the fi'lt‘,er strip denotes a 'l;oxigenic‘égen-t;
Klng, et al.(l9h9) noted the sources of error in this 1n vitro test
and outlined methods by whlch these errors could be minimized. The most
important factor necessary to assure correct results, besides the correct .
adjustment of the pH, the amount of antltom_n, and others as obvious, is

the colleg:"cion and prepa;f-ation of the serun used in the agar base. . Many

I RREL N G
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The reaction in minimus strains is inhibited-bynseruﬁ only faintly colored
by the lysis of the'erythrc;cytes, Other strains are nof S0 readily.
gffected by t@is. It h@s also been found thaﬁ soﬁe unknown substancé or
condition which interferes with the ig-z}&gg %irulence test appears in the
serum when it remain; in contact With the clot for a day or longer.

Using tﬁis method, King et g}.(l9h9) ran a long series of tests_
emplo&ing virulent‘and avirulént cultures of C. diphtheriae in comparisdn
with animal inoculqtions,' Complete aéreement mﬁth the in vitro and animal
inoculations was obtained in 290 cases, of which 123 were avirulent and
167 were virulent.

A positive reaction with the 35'23329 test‘seems to be an entirely
réliable indicatioﬁ of viiulence of diﬁhﬁhe#ia organisms. However, a
negative reactién can be falsely obtaiﬁed unless ﬁhe conditions for that
strain are provided. They suggestttﬁat all negative reactions_be checked
by animal inocu.]atié)ns° Théy also concluded that the test needed further
study. | | |

However, in a more recent paper these same investigabors, after

further study of this method, recommend it to be "wholly reliable, simple,

rapid, and inexpensive, if properly and carefully performed". They mention

oth§r difficultieé and sources of error. -For example, certain commercial
antitoxins are unsahisfacﬁory-fqr this use, although perfectly capable of
functioning as proéhylactic-and fherapeutic agents. Once agaip they
stress the care fhat muét be taken in prepmring the serum used as nutri—.‘

ment enrichment of the agar when testing strains of the minimus type.
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- They suggest using as a control a known positively reactlng straln of

minimus when plating unknown minimus strains (Frobisher et al, 1951)

METHODS AND MATEREALS
| Preparatioh
Before the aotuai survey on the students for the determination of
diphtheria carriers was begun, known virulent and avirulent cultures of

Corynebacterlum dlphtherlae were obtained from Froblsher and from

ualbralth that 1ncluded stralns of the gravis, mitis, 1ntermed1us, and

Lmlnlmus-types. These were used to become famlllar with the morphology,
staining reections, and cultural charactefistics of the organisms.

The gram stain was employed only to be certain that all of the or-
-ganisms were gram positiue° A1l morphological studies were made ou slides
stained witu methylene blue. Loefflef}s.alkaline'meth§1ene Llue and a
methylene blue stain made without the addition of the alkali gave similar:
staining results. Since the latber was simpler to prepare, it was used
through the remalnder of the study. |

A comparlson of the morphology of C. dlphtherlae on Pal s‘egg medium |
and Loeffler's serum med;um'was made. The granules and barring of the
organisms uere better demonstrated on Pai's mediuin alﬂnough the Loeffler's
medlum produced a more luxurlant growth . Therefore, it'was decided to
inoculate half of the throat cultures obtalned durlng the survey onto
Pai'fs medium and the'other half onto Loeffler's medium in order to obtain

information concerning the usefulness of the former as a substitute in

routine throat cultures of suspected. cases of diphtheria.
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The Loeffler!'s medium.psed throughout this study was prépared from
Bacto-Loeffler blood sgrum;

Pails medium‘ﬁas prepared according t¢ the fomula givén by McGuigan
and Frobisher (1936).

Both the Loeffler's'ana Paits ﬁedia'were coagulated and sterilized as
'follows: |

~a, The baskets were wrapped in absorbent cotton anq‘slanted by lean;ng

on a wooden support in the center of‘the autoclave chamber.

b, All the exhaust valves were Hghtly éloéed and'the steam was admit-
ted at a fairly slow but even rate. ‘ |

C. At thg end of.90 minutes, the stegm valve.was closed, and thé pres—
sure allowed to go down without oéening theﬂexhau;t valveé;

"d. After the pressure reached zero, the exhaust valyés were opered

for a few minutes before the stéfilizer door was opened;
Smooth slants free of gas bﬁbbles were obtained. ‘These were‘stored/at
5 C until used. | |

Kellogg and Wende's tellurite medium was used for the isolation and
identification of the bfganisms obtained on the Pai's and Loeffler's media,.
Human blood was substituted for the recommended rabbit blood. This medium

. | :
was not stored for more than é déy,ar two before use.
Survey
The survey was carried out as suggestéd by Frobisher (1942 and 1949).
Throat cultures wére made from 200 apparently héalthy'students,'loo

men and 100 women, during the Montana State College Freshman Weel,
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Septem'oer, 1949. One hundred of.these, selected at random, were cultured
on Pai's medium and one hundred on Loeffler's nedium, . Tkie tiistribution
of sexes cultured on each medium was about equal. After 2ly hours!
incubation at 35 C the cultures were transferred tothe tellurite .plates

previously prepared and again incubated at 35 C.

{

At the end of )48 hours the plates Were observed for colonies. -No ’
growth appeared from 78 of the transfers. From the 122 plates on which
growth appeared, representative colonies were picked and transferred "to'.

Loeffler or Pai slants., Smears were made from these slants at the end of

2l hours and stained by Gram's method. All cultures showing gram positive

rods in the typical pdlisade and chinese letter formation were saved for
purification and identific ation.

During the winter guarter of 1950 the throats of all students coming
+o the Health Service with severe sore throats were swabbed and subsequent-

1y handled in the same manner as the first 200 cultures. .Thus, 35 other

student s were f;includecl in the survey.
Purification

A great deal of difficulty was encountered in purlfying the mixed
. cultures. The contarninating organisms were micrococei, except for two
cultures which were oontaminate"d“ with streptococci., The micrococci grew
well on the teliurite medium, producing colonies which were more shiny and
mucoid in appearance than those of C. diphtheriae. The streptococci‘grew
very poorly on the tellurite medium, producing at_best a.very small gray

colony that was difficult to see. For the most part, they Just remained

M)
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dormant but 'viable, and ready to grow if the proper ehvironment was agaiﬁ
presented. The tellurite inhibited the dii)htherialike organisms to the
extent that a very heavy inoculation was necessary to obtain growth. This,
then, rﬁade it difficult 1';0 find isolateq colonies, .Even though a colony
did appear to consist of only one species, upon transfer to Loeffler's
medium, or especially to a liquid medium, it was’ ofteﬁ found to be impure,

After much experimentation_ it was found that a "chocolate" medium
made according to the formula for the tellurite but, without the potassium
tellurite, made a better substrate for isolation. This medium gave good
growth of 'all of the orgaisms, permitting the us‘e of a ‘smallw'er inoculum.
The diphtherialike bacteria produc_:ed .smaJl ’wanspa'rent‘to grayish colonies,
the micrococ'c':i formed large white coloniés, and the colonies of the strep-
‘tococ‘ci were  surrounded by definite yellow zones, |

After streaking the cultures and picking isolated colonies on several
occasions, 13 cultures were finallj obtained in a pure state. Thes; were
maintained on Losffler's or Pai's media and stpréd at 5 C,

Cultural studies-

The morphology of t he organisms was ascertained by studying slides
made from 2h—hogr cultures on Loeffler's or Pai 's ‘rhedia and’ stained with
methylene blue. ‘Megsurenents were made employing a previously calibrated
ocular mj‘..\crometer., Motility waslchecked by the hangihg drop method, using
a 2i~hour b;c'oth culture. | |

A11 physiological tests were run in duplicate and if ady doubt arose-

as to their agreement, further checks were made. _Sevefal. dif ferent -types--

of broth were tried, in an effort to find ofie that would give a sufficiently
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good growth for the physiglogical tests., Difco'!s veal infuéion medium
containing 0.1 percent agar was found to support the best growth This
medlum was also used for making the agar plates and slants by increasing
the agar to 1.5 percent.

The tests for nitrate reduction and indol produétion'were made on the
: séne tube of veal infusion medium to waich had been added'enough tnypténe
(Bacto) and botassiuﬁ ﬁitrate to give a 0.1 percent concentration of each.

The organisms were testéd for their ability to férment glucose,
galactose, fructose, sucrose, mélbose, lactose, dextrin, mannitol, and
glycerol, A1l these substrates were sterilized by filﬁering through a
sterile fritted glass fil£er, and a sufficient'qugntity of the sterile
solutibn.added to the basal medium to give a final cancéntration'of one
percent. Brom cresol purplé was used as an indicator. Every possible
precaut ion was taken to prevent conﬁamination and all tubes Wefe incubated
for 2l hours at 35 C before being_exmﬁned and stored ab § C until used.
Less than one percent of these tubes of media was discarded because of
contaminatioﬁ,

Gelatin liquefaction was-determined in -veal infusion mediuﬁ to which
had been added 12 percent gelatin. Stab inoculétions were &ade and the
'cultures incubated at 35 C for at least two weeks,

Gatalése prodﬁctibn was demonstrated by'adding a few drops of three
percgnt commgrcial hydrogen peroxide to colonies on an agar plate.

Cultures in the veal infusion hroth were gﬁudied in 2 and 48 hours
for type of growth, pellicle formétibn, sediment and area of heaviest

growth,
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Colonies on some of the plates and slams could not be observed
without a lx hand lens.
The medium for determining hydrolysis of urea was made by adding

asepticdlly 10 ml of a concent.fated urea solution (Difeco) to a solution

"consieting of 90 ml of water and 1.5 percent agar. This medium was then

poured into sterile tubes and slanted before solidification took place.
These slants were streaked with a heavy inoculum, incubated and wabched
for the development of a pink color that denoted urea hydrql;vsis.
Virulence -
Virulence of the organisms 1solated and purified was determlned by
intracutaneous skln tests on guinea pigs as descrlbed by Schaub and Foley

(947). A heavy- suspens:.on of the organlsms in physiological sallne was

‘made by washing the growth from a 2li-hour cul’oure on I.oeffler's slants,

One-tenth milliliter of 'bhlS sus pension was 1n3ected int racutaneously into

the shaven side of the abdomen of a. guinea pig. By staggering the sites
of the injections, seven cultur_es were injected into one side of a large
guinea pig. -Af’oer inoctilation, the remaining suspeneions were placed in
the refrlgerator. Five hours later the animal was given 100 units of
diphtheria antltox:n.n 1ntraper1toneally, care be:Lng taken not to puncture
the intestines. Thirty ‘minutes later another O 1 ml of the suspens:Lon
was injected 1ntracutaneo.151y 1nto the opposite shaven side of the gu:l.nea
pig's abdomen. . Precaution was taken to be sure that each orgam.sm was
injecil',ed exactly opposite the first injection. This second injection )
served as a control. A chart of the sites of the injections was made so

that there cauld be no mistake as to the position of each organism.

| I S U T / A 2
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A record was made 'of. the reections of eaoh at éh, 48, and 72 hour intervals.
Erythema, edema, and necrosis at the ‘site of the test 1n,jectlon and the
absence of such a reaction on the control side me a.nt a pos:_‘olve skin test,
and :Lndlcated the productlon of tox:l.n by the orgam.sm in question. Known
virulent and av:.rulerrt stralns were also tested so as to check the -

technique.

EXPERIMENTAL RESUIT' S
Number of cultures obtained
From .the 200 cultures taken from seeminély healthy stud'ents cluring
Freshman Weekt , 122 werevfound to give ‘plack colonies on the tellurite
medium, .Al’ohough many of theni were much ’c}oo shiny‘ and mucoid_ in apip..earance

to be Corynebacterlum dlphtherlae s Loeffler and Pai slanbs were inoculated

' w1th repreSentatlve colon:.es from alll plates, After 2l hours each culture
was examined by gram sta.l}'l:l.,ng;° Most of them were found to consist of
micrococcl and were dj.scarded, Some of the cultures were a mixbure of
gram posn.tlve rods - and other organisms, prlnc:l.pelly mJ.crococc:n.° A few
.appeared to be seem:l.ngl'y pure culbures of gram pos:.’olve rods,

No cultures contalnlng gram positive rods were obtalned from the
35 studehts report:l.ng to ‘bhe Health Serv:Lce w1th .sore throa’os during the
winter and sprlng quarters of 1950° A very rapldly grow1ng streptococcus
generally predomlnated, Unsuccessful attemp’os were made to obtain gram
pos:.tlve rods by transferr:l.ng ‘ohroat cultures :Lnoculated on Loeffler
slarrts, to the tellurlte plates after an 1ncuba‘c;.1.on per:Lod of 1l to 18

hours as well es a‘b the end of 2k hours,,_...-Slnce no diphtherialike organisms.
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weré .obtained from these 35 students, the cgltliriﬁg of pathological throats
was discontinued.
' Compérison of the Pai's and Loéffler's media

A record was kept as to the medium on which the original throat cul-
tures were :'i.nqculated. 0f the 13 .strains obtaineéd in pure culture, eight
werel'originally placed on Pai's rﬁediwn ard five on i-oeffler's medivm. How=-
ever, it was noted that of the five cultqres which were isolated from the
tellurite a.g>a'r plates in an apparently pure state, four were originally
cultured on Loeffler slants and only one on a Pali slant.

. Grouping of the organisms | i

A11 of the 13 organisms obtained had several morphological and
physiological characters in common. They were all gram positive rods show- -
ing chinese letter and pali_sade‘grouping,' they all produced catalase, bﬁt
failed to form i:ndol from txyptophané, or to liquefy gelatin. With but
oné exception, culture 113, all guinea pig tests for ;coxin productién
were negative., | |

By placing together those which resembled one’ another invA the other
morpho_logicétl and physiological characters for which they were tested,
four groups were.established. ‘ Group four, or the last group, consists of
three miscellaneous organisms 'Whj.ch do not show the simil;lrity that 'is'
found in the other groups. The 'morphological'characteristics of the
orgaisms in these groups are listed in table II and the physj;ological in

table TIXI.




Table IT

Size
Group Culture (microns) Cellular appearance
1 101, 102, 1.2-3.8 x Distinct barring, oc-
103, 10L, 0.6=1,2 casional club shapes,
111 some polar bodies.
2 © 107, 109, 1.2-3.6 x Barring and polar
110 O.li=1,2 bodies prevalent, mo-
derate number of club
shaped cells,
3 108, 114  0.6=1,7.x Very small rod, Varia-
: 0,206  bility of staining.
( 105 1.,2-2 x Some barring.
( 0.6-1.2
(
(
( ‘ ,
L (112 1,2-1,9 x Polar bodies but mno
( 0.4~0.7 barring.
(
( :
(113 1.2-3, Some barring.

Colonies
Minute, translu-
cent, shiny, con-
vex and smooth,

1-2 mm, white,
opaque and shiny,
soluble brown
pigment produced
after 2 hours.

1-2 mm, smooth,
shiny, convex and
opaque.

1-2 mm, smooth,
shiny, opaque,
orange-pink pig-
ment,

1-2 mm, white;'
opaque, dry and
granular,

1-2 mm, white,
shiny, smooth,
convex,

Morphological characteristics of diphtherialike organisms isolated from student throats

Broth

Uridform turbi-
dity upper
half inch of

“culture,

Pellicle formed.
Turbidity; upper
half inch,
slight sediment.

Uniform turbi-
dity upper
half inch,

Uniform turbi-
dity upper half
inch, pink
sediment,

Granular turbi-
dity upper half
inch, :

Uniform turbi-
dity upper
half inCh °

g~ i T15




Table IIT
Physiological characteristics of diphtherialike organisms isolated from stﬁdenﬁ throats

Cul- Glu~ .Fruc- Galac- Mal- Suc- Tac- Dex- Gly- Manni- Ur- NO3 re-

Group tpre cose tose  tose the rése tose trin . cerol tol ease duction .
(101 £ # - - # - - - - - P
(102 4 ~ - A £ - # - £ - £

1 s 4 A - - - /
(10h £ LA A A - A - #
(1 - - # - - - - - - A

07 4 # # - - - - - - - .
2 (109 4 # - - AL = - - - - £
110 4 A F - # - - - - -

;¢ 108 £ y; - - - - - - - - -

(1, 4 £ # # £ £ £ - - - -
105 - - - - - - A
L (112 4 - - - - - - - £ -

]
'._J

W

N

1

N~

|

1
[ N |
1

8

]

|
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Classification of groups
Agcompardson of the morphological and physioloéical charedteristics
of the.organisms isolated wdtu those of C. diphtheriae as given in

BBrgey's Manual of Determinative Bacteriologz (Breed et al, 1948) is

presented in table IV. a

The morphologicel and physiological characteristics of the organisms
obtained from Frobisher and from Galbrai$EZWere alsoldetermined. A1l
were gram positive rods with frequent angular and palisade formations.
leew1se, all produced,catalase and reduced nitrates to nitrites. None,
however, produced indol from tryptophane or liquefied gelatin.. The other -
characteristics determined are presented in tables V and VI. .

Tt will be noted in table IV that Group 1 and Group 2 present a
picture very similar to that of C. diphtheriae as described in Berg ey's
_Eggugl Group 2 organisms were separated from Group l only on the ba81s

'of the productlon of the brown soluble pigment in Solld media. This
ablllty is not mentioned in comection with any of the corynebacterla and
seems to place these three organlsms in a group apart. Group 3 differs
from C. dlphtherlae in that nltrates are not reduced to nltrltes, The
mlscellaneous organlsms in Group by show slight variations in nitrate

reduction, urea hydroly81s, and sugar fermentation., Culture 105 rather

closely resembles Corynebacterium pseudodiphtheriticum excepp that it .
prodices a very decidedly orange-pink pigment instead of being "grayish to

.cream-colored™ as described in Bergey's Manual .

It is 1nterest1ng'bo note that the organlsms of Group 1 very closely

resemble two strains of C dlphtherlae type mlnlmuq obtalned from




Character

Shape
Size (microns)
Appearance

Group forma-
tion °

C. diphtheriaes
Rods, sometimes
clubs,

1.0-8.0 x 0,3=0,8

Barring, metachr o~
matic granules,

Angular and pali-

Gram reaction
0o requirement
Motility
Catalase
Gelatin lique;
faction
Indol
Nitrate reduction
Urea
Sugar fermentation
Glucose
Fructose
Galactose
Maltose
Sucrose
Dextrin
Glycerol

sade. ,
A

Aerobic,

#

/
/

Variable.
Variable.
Variable.
Variable.
Variable.

#According to Bergey's Manual

Table IV

Morphological and physiological characters of organisms isolated from throats of
students compared with C. diphtheria as described in Bergey's Manual

gioup 1

"Rods, few

clubbed,

©1,2-3.8 x

Ogs—loz

Barring, a
few polar

bodies,

Same.,

4

" Aerobic,

#

/

/

7
Variable.
Variable.
Variable.

Variable.

Group 2 Group_é'nj‘
Rods, Small rods,
102‘“306 X 006—197 X
Ooliml,2 0.2-0,6

Barring and Unevenly
metachroma- staining.
tic granules.

Sarnie. Same.,

£

Aerobic.

;.,

#

/
/

Variable.

Variable.

/

Aerobic,

/

/
Y

~ Variable.
Variable.

Variable.
Variable.

Group L
Rods, '

1.2-3,0 x
Ooli=102

" Bar-

Same,

VAR,
Aerobic,

VAR

I N |

1
S N

Gran- Bar-
ring ules ring

RN

..,.-[ g...




Morphological characteristics of C. diphtheriae cultures

Culture 8Size (microns)

Table V

from Frobisher (F) and from Galbraith (G)

Cellular appearance

F1 1,0-2.k4 x 0.4=0,6

P2
r 3
F L
F5
P 6
P 7
F8
F9
a1l
G2
G3
GL
G5

0,622
1.2-3,0

1.8-3.6

- Ool=1.8

009-2oh
0,6-3,8
066=l2

N 100"’20&

0.6-1.8
1,2-1.8
O.h—l,B

ooh-l.u
0.5-102

X

X

X

X

X

X

X

X

Ooli=0.6
0oLi=0,5
065-0,6
0oli=0,6
0o4=0,7
0.3-0,9
005-1,0
04li=0.6
o;h-o.S
0.4-0.7
0:1-0.8
0:3-0.5
043-0.5

Tittle variation in staining,

few granules,

Uniform staining, occasional
granule,

Occa51onal barred rod, meta-
chromatic granules,

Occasional barred rod, meta-
chromatic granules,

Uniformly staining rod, club
forms present.

Variation in staining, occa-"

sional clubbed form,

Barred rods, club forms pre-
sent,

Colonies
White, opaque,
smooth, shiny,
convex,

it

White, opaque, rough,

irregular, dull,

obtained

Broth
Turbidity upper %
inch, slight pel=

-licle formation,

n

White, opaque, smooth i

shlny, CoNnveXe
. it

Minute, translucent,
smooth, shiny,

Barred rods, club forms present, t

Barred rods, metachromatic
granules,

Barred rods, occasional meta-
-chromatic granules, '

Barred rods and metachromatic
granules,

Uniformly staining rods of
varying sizes, :

Barred rods, occasional club
shape.

Uniformly staining rods, occa-

sional club shape.

White, opaque,
smooth, shiny;
convexo

Minute, translucent,
shiny, convex. -
i .

1

Uniform turbidity

upper % inch,
oo

Turbid upper %

inch, slight pel-

licle formation,

Unif orm turbldlty
upper % inch,-

T

i r N\ TTn




Culture

Glu-
cose

Table VI

Physiological characteristics of C. diphtheriae cultures
" obtained from Frobisher (F) and from .Galbraith (G)°

cerol” Urease

F1

F2

r=) g
=

= i

4

|

G.3
aL

65

i

VU O

U A

Fruc= Galac- Suc- Lac- Mal- Dex- Manni- Gly-
tose tose rose tose tose trin tol
£ Loo- - / £ - /

Ao
# - A - Ao -
# #
#

RN RN TN TN TN
I
i
i
i
|

S
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e
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Table VII

Comparison of Group 1 organisms isolated from
students! throats with C. diphtheriae type-
. minimus furnished by Frobisher

Size: (microns) -
Appearance on

stained smear

Colony characteristics
a., Agar slant

b, Agar plate
Cc. Blood agar plates

de Loéffler slants

Growth in. broth

Urea'

Nitrate reduction
‘Indol production
Qatalase

Gelatin

Known Minimus

0:6=3.8 x 0.3-1.0

Barred forms, club
shapes, few polar

) bodies,

Transparent, beaded,
dull,

Minute, smooth, convex,
shiny, transiducent,

Gray, minute, smooth,
shiny, translucent,

Smdl 1, colorless.

Uniform turbidity upper
. % inch,

No hydrolysis,

#

7é

No ligquefaction.

Group 1 Organisms

T02=3.8 x 0,5=1,2

Barred forms, club
shapes, few granules,
and polar bodies,.

Transparent, beaded,
dull,

Minute, smooth, convex,

.shiny, translucent,

Gray, minute, smooth;
shiny, translucent. .

Sméll, colorless,

Uniform turbidity upper
L inch,

No hydrolysis.
£

/

No 1iQuefaction.




=35~
Frobishei:‘ and studied simultaneously. This similarity is shown in
table VII, | |
Resuits of Schick tests

The Schick reaction of the étﬁdents from whom these 13 cultures were
isolated were all found to be negativ:e R hence no follaw-up wqu' was done.
It had originally been planmned that throat cﬁltures would again be studied
from those th showgd positive reactions to see ‘if the same type of organ-
isms could be réisolatekd from the throat after immunization.

_Bacteriai growth on the tellurite medium used

As ‘was stated ee_xrlier, the most frequently encountered orgaﬁism on the
tellurite medium used, was a gram positije micrococcus growmg apiJaIteI.l'tl;v
uninhibited, "The colonies were very shiny, smooth, and convex. When |
touched w:i:th the inoculjating needle, the growth V\}és found to be ra’ohgr
sticky' and mucoid, _

Streptococei, if they grew at all, produced a very 'small transparént
colony. These were difficult to see and it was ‘easy to pick them up with .
the other colonies. However s conbtamination with streptococci presented a

préblem in only a few of the cultures. obtained.

- One plate showin'g.flat gray colonies proved when subcultured on another .

medium, to be an organism ‘with the characteristic ‘appearance' of_"ché yeasts,

This colony could not be confused with C. diphtheriae, but did grow well

enougfl and rapidly enough to overgrow the slower growing corynebacferia?
A small gram negative rod was encountered occasionally, but the )

colonial characteristics were not observed,
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G° diphtheriae produced very black, dull colonies on the tellurite
medlum If a platé were heavily inoculated with this organlsm, it grew
very well, but when fewer organisms were present and in a mixed culture,
- ﬁhey were often overgrown by the gram positive coccl. |

No organisms presenting fhe £ypical characteristics or appearance of

C. pseudodiphtheriticum as described in Bergey's Manual were obtained.
As these are lieted as being present in 26 out of L5 control eases, they
must have been either inhibited by the tellurite in the mediuﬁ or of a

colony size not visible,

DISCUSSION

Of the 200 cultures taken from the throats of apparently healthy
young adults on “the Mont ana State College campus, 13 cultures of diphtheria
or diphtherialike organisms were 1soleted. Five of these (Group 1) are
very similar to the C. diphtheriae type minimus foupd by other workers.
This is of interest because of the epidemlc of diphtheria that occured
in Utah in 1947 and 19h8, and in which 39 out of 73 of the diphtheria
cultures isolated, or 53.3 percent;‘were of the minimus type (Galbraith
ot al, 1948). Jenkins (19L8) states that the highest carrier rabe of
minimus found by him in Utah at that time was among college students° The
1n01dence of dlphtherla cases from'whlch minimus type organisms were
1solated wa.s also in this age group, being 60 percent. The carrier rate
of organisms resembling this type based on ﬂive out of the 13 obtained in
this studf at Montana Staﬁe College would be 38.5 percent. This seems'

very high, but when we take the percent that this remresents of the total
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cultures made, whlch was -200, it 1s really very small, being only 2,5 per=-
cent of the total. The total carrier rate with 13 p081t1ve cultures out
of the 200 is 6.5 percent. |

Of the other three groups, Group 2 differed from C. diphtheriaé only
in that these organisms produced a soluble Erown pigment in solid media.
This formation of water soluble, brown pigment by corynebacteria was not
described in any of thg literature reviewed. Hence, it is not possible to
attempt their classification. |

Group 3 resembles C. diphtheriae with_the exception that nitrates
were not rédgcedo Group L cohtains three organisms that differéd from
corynebacteria in a number of reactions (table IV).

A1l the cultures were obtained from Schick negatlve 1nd1v1duals, In
the Utah epidemic, Jenklns (1948) found that of the cases of diphtheria
caused by the minimus type strains of C. diphtheriae, 58.33 percent were
persons Qho had been imﬁunizgd, while only 37.03 percent of all other
cases reported had béen immunizeda |

| )The fact that our gﬁinea pig inoculations were negaﬁive is not of
much significance since GalBraith et 3}.(19&8)-found this minimus type
diphtheria organism to be relatively avirulént to guinea pigs, even théugh
some of the(strains were isolated from patients with severe diphtheria
infections. Frobigher'gz 2l.(1951) also reports the minimus type organisms
to be only slightly virulent to rabbits when fested by standard ihtra-
dermal procedures, | |

. Itvwas.hoped that some information would be obtained as to the merits

of Pai's egg medium for .use in routine throat cultures. While the number
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of cultures taken was not large enough to prove the superiority of either
medium for the isolation of C. diphtheriae, fai's medium did prové to have
advantages. At least, as many diphtherialike organisﬁs were obtained on |
the Pal slants as on thé Loeffler slants. The ease of preparation of Pails
medium and the excel}ent demonstration of the.typical cdrynebacterium
morpholoéy, éucﬁ as barring, club shapes, and metaéhromatic granulés, are
factors in its favor. ther bacteria:seem to develop as rapialy as tﬁe
diphtherialike orggnisms, especially the micrococei., On Loeffler's
medium the corynebadteria'tend to oﬁtgrow the other £hroat Bacteria; S0
that in early cultures this oréanism'will predominate. This does not seem
to be true of the Pai médium,‘for of the five cultures sho&iﬁg pyedominateiy
diphtherialike'ofééniémé on the feilurite plates, four of them were trans-—
férred from Loeffler slants to the tellurite, and only one from a Pai
slant. | i

The reasons fér obtaining no diphtherialike’bacteria in the.thfoats
of the 35 students reporting to the Montana State College Heélth.Service
with severe sore throats, is not cléar. These cultures were all predomi- -
nantly streptococci. The infection seemed to bé severe in most cases. One
culture showed a good:growth.of fhese cocci in six hours. A series of
cultures from pathological.throaté.should be done during several different
seasons and over a period of jears before any conclusions in this matter
can be made.

The cultures obtained from Ffébisher and Galbraith showed a consider-

able amount of variation (tables V and VI), This might be expected for,
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as pointed out by Frobishér (1940), there is a variation in the cultures
obtained from different geogfaphicéL locations.- Consequently, no attempt
has been made at detailed camparative studies, |

On the tellurite medium used, the micrococeci grew very well, Strep;
tococel appeared but rarely and were then few-in number and difficult to
detect, On two occasions gram negative rods were obtained from the
tellurite plates. On this tellurite mééium the advantages are'not as -
apparent as some workers in thé field have indicated. The corynebacteria
are easily recognized, but the luxuriant growth of the micr@coéci might be

a disadvantag;e°

SUMMARY
- Throat cultures were obtained from 200 healthy college students at

Montana State College during FreshmanyWéek of 1949, in an effort to deter=
mine thé number hafboring’diphtheria’or aiphtherialike organisms. |
Loéffler's and Pai's media were compared for primary culturing by inoculat-
ing equal numbers of throat cultures on each medium. Teilurite medium and
"chocolate" agar were employed for isolation and purification. Thirteen
.pure cultures of diphtheria or diphtherialike organisms were isolated and
studieda -Five strains appearé& to be very similar to known cultures of

Corynebacterium diphtheriae type minimus, The other eight cultures differ-

ed in at least one character from any of the corynebacteria described in

Bergey's Manual,

A1l the students from whom these organisms were isolated gavé hegative

Schick reactions, hence no comparisons were made as to the change in carrier

status after immunization,
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Leeffler's apq Pai's media were found to be:qﬁite comparable,
Loeffler's being preferred for isolation and Pai's for morphologicél
studies. |

No diphtherialike organiéms wefé obtained from any of fhe 35 path=
ological throats from which cultures were made., Streptococci appeared to
be fhe predominating.crganism.‘

Morphological and physiological studies made on the ih‘cultﬁres of
G, diphtheriae obtained from Frobisher and from Galbrai%h, showed some
variation. This was also found to be true of the organisms isolated

during these studies.
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