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CHAPTER IIIL

Sterilization and Disinfection.

Bacreria are the most widely distributed of living things; they
teem in the dust of cities, in hospital wards, they are to be found in
countless numbers in the sgil, in the air we breathe, in common
articles of food, in water, and particularly in the dusty air of streets
and living rooms.

The air of high mountains and mid-ocean are generally practically
free from organisms, whereas city air may contain as many as
100,000 or more per cubic foot. They have recently been found in
glacier ice.

The organisms present in air are by no means all pathogenic,
but at the same time many pathogenic bacteria are frequently
present ; amongst them the pyogenie cocci are common. The source
of the organisms in the air is for the most part dust, and where dust
contains the dried expectoration of tuberculous persons the fuberele
bacillus is invariably present. During damp and wet weather the
number of organisms present diminishes considerably, the falling
rain freeing the air from suspended matter and bacteria, which are
carried away with the surface water in properly drained places, or
remain in the mud of pools to be wafted info the air as dust when
the water evaporates.

Bacteria of the air are, for the most part, simple saprophytes,
and although not disease-producers in the ordinary way are capable
of setting up profound changes in organic fluid exposed to their
advent, producing * disease” in such articles as milk, meat, &c.
Many of the spores of the higher fungi are air-borne as well as
yeasts and torula. A gelatin plate exposed to the air for a few
moments will generally develop a number of colonies when incubated.
I have already referred to the minute size of these micro-organisms,
and it is not difficult to understand that almost anything with which
we commonly have to deal in bacteriological work is contaminated
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Heat is applied in two forms: (1) Dry heat; (2) Moist heat.

(1) Sterilization by Hot Air.—The various pieces of apparatus
used in bacteriological work, such as flasks, test tubes, Petri dishes,
and the like, are sterilized by heating to 150° C. for three-quarters

Fig. 5.—CorrER Box AND BACK FOR STERILIZING PETRI DisHEs aND CAPSULES.

of an hour in a hot-air sterilizer; the flasks, &c., are first plugged
with cotton wool plugs, which so long as they remain dry prevent
the passage of bacteria. The hot-air sterilizer (fig. 4) consists of a
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STERILIZATION AND DISINFECTION 33

time, yet the vegetative forms are destroyed at relatively low
temperatures. Having this in mind Tyndall suggested the discon-
tinuous method of sterilization by streaming steam. The operation
is generally carried out in a Koch’s or other steam sterilizer.
Tyndall found that although the spores were not killed by twenty
minutes’ steaming the vegetative forms were, and therefore if twenty-
four hours were allowed to elapse after the first heating, any spores
present would germinate in the nutrient media, and be -easily
destroyed by a subsequent heating:. This is the method generally

Fic. 8.—KocH’s STEAM STERILIZER.

adopted. The media is placed in the test tubes which have already
been sterilized in the hot-air sterilizer and placed in the steamer
for twenty minutes on three successive days, after which the media
is ready for use.

The steam sterilizer (fig. 8) is simply a modified potato steamer
or double saucepan, with an asbestos jacket to minimise radiation.
The tubes should not be placed in the apparatus until steam is
given off, otherwise considerable condensation takes place,and for
the same reason should be removed as soon as sterilized.

3
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discontinuous method. Broth may be autoclaved, as may potato,
but all these media are best sterilized by streaming steam.

(4) Sterilization at Low Temperatures.—The vegetative forms of
most bacteria are easily destroyed at low temperatures (55°—60° C.).
Advantage is taken of this fact in sterilizing blood serum and other
fluids which coagulate at 75°—100° C. The serum collected under
aseptic precautions is kept at a temperature of 57°—58° C. for an
hour on five or six successive days. The temperature adopted does
not coagulate the serum, which may be used in the fluid condition
if desired, and more important still may be kept in sterile flasks of
convenient size for indefinite periods, care being taken to avoid
certain infection of the plugs with air-borne spores. Roux’s paper
caps may be advantageously used, or better still ‘ sterilized milk ™
bottles or rubber caps may be placed on the tubes.

Fig. 10.—KocH's Broop SERUM INSPISSATOR.

Bterilization of Instruments.—The various instruments used for
post-mortem examinations, injection syringes, &c., are sterilized
by boiling in water in a suitable copper vessel fitted with a per-
forated tray. A small quantity of carbonate of soda is added to the
water to prevent rusting. A quarter of an hour is generally con-
considered sufficient exposure to boiling water for all practical
purposes.

Dressings, bandages, and the like, may be sterilized in the auto-
clave, or by the hot air method; the former is preferable, dry air
being afterwards passed through the apparatus.
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50 THE MYCOLOGY OF THE MOUTH

Method : Place films in solution A for half an hour, wash well
in distilled water, and then in absolute aleohol. Transfer to solu-
tion B for twenty seconds, and then without washing place in solu-
tion C for ten seconds. The film is again placed in solution B till
it commences to turn black, and then washed, dried, and mounted.

McCrorie’s Flagella Stain.

Solutions : A, Saturated alechelic “ night-blue .. 1 part.
B. 10 per cent. solution potash alum .. 1 part.
C. 10 per cent. solution of tannin .. 1 part,

Method : Mix immediately before staining, place film in incubator
for half an hour. Wash, dry, and mount. The stain works best
about an hour after mixing.

Neisser's Stain for Diphtheria.

A, Methylene blue .. o o 5 L 1 gm,
Absolute alecohol s A BT P 20 ce.
Glacial acetic acid o ol B .. B0 e,
Distilled water .. : 1 e .. 980 cc.

Filter.

B. Bismarck Brruwn e = A e 2 gm.

Distilled water .. i et e .. 1,000 cc.
Filter.

Stain one minute in A, wash, and stain one minute in B.

Fig. 17.—BACILLUS TYPHI ABDOMINALIS FLAGELLA STAINED BY |
PirriELD’s PROCESS. |
x 1,000. :

From Washbourn and Goodall's Infections Diseases.
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60 THE MYCOLOGY OF THE MOUTH

the following method is adopted :—Flame, i.e., set fire to the cotton
wool plugs of the two tubes to burn off any dust (bacteria) which
may have fallen on to the stopper, then blow out the flame. Hold the
tubes fogether in the left hand between the thumb and first two
fingers, take up the platinum wire like a pencil and sterilize it in
the flame ; with the little finger of the right hand remove the cotton

& L}

=
F1G. 28, —PLATINO-IRIDIUM INOCULATING NEEDLES, LOOP ARD SPATULA.

wool plug from one of the two tubes, keeping them ineclined at an
angle to avoid spores, &e., dropping in; remove the second plug with
the third finger, holding the tw® plugs in the right hand (see fig. 24).
Flame the open mouths of the two tubes and then remove a small
portion of the culture from one tube and transfer it to the other,

Fig. 24.—METHOD OF INOCULATING ONE TUBE FROM ANOTHER (viewed from
above). Note the method of holding the cotton-wool plugs.

carefully avoiding touching the edge or sides of the tubes in the
process ; replace the plugs, flame the wire, and then the tube plugs
again, label and place the inoculated tubes in the incubator. Exaectly
the same procedure is adopted if the cultivation is made from any
material from which we wish to cultivate hacterm., when the
material is fluid the loop is used.
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64 THE MYCOLOGY OF THE MOUTH

So far T have only deseribed the cultivations of ierobie organisms,
the anierobic bacteria requiring special methods.

Glucose formate media are especially adapted to the growth of
anéerobes, but other media may be used.

The oxygen of the air must be excluded by one of the following
methods :—

(@) Buchner's Tubes (fig. 27).—A large boiling tube fitted with an
india-rubber cork is used, and a little pyrogallic acid placed in the

Fra. 27.—BucHsER's TUBE For ANAIEROBIC CULTIVATIONS, WITH
Curruvre Tugg IN SIiTU.

bottom ; some caustic soda solution is then added, the culture tube,
previously inoculated, gently dropped in and the rubber cork
replaced. This method is adapted for fluid or solid media.

(b) An agar or gelatin stab is made in a tube containing about
twice as much of the medium as is used for ordinary purposes, and
the top of the stab covered by pouring in a little agar or gelatin
which has been melted in another tube.

(¢) Hydrogen or other indifferent gas (p. 17) is used to drive out
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68 THE MYCOLOGY OF THE MOUTH

grown for four or five days, and at the end of this time some of the
contents are poured into a tube of thymol gelatin and a small piece
of thymol added. A control tube is filled with water and thymol
added. If any enzyme is present liquefaction takes place in the
tube containing the culture, the organisms being prevented from
developing by the thymol.

The enzyme may be isolated if desired by extracting with thymol
water, precipitating with absolute aleohol, and taking up precipi-
tate in thymol water again. Certain sugars which do not reduce
Fehling's solution are inverted by bacterial activity into reducing
sugars ; these are tested for with Fehling in the ordinary way.

Fic. 80,—FiLTERr Frask witH PasTEUR-CHAMBERLAND FILTER READY FOR
FivrerivG Toxine. The rubber tube is connected with an exhaust pump.

Alkali albumin in broth and ordinary nutrient broth are used to
obtain the toxins of certain bacteria, such as diphtheria. The
organisms are grown for seven days at 37° C., and then filtered off
by means of a porcelain filter candle (fig. 30); the filtrate con-
taining the toxins may be tested by injection into animals.

For the isolation and quantitative determination of the various
organic acids, &c., produced by bacteria from carbo-hydrates,
fractional distillation must be employed, details of which are given
in appendix.
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PATHOGENIC BACTERIA OF THE MOUTH 83

Fra. 32.—STREPTOCOCOUS PYOGEXES IN Broon. x 1,000,

Fia. 33.—STREPTOCOCCUS PYDGENES,

Twenty-four hours’ agar cultivation., Stained Gram. x 1,000. (From
Washbourn and Goodall's “ Infectious Diseases.”)
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The streptococel are among the most widely distributed of the
pathogenie cocel, and are as a general rule present in all the more
acute suppurative conditions found in man.

Varieties. — Formerly the streptocoecus of phlegmonous erysi-
pelas, and the S. pyogenes were considered different species, but
from a series of extended researches it is now generally admitted
that the two species are identical.

Fi1G. 34.—STREPTOCOCCUS PYOGENES.
z

Twenty-four hours’ agar cultivation. 3.

Petruschky placed this beyond doubt, by obtaining a virulent

streptococeus from a purulent peritonitis in a patient never having

suffered from erysipelas. He then inoculated the cultures into two

individuals suffering from cancer, who had never had erysipelas, and
produced a definite attack of erysipelas.

Linglesheim,! by a long series of carefully-conducted researches,

=

' Zeitsch. fiir. Hygiene, Bd. x., p. 331
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PATHOGENIC BACTERIA OF THE MOUTH 87

such an extent that 0-000001 cem. was the m.r.D. Many other
workers have confirmed these results. Widal and Besangon
found that a streptococcus which originally possessed no virulence
became pathogenic when inoculated with Bacillus coli communis,
and that subsequent cultures could be raised in virulence by
Marmorek's methods. These observers also found that the strepto-
cocel obtained from the mouth of a small-pox patient were non-
virulent, whereas those present in the blood exhibited a considerable
degree of pathogenic power.

Fiag. 35.—STREPTOCOCCUS PYOGENES.
From twenty-four hours’ broth cultivation, Stained Gram. x 1000.

(2) STREPTOCOCCUS OF THE MOUTH.
(Streptococcus brevis.)
Any one who has made cultivations from the mouth cannot but
have been struck with the frequency of streptococei in the cultures.
In all mouths, healthy or unhealthy, clean or dirty, I have never
failed to obtain the streptococcus. Not only is it present in the
mouth proper, buf if exists in the antrum of Highmore, in the
Eustachian tube, nose, and middle ear. In these situations ik
oceurs typically as diplococei massed around the dead squamous

1 Minimal lethal dose.



88 THE MYCOLOGY OF THE MOUTH

Fig. 36.—SrrEPTOCOCCUS BREVIS OF MoOUTH, MASSED ROUND EPITHELIAL
CeLL, sHOWING DIPLOCOCCAL FORM.
Stained Gram. x 1,000. (Washbourn and Goadby, Trans. Odont. Soc., 1896.)

2
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F1G. 37.—BSrTREPTOCOCCUS BREVIS.
Agar cultivation at twenty-four hours. Stained Gram. x 1,000
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PATHOGENIC BACTERIA OF THE MOUTH 105

Fig. 39.—DirHTHERIA DBACILLUS.

Twenty-four hours’ agar cultivation. Stained Gram. x 1000, (From
Washbourn and Goodall’s ** Infectious Diseases,™)

F1g. 40.—Bacirnus DIPHTHERILE,

Forty-eight hours’ blood serum cultivation. Stained Gram. * 1000.
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Fig. 41.—Baciprus DIFPHETHERIA.

Blood serum cultivation at thirty-six hours. (From Curtis’ ¢t Essentials
of Practical Bacteriology.™)
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114 THE MYCOLOGY OF THE MOUTH

Fis. 42— Bacinnus TUBERCULOSIS.

Pure cultivation on glycerine agar. Several months old. (From Curtis’
* Essentials of Practical Bacteriology.’)
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118 THE MYCOLOGY OF THE MOUTH

Fi1g. 43.—-Bacinrus FRIEDLAKDER.

Gelatin stab, showing nail growth and gas bubbles. (From Curtis’
- Essentials of Practical Bacteriology.")
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122 THE MYCOLOGY OF THE MOUTH

Gelatin Streak, 22° C.—A groove of liquefaction is produced in
forty-eight hours, the medium becoming gradually tinted green.

Gelatin Plates, 22° C.—Small whitish points appear, which under
the microscope are brownish-yellow with nodular surface, and sur-
rounded with a sphere of liquefaction in the deep layers. On the
surface the colonies are flat, edge entire, surface reticulated as
seen under the microseope, and surrounded with shallow cups of
liquefaction. A fine haze of greenish colour appears round each
colony, rapidly permeating the whole plate. By about the fifth day
the plate is entirely liquefied.

Frg. 44. Bacinous ProoyaNEUS.
Twenty-four hours’ agar cultivation. = 1000.

Agar Streak, 37-5° C.— In twenty-four hours a well-marked moist
white layer is formed, and slight tinting of the medium has occurred.
In forty-eight hours the colour is bright green due to fluorescin,
which is soluble and so diffuses through the medium. Later the
green colour changes to an olive green or reddish-brown from the
development of a second pigment, pyocyanin, which requires
the presence of peptone for its formation, and is insoluble. Upon
fresh agar cultures well marked erystals are seen along the line of
growth.
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Fic. 45.—STREPTOTHRIX AcCTINOMYCES CULTIVATIONS ON GLYCERINE AGAR.

A. Discrete rounded colonies, after about ten days' incubation at 37° C.
B. Limpet-shaped colonies three and a half months old. O. Lichen-like

appearance frequently seen ; the growth is three and a half months old. (From
Curtis' * Essentials of Practical Bacteriology.");






Teinile . 1 8 N -
ot s T= y } s -
3 e ol ]

s | : .
rhil [ = ; 3 -
= L | 11 =
3 1= o ¥










i T o5 NME T ] | . 310 7 1
_ L 4 3 sa s 3 3 - aTedbiErR T =
h LLLLY i | v [l & ! [ ] 1l O LLL
L X E ] . nl L LiN 1 H s
I F o 4 ST, T12 T : o




. :
18 w If . .
AU o - . : ;










DENTAL CARIES 135

and passing inwards to the dentine may be seen organisms well in
advance of the general process.

The acid produced by the bacteria, although in small quantities,
would eventually inhibit the growth of the organisms were it not
neutralised as soon as it is formed by union with the lime salts of
the enamel, each fresh increment of acid attacking a fresh portion of
tissue, the resulting products diffusing into the saliva.

Miller figures several examples of this bacterial layer attached to
the surface of enamel, and also shows the organisms permeating the

Fig, 46,—DEnTAL CARIES, BECTION 0F HNAMEL WITH LAYER OF ATTACHED
ORGANISMS AND FORMATION OF PIrs BETWEEN ExaumrL Robps,
Photomicrograph and specimen by Dr. Leon Williams. = 500.

enamel substratum. Miller also showed, by a series of admirably
conducted experiments, that the familiar appearance of caries is due
to the various acids evolved from the carbohydrate constituents of a
normal diet.

Leber and Roftenstein endeavoured to produce artificial caries
by placing normal teeth in a mixture composed of the various
constituents of a normal diet. They failed to produce caries
experimentally, and came to the conclusion that it was not the
result of bacterial activity. They admitted that their experimental
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144 THE MYCOLOGY OF THE MOUTH

quently than others, and we are therefore justified in adopting a
general grouping of the forms more commonly met with. Some of
these are members of well-known species, others have so far only
been described as occurring in the mouth.

The bacteria are more numerous upon the surface and super-
ficial layers of decaying dentine than in the deeper layers, while
enamel holds an intermediate position. Miller first pointed out,
and I have since confirmed his observations experimentally, that the
bacteria of tooth decay produce their effects in two ways; firstly,
by the production of acids which attack the lime salts of the tooth,
and secondly, by the development of proteolytic enzymes which

F16. 47.—DgxTAL CARIES AFFECTING DENTIRE UNDER ExaMeEL PIT; THE MINUTE
DARKLY-STAINED AREAS SHOW THE MASSES OF BACTERIA.

Photomicrograph and specimen by Dr. Leon Williams. x 250.

digest the matrix denuded of its lime salt, and as a general rule the
superficial layers contain a preponderance of the liquefying species,
the deep layers mostly acid-forming bacteria. We are therefore
able to divide the bacteria of dental caries into two main classes
corresponding to the predominant biological funetion: (a) acid
production ; (b) liquefaction.

In enamel decay the liquefying organisms are unable to funection
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unless they are at the same time producers of acid; in caries of
cement both liquefaction and acid destruction may take place
together.

Caries of Dentine.—The bacteria concerned in the process of
caries in dentine appear to be greatly influenced by their surround-
ings, inasmuch as those isolated from the deep layers are generally
capable of growing under aniierobic conditions—in fact grow better in
the absence of free oxygen—whereas the surface and superficial layers
are inhabited by organisms that prefer free oxygen. In making
eultivations from the deep layers considerable care must be exercised
to exclude contamination from the surface. The external surface of
a freshly extracted carious tooth should be well seared with a hot
iron and the superficial portion of decayed dentine cut away with a
sterile excavator or knife ; the surface is seared a second time and
a second slice of dentine removed with a sterile knife. The lower
layers can now be removed with another sterile instrument, ground
up in nutrient broth, and cultivations and coverslip preparations
made from the emulsion. The organisms obtained in cultures by
this method all appear to be rapid acid producers in the presence of
carbohydrate food. Arkovy has recently suggested that caries may
oceur in an alkaline medium, and suggests the introduction of a
third class of * alkali-producers.” 1 do not think there is much to
commend the adoption of such a division as it appears highly
improbable that any direct liquefaction of hard undecalcified dentine
ever oceurs through the agency of proteolytic enzymes of bacterial
origin. Arkévy’'s! theory is based on extremely slender evidence,
without controls and without any proof that acid reaction was
or was not present in the early stages of the process. In all
the experiments I have made no liquefaction of hard undecalcified
dentine was accomplished, although decalcified dentine was digested
by many bacteria obtained from carious dentine. That liquefied
gelatin is invariably strongly alkaline is a common fact of laboratory
knowledge, most organisms will not liquefy acid gelatin in contra-
distinction to the liquefaction or digestion brought about by most
~ ferments of animal origin, which require an acid medium. The .
. alkaline reaction of cultures is generally due to ammonia, which
~ has no appreciable action upon the tooth salt. The alkali-producers
- of Arkévy are really liquefying organisms, and there is certainly no

: | Vierteljahrschrift fir Zahmheilkunde, xiv., Heft 3,
0













e

DENTAL CARIES

149

Fig. 48.—STREPTOCOCCUS BREVIS,

Agar cultivation at twenty-four hours.

Stained Gramn.

% 1,000,

Fig. 49.—STREPTOCOCCUS BREVIS.

Twenty-four hours' broth cultivation. Stained Gram.

bourn and Goadby, Odontoe. Soc, Trans., 1896.)

« 1,000, (Wash-
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DENTAL CARIES 153

turbidity, large flocculi and a thick granular deposit of a brownish-
orange colour. Indol slight; no H,S.
Litmus Milk.—In forty-eight hours a well marked acid reaction
is present and the casein- becomes coagulated and later re-dissolved.
Glucose Broth.—Acid production slight.

(20) BACILLUS MESENTERICUS VULGATUS.

Found widely distributed in milk, water, alimentary tract
(Vignal), carious dentine, gangrenous pulps, dento-alveolar abscesses
and gingival inflammation.

Fie. 50.—EBaciLLus MESENTERICUS VULGATUS,
Twenty-four-hours-old cultivation in agar. x 1,000,

Morphology.—Bacilli 1'2 to 3 p long, 0-75 p wide, ends rounded,
generally associated in pairs and in chains (streptobacilli). Often
long threads are formed, well marked oval spores found, generally
at ends of bacilli.

Staining Reactions.—Stains with carbol-methylene blue and
usual stains, and by Gram’s method. Spores stain with hot carbol-
fuchsin in the usual way.

Biological Characters.—An iierobic, facultative anierobic, lique-
fying, motile bacillus, forming spores.
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Morphology.—Bacilli 15 to 2 # long, and 0-3 g broad ; often
united in pairs with a central constriction ; grows out into filaments.

Staining Reactions.—Stains with the ordinary aniline dyes, but
not by Gram’s method. -

Biological Characters.—An #ierobic, facultative anierobie, chromo-
genie, liquefying, motile bacillus ; does not form spores.

Gelatin Plates, 22° C.—In forty-eight hours white colonies are
formed which may attain a diameter of 2 mm., a ring of liguefied
gelatin forming around each ; under § obj. the eolonies have a well-
defined, sharp outline with a circular dentate edge. The centre
of the colony is darker and brown in colour, finely granular; the
outer zone is paler and yellow in colour, finely granular, and
becoming translucent towards the edge. The surrounding gelatin
gradually becomes a fluorescent green by transmitted, yellow by
reflected light.

Gelatin Stab, 22° C.—A white granular growth quick]y appears
along the line of puncture, a small funnel of liquefied gelatin
appearing at the surface, the widest part of which is usually
occupied by an air bubble. The liquefaction gradually extends to
the sides of the tube and at the same time in a downward direction,
the liquefaction ultimately taking place in a horizontal plane
(stratiform). Just below the area of liquefaction, and spreading
into the surrounding medium, is a delicate fluorescent green
eolouration which gradually spreads throughout the tube. The
eolour is green by transmitted, yellowish-brown by reflected light.
A thick white deposit is formed at the bottom of the liquefied
medium. - ;

Agar, 37-5° C.—A slimy, moist, grey-white layer is rapidly formed ;
at 22° C. the fluoreseent green pigment is produced as on gelatin and
colours the whole of the medium, which later becomes of a dirty
yellow-brown. The growth itself is not coloured.

Potato, 22° C.—A well marked brownish layer is developed and
the potato stained a dark tinf. The fluoresecent green colour may
be extracted with chloroform from the potato cultures.

Blood Serum, 37-5° C.—Three days: dark and discoloured groove
of liquefaction,

Broth.—37-5° C.—Twenty-four hours: general turbidity with
thick precipitate. Indol is formed in small quantities, but no H,S.

Litmus Milk, 22> C.—Not coagulated, but clears up gradually
with yellowish-green colouration.

ke
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Staining Reactions.—Stains with the ordinary aniline dyes, and
by Gram’'s method. The spores stain well by Méller's method.
The flagella are stained by Pitfield’s method.

Biological Characters.—An #erobie, liquefying, motile bacillus.
Forms spores, which are generally situated at the ends of the rods.
The spore germination is characteristic. The germinating spore
splits along one side, and the organism grows out through the rent,
the remains of the spore often remaining attached to the end of the
bacillus. The motility is of a curious waddling nature, and is not
very rapid even when the bacillus possesses many flagella.

Gelatin Plates, 22° C.—In twenty-four hours minute grey-white
colonies appear under the £ obj., they are granular, greenish, and
have a well defined but irregular outline. Development progresses
rapidly, and in two days well marked liquefaction has taken place,
forming saucer-like cavities with granular, translucent contents;
the central part being opaque and white. Under the £ obj. the
colonies are greyish-yellow in the centre, and greenish-grey towards
the periphery where a tangled mass of filaments is to be seen, which
radiate into the surrounding medium and also into the non-liquefied
portion (crateriform, turbid, entire, becoming ciliate).

Gelatin Stab, 22° C.—A white growth rapidly appears along the
needle track (saccate), and liquefaction soon commences with the
formation of a wrinkled mycoderma upon the surface. The pellicle
thus formed sinks to the bottom of the liquefied gelatin, and is
replaced by another which in turn sinks, so that a thick deposit is
formed at the bottom of the tube. The fluid which at first is filled
with white flocculi becomes clear as the result. Occasionally the
liquefaction does not progress so rapidly, and fine radiating processes
extend into the non-liquefied medium, which disappear as liquefac-
tlon progresses. Various races of subtilis show considerable variation
in their liquefying power. No gas is formed.

Agar Streak, 37-5° C.—In twenty-four hours a grey, opaque flat
growth with defined edges, which later becomes dry, irregular and
brownish in colour. The whole may be often lifted away from the
surface of the nutrient medium. The surface, at first slightly
mottled, becomes corrugated and wrinkled (crumpled).

Potato, 37-5° C.—In twenty-four hours the whole surface of the
slice is covered with a moist ereamy growth which extends on to
the glass of the culture tube. The growth is found to be full of
spores when examined microscopically.

.
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162 THE MYCOLOGY OF THE MOUTH

oxygen, bub is facultative ierobic, and grows well under ordinary
conditions. It develops well on the ordinary laboratory media used.

Morphology.—Baceilli 0:75 u broad, and 1 to 5 x long, often asso-
ciated in pairs and sometimes in chains (streptobacilli). The ends
of the bacilli are square or rounded. In aniierobic cultures the
baeilli tend to grow out into long threads; under derobic conditions
the organism is much shorter. The bacilli tend to involute rapidly,
and form swollen and contorted masses not unlike the streptocoecus.

Fia. 52.—DBACILLUS RECRODENTALIS.
Agar cultivation, forty-eight hours. Stained Gram. x 1,000.

In broth cultures the bacilli are very short and appear more
like cocci. They are slightly motile, best marked on anierobie
cultures. I have not succeeded in staining the flagella.

Staining Reactions.—Stains by the ordinary aniline dyes but
takes some time, especially with methylene blue. It retains the
stain of Gram’s method. The involution forms stain badly and
appear granular, but no polar staining has been observed.

Biological Characters.—An anierobic, facultative derobic, non-
liquefying motile bacillus. No spore formation observed. Non-
chromogenie.

|
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164 THE MYCOLOGY OF THE MOUTH

F16. 53.—BAcILLUS PLEXIFORMIS (GOADBEY).
Gelatin cultivation at forty-eight hours. x 1,000.

j

Fra. §4.—BacCILLUS PLEXIFORMIS.

Twenty-four hours’ cultivation of decalcified dentine. x 1,000.
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from the throat of a patient suffering from enteric fever. This
organism tended to form hyph@ in culture media, and is inferest-
ing in assoeciation with the general presence of yeast forms in
pyorrheea pus. :

Hunter,! in a valuable communiecation, has called attenfion to
the association of wvarious general disturbances related to local
conditions of oral sepsis, and points out conclusively the relation
of ¢ septic '" gastritis, general septiceemia, and the like, as well as a
class of toxie conditions of an ill-defined nature, which owe their
origin to uneleanly and suppurative conditions of the buccal cavity.

Hunter aseribes the symptoms to “the pus cocei so frequently
present in the mouth,” and quotes Miller, Galippe, Vignal and
Arkovy. Miller, Netter, and myself, however, agree that the
common pus organisms are by no means as frequent in the mouth
as would seem probable—in fact only about 10 per cent. of cases
examined give cultivations of these organisms. I have already
shown, however, in the foregoing experiments that the pus of
pyorrheea, and the products of the activity of the organisms
obtained, are extremely pathogenic for animals, thereby confirm-
ing Hunter's contentions; and there is no doubt whatever that the
swallowing of these organisms and their produets greatly influences
the health of certain individuals. All persons with septic mouths,
however, do not suffer from toxic poisoning, and several of the cases
from which decidedly pathogenic results followed the injection of
animals with pyorrhcea pus emulsion exhibited no impairment of
health in any form, either gastric or general. It therefore becomes
an interesting problem that toxic absorption does not always
produce the gastric and other effects noted by Hunter.

We have already seen in the chapter on immunity that a large
degree of tolerance may be produced in an animal by repeated injec-
tions of increasing doses of a given organism or its toxines. I have
also referred to Ehrlich’s theory of antitoxine formation, and we may
I think apply the conception to an explanation of the tolerance to
poisons produced in the mouth.

It is well known that individuals suffering from toxic mouth
conditions may show no signs of poisoning for long periods, but
that often such persons develop symptoms of toxmmia somewhat

suddenly, and that once established the recovery is long and
tedious.

;

! The Practitioner, 1901,
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racemosa of Vicentini, and the Streptothrix bueccalis deseribed by
myself.

The Group Leptothrix.—A great deal has been written con-
cerning ‘‘ Leptothrix,” and all sorts of curious things said of the
doings of the mythical  Leptothrix of tooth decay.” Any thread-
forming organism has been included under the term, so that not a
little confusion exists in the nomenclature ; more particularly has
this arisen from the fact that no definite rule has been followed,
and no proper definition of Leptothrix adhered to.

Fig, 66.—SHOWING VARIOUS Forums From THE Moure Direct.

The fine threads are Miller’s Leptothrix innominate, the thick chain of bacilli
B. maximus buccalis.

The term Leptothrix signifies a genus of bacteria belonging to
the higher forms of Schizomycetes, and nearly related to the
Crenothrix and Beggiatoia.

Zoph, in his classification of bacteria, describes the genus Lepto-
thrix as ‘‘ spherical, rod-shaped, and filamentous forms, the last
showing a difference between the two extremities; spore formation
not known, filaments straight or spiral.”” Migula has proposed as
a family name for the various higher bacteria, Chlamydobacteriacewm,
and defines them as ¢ filamentous bacteria composed of rod-shaped
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cells and surrounded with a distinct sheath. Division of the cells
at right angles to the axis of the filaments. In Phragmidothrix
and Crenothrix, gonidia are formed by division in three directions
of space. Reproduction’ by gonidia which are motile or non-motile.”

Migula’s nomenclature, therefore, is an amplification of the two
genera of Zoph, Leptotrichez and Cladotrichez.

The divisions of Migula's Chlamydobacteriaces are :(—

I.—Cells without sulphur granules.

A.—TFilaments unbranched.
(i.) Cell division in one direction of space only (a) (Lepto-
thriz).
(ii.) Cell division before gonidia formation in three direc-
tions of space.
(¢) Filaments with scarcely discernible sheath
(Phragmidiothriz).
(b) Filaments with easily discernible sheath
(Crenothriz).
B.—Filaments show false branching (Cladothrizx).

II.—Cell contents contain sulphur granules (Thiothriz).

The Beggiatoaces are grouped as a separate family.

Zoph includes Crenothrix, Phragmidothrix, Leptothrix and
Beggiatoa under the one family Leptotrichez.

Lehmann and Neumann elass Leptothrix, Cladothrix dichotoma
(F. Cohn), Beggiatoa, Phragmidothrix and Crenothrix under the
term Higher fusion algm, but disclaim personal knowledge of the
group. Several species of Cladothrix and Streptothrix are merged
in the genus Actinomyeces.

From the above brief review of the literature it will be seen
that considerable diversity of opinion exists as to the proper group-
ing of these higher bacteria; Migula's classification appears to be
the one to which least objection can be taken, and is moreover
capable of extension, if necessary, to include new forms.

Whatever be the exact definition of Leptothrix decided upon, it is
clear that bacilli which are able at times to form threads cannot
on that account alone be included as Leptotriches ; it is, however,
impossible to state whether the curious bacillary forms often met
with in the mouth are members of the above family or merely
involution forms of other bacteria. I am inclined to think that a
number of the morphological forms often seen are related to the
Blastomycetes, more particularly as cultivations containing these
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morphological form alone being relied upon. Recently his views
have been somewhat modified, but he still considers that many of
the morphological forms met with in the mouth are phase forms of
this peculiar organism. The organism in question may be found in
the majority of mouths, but more plentifully in those mouths where
little or no care and attention is hestowed upon the teeth. It may
form thick, whitish deposits upon the surfaces of teeth not opposed
to one another, and may at times form a thick creamy layer along
the gum margin, where it is intermingled with other species of
organisms, many of which have been confused with it.

FiG. 57.—LEPTOTHRIX RACEMOSA OF VICENTINI, FROM MoutH DIRECT,

Balsam mount. Photomicrograph and specimen by Dr. Leon Williams.
x 1,000,

In the ordinary method of making coverslip preparations from
the mouth the characteristic form of the organism is very apt
to be destroyed and the *‘heads’ broken up. Vicentini and
Williams,! who have worked at this organism, have adopted
glycerine as a mountant (figs. 58 and 59), by which method the
various forms are more easily preserved intact. Another method
which has not been adopted by either of the observers mentioned,

' Dental Cosmos, April, 1899,

AELE I S an
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and which gives excellent results, is to examine the organism in
the hanging drop, saliva or 0'75 per cent. salt solution being used
as the medium. Such preparations are of course not permanent.
The organism, according to Vicentini and Leon Williams,
belongs to a higher order than the Bacteria or Schizomycetes, and
it is suggested that it should be placed among the Fungi. Williams
thinks that the process of sporulation that he has seen is nearly
allied to the Uridinem or Rusts. In coverslip preparations, and
particularly in the hanging drop made from the white deposit con-

Fi1g. 58.—LEPTOTHRIX RACEMOSA OF VICENTINI, FrROM MourH DIRECT,
sHOWING * Frurtrorn HEeans.™

Glycerine mount. Photomicrograph and specimen by Dr. Leon Williams.
x 1,000,

taining this organism, curious felted masses of entwined threads are
seen, many of which appear as if surrounded with closely adhering
cocei. Bome of these masses are finger-shaped and project from
the general mass of the threads and cocci (see fig. 59). After a little
search isolated specimens ean be found, when the cocci-like bodies
are seen to be arranged in regular order and, according to Williams
and Vicentini, attached to the thread by basidia which, according to
the former, are seen to pass from the thread to the * spore.” The
central thread can easily be traced through the mass of spore-like
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bodies to its free end, the whole appearance reminding one of the
common * Friar's Cowl” of the hedge-rows when ripe. Williams
gives a number of photographs of this organism, some of which
show the cocci-like bodies particularly well, but it is by no means
certain that these basidia are not artifact. If the “spores’ are
attached with these basidia or short stalk-like processes of the
central thread, one would expect to observe the basidia on free
spores, or on parts of the thread, which so far has not been
accomplished. If, on the other hand, the spores are attached one

to another they are more referable to the type of some of the
moulds (¢f. Penicillium).

Fic. 59.—FruitFuL HEADps oF L. RACEMOSA, SHOWING ARRANGEMENT
oF GONIDIA.
Photomierograph and specimen by Dr. Leon Williams. x 2,000.

The threads of this peculiar organism have been shown by
Williams to stain in a speeial way with a modification of the Gram
method, as follows :(—the material containing the threads, &e., is
carefully made into an emulsion with distilled water and then
stained with hot aniline gentian violet for from eight to ten minutes.
The specimen is then placed in hot iodine solution to fix, washed
in absolute alcohol and then counterstained with methylene blue;
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by this method of staining, spore-like bodies are seen to occupy the
ends of the segments of the threads. The spore-like areas may be
stained in another way, which rather precludes their description as
gpores. A coverslip preparation is made and MacConkey's capsule
stain' poured on. The preparation is then warmed until steam
commences to be given off (it must not be allowed to boil), the stain
is left on the coverslip for five minutes, washed off and the cover-
slip mounted. The curious beaded appearance of the threads is

Fig, 60.—LEePTOoTHRIX RAcEMOsA, Moura DIRECT. STAINED UAPSULE STAIN.
Showing darkly staining dots. x 1000.

brought out by this method ; the stained ‘ spores” are more to be
regarded as arthrospores rather than true endogenous spores. On
staining with Miller's iodine or with iodine acidulated with sulphurie
acid, some of the areas apparently corresponding to the areas that
stain with the foregoing method take a faint blue or violet tinge—
in other words, they give the granulose reaction.

Good specimens of this organism are difficult to obtain, and
great care must be exercised in making the coverslip preparation.

' Dahlia, "5 gm., methyl green (00 crystals), 1-5 gm., sat. alcoholic fuchsin,
10 ce., water to 200 ce.
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threads supposed to be the early sporulation of the L. racemosa.
It is, moreover, not difficult to produce the appearance of sterigmata
by using a stain like gentian violet, which is notorious for its quick
deposit. .

There are many other points of similarity between the L.
racemosa and some of the Ascomyecetes, for further particulars of
which the reader is referred to Du Bary’s book.

As the organism we have been discussing has as yet defied
attempts at cultivation, it is difficult to assign it to any particular
genus. Its morphology does not so far conform with any one
class of Ascomycetes or Schizomycetes.

Fic. 6l.—Bacinnts Maximus.
From agar cultivation twenty-four hours old at 37:5° C. Stained Gram.
x 1,000.

(82) BACILLUS MAXIMUS.

Leptothriz buccalis (Vignal). Bacillus maximus, Leptothriz
bucealis mazima (Miller).

The largest of the mouth bacteria occurs in most dirty mouths
and is often seen associated with the * Leptothrix "’ innominata.

Miller, who first applied the term B. maximus, describes another
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Fig. 62.—SPIRILLUM SPUTUGENUM (5pirilla).
From mouth direct ; gentian violet stain. x 1,0C0,

Fia. 63.—SpiricLom SPUuTUGENUM (Comma forms),
From mouth direct ; gentian violet stain. x 1,000,
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with carbol fuchsin, or carbol gentian violet, or aniline gentian
violet. The organism only stains faintly with carbol methylene blue.
In old cultures the threads stain unequally, and give the appear-
ance of chains of bacilii with unstained intervals. With Pitfield's
method single terminal flagella are seen.

Biological Characters.—An iierobic facultative anierobie, lique-
fying motile spirillum. Does not form spores (endogenous).
Arthrospores formed (?).

Grelatin Plates, 22° C.—At the end of forty-eight hours minute
greyish-white colonies, much like streptococei, appear, they are
moist and flat, and the gelatin around them soon ecommences to
liquefy.

Fi1G. 64.—BPIRILLUM SPUTUGENUM, FRESHLY ISOLATED FrROM THE MouUTH.
(Spirillum form not yet well developed.) x 1,000.

Microscopically, 2 obj.—Brownish, round, or oval, not granular,
with darker opaque irregular centre.

Gelatin Stab, 22° C.—Cup-shaped liquefaction (napiform), in
four days, little fluid ; the tube may often be inverted without any
of the contents escaping ; white floceuli appear in the fluid and a
considerable deposit at the bottom.

Gelatin Streak, 22° C.—Groove of liquefaction in three days
with white flocculi in fluid. No pigment is produced.
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Agar Plates, 37-5° C.—Brownish, flat, smooth, moist, central
portion elevated, edge entire or gyrate.

Agar Streak, 37-56° C.—Good growth in twenty-four hours with
defined, entire edge slightly raised, grey, translucent. Later the
growth becomes buff coloured.

Blood Serum, 37-5° C.--Grey, smooth, moist streak. The
medium is slowly liquefied.

Fia. 65.—SPIRILLUM SPUTUGENUM.

Agar cultivation at twenty-four hours (comma forms). Stained gentian
violet. x 1,000.

Latmus Milk, 37-5° C.—Well marked acid reaction in twenty-
four hours, with coagulation of casein in five days. Not
re-dissolved.

Broth, 37-5° C.—In twenty-four hours general turbidity with
slight pellicle. A four days’ culture gives a well marked cholera-
red reaction (nitroso-indol), with nitrite free sulphuric acid; H,S
present.

Potato.—No apparent growth in twenty-four hours at 37-5° C. ;
two to three days at 22° C. well marked rich red-brown ecolouration,
moist and shiny. Involution forms and threads common.
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Glucose, Lactose, Maltose Broth.—Well marked acid produetion
in forty-eight hours ; gas evolved.

Anderobiosis.—Grows on glucose formate media without oxygen
in Buchner tubes, and produces gas on glucose formate broth.

Pathogenesis.—Pathogenic for guinea-pigs (four only inoculated),
1 ce. of agar culture emulsion fatal in three days when injected into
peritoneal cavity.

FiG. 66.—SPIRILLUM SPUTUGENUM, -~
Broth cultivation at seven days, showing involution forms (? arthrospores).
x 1,000,

(34) SPIROCHATE DENTIUM.

Probably identical with foregoing. Oeccurs in fine irregular
threads, 0'1 » wide, 5 to 7 x long. Sometimes seen with coceus-
like bodies attached to thread (? arthrospores). Found in deposits
along gum margins. Stains with difficulty with carbol methylene
blue and not by Gram’s method ; so far I have not been successful
in observing flagella. 3

The twists or turns of the organism are more angular than those
of the ordinary spirillum, and the motility appears confined to quiet
revolution upon their long axis.
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F1G. 67.—STREPTOTHRIX BUCCALIS FROM MourH DIrEcT,
Stained Gram, showing branched threads and clubs.  x 1,000.

Fia, ﬂﬂ.—S‘rum&uum::{ BuccaLis.
Forty-eight hours’ cultivation on agar stained Gram. Showing branched
threads. x 600.
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Biological Characters.—An ierobie, liquefying streptothrix.

Gelatin Plates, 22° C.—At the end of three to four days (rarely
earlier) minute, hard, raised, colourless and spherical colonies
appear, which increase somewhat rapidly and occasionally form
cone-shaped projecting points the tops of which become coated with
a white powder. Liquefaction commences somewhat later and the
colonies gradually sink into the fluid gelatin. Ocecasionally the
colonies do not produce the projecting cone-shaped points but
remain flat and ring-shaped, the centre remaining clear.

Fic. 69.—STREPTOTHRIX BUCCALIS.

Seven days’ cultivation on potato stained Gram, showing involution forms
due to fragmentation of the threads. x 1,000,

Gelatin Stab, 22° C.—Slight development oceurs along the line of
inoculation in minute beaded colenies. Liquefaction commences at
the surface about the fifth day and extends to the tube walls; the
liquefied medium is separated from the solid by a horizontal plane
(stratiform).

Gelatin Shake, 22° C.—No gas bubbles are produced, and a faint
cloud of minute colonies, best marked at the surface, appears in four
to five days. Liquefaction stratiform.



OF THE MOUTH

THE MYCOLOGY

204

Fig. 70.—STREPTOTHRIX BUCCALIS.

Five days’ cultivation in agar.










i e

T

———

BACTERIA NOT DESCRIBED IN PREVIOUS SECTIONS 207

Gelatin Shake, 22° C.— Three days: well marked cloud of gas
bubbles ; no liquefaction.

Gelatin Streak, 22° C.—Spreading, white, thin, granular, as on
surface of stab. :

Agar Streak, 37-5° C.—Grey-white, glistening, moist, translucent.
Condensation water clear with slight precipitate.

Potato, 22° C.—Yellow to yellow-brown discolouration of potato
oceasionally oceurs,

Fig. T1.—BACILLUS COLI COMMUNE.
Agar cultivation twenty-four hours old., x 1,000.

Litmus Milk, 37-5° C.—Coagulation and marked acid reaction.
H,S and indol produced.

Broth, 37-5° C.—Dense turbidity with thick sediment. Indol in
seven days or less.

Lactose, Maltose, Glucose Broth.—Acid fermentation and gas
given off (CO,).

Anderobiosis.—Grows well on glucose formate media, producing
much gas on glucose formate broth.

Pathogenesis.—Variable, some cultures producing death in one to
five days, with general septiceemia when injected intraperitoneally,
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Bowuillon.—A slight cloudiness is quickly produced, a thin film
forms upon the surface, and a scanty white precipitate at the bottom
of the tube.

Potato.—At the end of forty-eight hours a layer the size of a
five-franc piece is developed, which has a pale pink colour and a
rough surface—resembling a lichen.

Blood Serum.—Is liquefied rather rapidly, and acquires a
brownish colour, while an abundant white precipitate accumulates
at the bottom of the tube.

(41) BACILLUS G OF VIGNAL.

Found by Vignal in the salivary secretions of healthy persons.

Morphology.—Bacilli with slightly rounded ends from 08 to
1:2 p in length when cultivated upon agar, and from 1-4 to 24 ,
when ecultivated in neutral bouillon; usually solitary, occasionally
united in short chains.

Biological Characters—An #erobie, liquefying bacillus. Spore
formation not observed. Motility not mentioned. Grows rather
slowly at the room temperature—more rapidly at 37-5° C.
~ Gelatin Plates.—At the end of forty-eight hours, small, projecting,
opaque, white colonies are developed ; at the end of four days the
colonies are seen as conical, opaque, white masses divided into
about twenty segments by grooves which start from the summit.

Gelatin Stick Cultures.—A small but prominent white mass is
seen at the point of puncture, and a scanty line of development along
the track of the inoculating needle; on the fourth day the surface
growth has extended nearly to the walls of the tube, and just below
this some fine branches are given off from the line of the growth ;
the sixth day the entire surface is covered, and the gelatin below is
liquefied for a short distance; the eighth day the liquefaction has
extended downward, q,nd the solid gelatin below has a clouded
appearance owing to the development of a quantity of small white
colonies ; by the twelfth day the liquefied gelatin has a depth of
about 2 em., a shining, white mycoderma is seen upon the surface,
a white deposit at the bottom, and helnw this numerous small
colonies in the solid gelatin.

Surface of Agar.—Very adherent, white colonies are formed,
which later extend to form a transparent white membrane.

Bowillon.—A slight cloudiness is produced, and a very scanty,
whitish deposit is seen at the bottom of the tube. Does not
develop well in acid bouillon.
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