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LABORATORY RULES

1. Before beginning an exercise read over the directions and look up
some of the references. EKeep notes of everything deone and the conclusions
reached on the right hand pages in this Guide. Make drawings wherever
they will be of value. Outline with pencil and fill in with India ink., The
Laboratory Guide should be kept in the laboratory.

II. All possible cleanliness should be observed in the care of apparatus,
desk, etc.

IITI. After working with the pathogenic bacteria the tables should be
washed with corrosive sublimate and the hands disinfected by washing in
the sublimate solution (or a germicidal soap) and then in soap and water.

IV. Solid material, culture media and corrosive sublimate should not
be put in the sink but in crocks provided for the purpose. Burnt matches,
pieces of paper, etc., should also be put in the crocks and not on the floor.

V. When using the steam sterilizer see that there is enough water pres-
ent before lighting the gas and do not leave the laboratory until the gas has
been turned off.

VI. Food should not be eaten in the laboratory and lead pencils or labels
should not be moistened with the tongue.

VII. All cultures of bacteria should be labeled with the name of the
organism, the name of the student and the date.

VIII. The platinum needles used in making cultures should be sterilized
shortly before and immediately after use, and before they are laid down.
When the needles are covered with infectious material they should be held
at the side of the flame until dry before being sterilized; this will avoid the
danger of scattering this material about the laboratory.

IX. Discarded cultures should be covered with corrosive sublimate and
placed in a proper receptacle, and under no condition should they be left
lying about the laboratory. Pipettes which have been used to handle infec-
tious material should be placed in a glass cylinder containing a disinfectant,
or potassinm bichromate and sulphuric acid.

X. If infections matter should by accident come in contact with the
hands, or be dropped on the table or floor, corrosive sublimate (1:1000) should
be immediately applied.

(x1)





















4 GENERAL BACTERIOLOGY

EXERCISE 2. PLUGGING FLASKS AND TUEES.

GENERAL Direcrions. When the flasks, test-tubes and fer-
mentation tubes are thoroughly dry they are to be plugged with
cotton. The cotton for this purpose should be non-absorbent and
of the best quality, 7. e., as free from foreign matter as possible.
The plugs should be sufficiently loose to permit the interchange of
gases and at the same time tight enough to support the weight of
the vessel and its contents, otherwise they are apt to be pulled out
in handling the vessels. The eotton should be rolled into a eylin-
der of the proper diameter and long enough to extend into the
mouth about 214 em. (1 in.) and project sufficiently to protect the
lips from dust. The plug should be pushed in straight and not
twisted ; the surface next to the glass must be perfectly smooth,
presenting no creases for the entrance of dust.

REFERENCES. A. 127; H. 44; M. & R. 49; McF. 164; P. 223,
Specian, DirectioNs. Plug all test-tubes, flasks and fermenta-
tion tubes in your possession.

EXERCISE 3. STERILIZATION OF GLASSWARE.

General Directions. The glassware thus prepared is ready
for sterilization, which process is aceomplished in an apparatus
called the hot air sterilizer. This is a sheet iron or copper box with
a double wall which permits of rapid
heating. The apparatus should be so ar-
ranged that a temperature of 150° C. ean
be quickly reached and readily main-
ﬂ < tained. TIn such a sterilizer all glassware

8% Jl’ﬂ to be used for the reeeption of eulture

media, such as flasks, test-tubes, Petri
dishes, ete., is submitted to a temperature
of 140-150° C. for 1 hour, or until the
cotton plugs are slightly browned; this
change being due to the incipient char-
ring of the eotton. The test-tubes are
z : placed erect in square baskets made of
,1. Hot Air Sterilizer. galvanized iron wire. When the air in

(Muir & Ritchie). the sterilizer has cooled to about 40° C.
the glassware can be taken out and stored ready for use. The Petri
dishes are not to be opened until used for enlture purposes.

REFERENCES, A, 75 and 127; H. 36G: M. & R. 29: McF. 164;
F. 228,
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22 GENERAL BACTERIOLOGY

EXERCISE 13. TEST-TUBE CULTURES.

ExpranaTory. The extreme minuteness and slicht variation in
the form of different bacteria render a thorough study of them hy
direct microscopie observation a diffieult and well nigh impossible
task. In their study, therefore, it is necessary to depart from the
usually accepted rules that govern the determination of the life
history of other forms of life and resort to special methods. The
most successful of these are those known as culture methods. Ae-
cording to these methods the bacteria are sown on various food sub-
stances and upon these they develop forming masses easily visible
to the naked eye. The manner of their growth and the changes
which they produce in these media make it possible to detect differ-
ences which would otherwise escape attention. The most common
culture media, bouillon, gelatin, azar, and potato have already been
prepared, and others will be deseribed as needed.

Cultures may be made either in test-tubes (streak or stab cult-
ures), or on glass plates, as plate cultures. The plate enlture is
especially important and is used (a) to obtain pure eultures; and
(b) for ascertaining the character of the colonies as an aid to
their diagnosis. The tube-cultures are serviceable in giving oppor-
tunity for a further study of the characters as well as to furnish the
most convenient method of maintaining the enltures.

(JENERAL DIrRECTIONS. Bacteria when obtained in ‘‘pure
culture’’ are usually grown in test-tube cultures. To make these
a small portion of a previous culture is transferred to fresh culture
media by means of the platinum needles.

a. Stab Cultures are made in test-tubes containing solid, trans-
parent media, such as gelatin
and agar. The end of a ster- _
ile needle is infected with the
material to be transferred.
The needle is then thrust into
the medinm to the bottom of
the test-tube and withdrawn.
In this way the bacteria are
left along the entire length
of the needle track. For
method of holding tubes see
Fig. 9. They are held in an
inelined position to prevent
the Imgﬂﬂ!int}? of infection Fig. 9. Method of holding test-tubes.
from the air. a, eotton plugs.
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b. Streak Cullures are eultures made by drawing the needle, or
better, the loop, over the surface of the medium (test-tubes with
media having sloped surfaces or plate eultures). Agar, potato and
blood serum arve frequently used in this way, and oceasionally
oelatin,

¢. Liquid Cultures (bouillon, milk, ete.) are inoeulated by trans-
ferring the desired material to them on either the needle or loop.

REFERENCES. A.152; H. 58: M. & R. 51 ; McF. 198.

SPECIAL IMRECTIONS.

a. Make a gelatin stab, an agar streak, a potato streak, and a
bouillon eulture of Bacillus subfilis (EnreENB.) ConnN (hay bacillus)
and Bacillus coli (Esca.) Mig. (eolon baeillus) from agar eultures
supplied. Rule VIIL

b. Label cach tube, writing the name of the organism, the date of
inoeulation and your own name. Rule VII.

¢. Place the gelatin in the cool chamber, and the other eultures in
the ineubator at 28° C. See next Exercise.

EXERCISE 14. INCUBATION OF CULTURES.

ExpranaTory. Most bacteria grow at ordinary temperatures
(22° (.), but their growth is usnally hastened by a higher tempera-
ture (e. g. 28°-30° C.) The pathogenie, or disease-producing bae-
teria grow best at the temperature of the human body (38° (C.).
All baeteriologieal laboratories are, therefore, supplied with appara-
tus arranged for maintaining constant temperatures, known as
thermostats or incubators.

The non-pathogenic cultures arve usually kept at 28° C., while
the pathogenic ones are kept at 38° C. All gelatin cultures, how-
ever, must be kept at a temperature several degrees below the melt-
ing point of gelatin, 1. e., not above 22° C. Ordinarily the tempera-
ture of the locker, especially near the floor, will be found satisfac-
tory. In a very warm room, particularly in the summer, an artifi-
cially eooled ehamber will be necessary.

Test-tube eultures are stored in the various incubators in tin
cans or glass tumblers with a layer of cotton in the bottom, while
the Petri dishes are stacked in low piles.

RererENcES. A. Ch. VIII: H. 55; M. & R. 82; P. 231

SPECIAL DIRECTIONS.
a. Incubate all eultures of the non-pathogenic bacteria at 28° C,,

S
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except the gelatin, Keep these in the cool chamber. After growth
has taken place, the cultures can be taken from the ineubator and
kept at the room temperature,

b. Study and make diagrams of an ineubator, a Reichert thermo-
regulator, a Roux thermo-regulator and Koch’s safety burner.

EXERCISE 15. STUDY OF TEST-TUBE CULTURES.

GENERAL DIrRECTIONS.  As soon as growth becomes visible a sys-
tematic and careful study of the eultures should be made. A de-
tailed list of the points to be noted will be found in Chapter III,
and should be consulted in writing up the deseriptions. The sum-
mary below will, however, be found useful.

For bouillon eultures note: 1) econdition of fluid, 2) character
of sediment, 3) presence or absence of membrane, ana 4) charae-
teristic odor.

For solid enltures (agar and potato slopes), note: 1) Form of
erowth, 2) size, 3) surface elevation, 4) consisteney, 5) color, 6)
effeet on media, and 7) eharaeteristie odor.

For gelatin stab cultures, note: 1) Effect on media, a. non-lique-
fying, i) line of punecture, ii) surface, b. liquefying, i) shape of
liquefied area, ii) condition of fluid, iii) character of sediment, 2)
characteristic odor.

The study should be continued from day to day as long as
changes are noted. Make drawings wherever they will be of
service in elucidating the deseriptions.

SpeciaL DirEctions.  Study, write careful deseriptions and
make necessary drawings of all the cultures made. For recording
results use the table on pages 25 and 27.

EXERCISE 16. CLEANING SLIDES AND COVER GLASSES.

GeNERAL DirpcTioNs.  Slides can be sufficiently eleaned by
washing in water or aleohol and drying with a towel. The cover-
olasses for baeteriologieal work, however, must not only be freed
from visible dirt but must be rendered free from fat. One of the
best methods is the following: New cover-glasses are cleaned by
washing in water and drying from aleohol by rubbing them between
driers (two wooden blocks 20x10x21% mm. covered with several
layers of cotton cloth or chamois skin), and then heating them on
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b. Practice making cover-glass preparations by staining speci-
mens from each of your cultures. Use Loeffler’s methylen blue for
the gelatin and bouillon ; aqueous solution of gentian violet for agar,
and carbol-fuchsin for potato. Examine, mount permanently and
hand to instruetor for inspection.

EXERCISE 19. USE OF MICROSCOPE.

GENERAL DirREcTIONS. For bacteriological purposes a mieroscope
with a magnifying power of at least 500 diameters is needed. There
should be a coarse adjustment (rack and pinion) as well as a fine
micrometer serew ; and the following accessories: Two oeulars, one
1 in. (25 mm.) and one 2 in. (50 mm.) ; three objectives, one 2 in.
(16 mm.), one { in. (4 mm.), or & in. (3.5 mm.) and one oil
immersion % in. or % in. (2 mm.); a triple nose-piece, and an
Abbe substage condenser with iris diaphragm mounting.

In the use of the microscope the following points should be noted :

a. Ligar. The proper angle at which the mirror should be
placed is best determined by removing the ocular and so arranging
the mirror that the unobstructed light from the window covers the
whole field. The ideal lizght is that from a white cloud. Direct
sunlight should never be used.

b. Aser ConpeENsER. The purpose of the condenser is to furnish
a large cone of light, and as it is correeted for parallel rays the plane
side of the mirror should always be used, except when artificial light
is employed. When highly stained objeets are to be examined, fhe
open diaphragm should be used, but when the structural rather than
the color picture is desired, it will be necessary to diminish the light
by closing the diaphragm. When the high powers are employed,
raise the condenser as high as possible ; for low powers a lower posi-
tion will give better definition.

¢. Focusing. Turn the proper objective in place and rack down
until the objective nearly touches the cover-glass. This should be
done while the eye is held at one side and directs the movement.
Then with the eye at the tube slowly move up with the micrometer
serew. Never rack down with the eye at the tube.

d. Use or O1-ImyersionN. The oil-immersion objective is indis-
pensable to the proper study of bacteria. It is construeted upon the
principle that a drop of fluid having the same refractive index as the
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objective, prevents the dispersion of light, thus permitting the use
of lenses having a greater numerical aperture and longer working
distance for the same degree of amplification than is possible with
the dry system. In using an immersion lens, place a small drop of
immersion oil on the preparation, then carefully lower the objective
until it touches the oil drop and nearly touches the cover-glass.
Apply eye to the ocular and focus npward very slowly with fine ad-
justment until the definition is clear. At the close of the day’s
work the oil must be removed from the objective and cover-glass.
This is best aceomplished by wiping them with a piece of Japanese
paper made for the purpose. In case the oil should aceidentally dry
on the objective, it can be removed by adding a little more oil and
allowing it to stand for a few minutes; it ean then be wiped off
with paper. If this method does not suceeed, the objective should
be taken to the instructor. Great care must be observed since
solvents of the oil are also solvents for the lens mountings.

REFERENCES. See Gage; A.199; H. 118 ;M. & R. 87; P. 206.

SPEcIAL IDMrECTIONS. Examine cover-glass preparations made in
previous exercise, first with } in. objective, and then with the oil-
immersion objective. If the specimen be satisfactory, sketch as
directed in next exercise.

EXERCISE 20. DRAWING BACTERIA

GENERAL DirecTioNs. In drawing bacteria only a few organisms
oceurring in the microscopie field should be sketehed, but these should
be made of considerable size so that the exact outline may be indi-
cated. Furthermore they should be drawn to scale and individuals
seleeted to give range in form and size.

To measure microscopic objects an ocular micrometer is used,
and the first step will be to determine its value. Place the ocular
micrometer on the diaphragm in the ocular, use a stage micrometer
as an object and focus. The image of the scale on the stage miero-
meter will appear imposed on that of the ocular micrometer. Make
the lines of the two micrometers parallel and then make any two
lines of the stage micrometer coineide with any two on the oeular
micrometer, pulling out the draw-tube if necessary. Divide the
value of the ineluded space or spaces on the stage micrometer by
the number of divisions on the ocular mierometer required to in-
clude them, and the quotient so obtained will give the valuation of
the oeular micrometer in fractions of the units of measure of the
stage micrometer (Gage). If the result be not in terms of the micron
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Instead of the hollow ground glass-slide an ordinary elass-slide
to which a small section of a glass or rubber tube has been cemented
can be used, and in some cases is preferable.

In examining the preparation under a microscope, focusing is a
somewhat difficult process and must be carried out with great care.
Use a narrow diaphragm. Find the edege of the drop with the low
power (% in. objective), adjusting slide so that edge of drop passes
through the center of the field; then turn on the high power ( 3 in.
objective) and foeus without moving the slide. The edge of the drop
is selected because the bacteria are here nearest the cover-glass and
henee more easily focused upon than where they are deeper in the
drop.

ReEFErENCES. A.204; H. 114; M. & R. 87 ; McF. 141 ; P, 209.

SPECIAL DIRECTIONS.

a. Make a hanging-drop preparation of water containing parti-
cles-of India ink or carmine in suspension. This illustrates molee-
ular or Brownian movement.

b. Make a preparation using straw infusion or tartar from teeth
to note variations in rate and character of vital movement.

¢. Make hanging-drop preparation of B. subfilis from agar or
bouillon (13).

d. Make same preparation of B. coli (13).

In cases where vital movement is questionable, remove the cover-
rlass and place a drop oi formalin or chloroform in the bottom of the
cell ; replace the cover-glass, examine and note change in character
of movement, if any.

EXERCISE 22. MICROSCOPICAL STUDY OF FORM TYPES.

a. Make bouillon and agar streak cultures of the following or-
 ganisms:

Micrococeus (any species ).

Sarcina lutea SCHROETER.

Pseudomonas fluorescens (FLUEGGE) Mia.
Bacillus mycoides FLUEGGE.

Mierospira Metschnikovi Mig. (or any vibrio).
Spirillum rubrum v. ESMARCH.

b. Incubate enltures at 28° C. for 24 hours.
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g. Stain with hot earbol-fuchsin for about one minute,

I. Wash in water, dry and mount in balsam.

REFERENCES. A.174; H. 100; M. & R. 107 ; MeF. 156 P. 205. §

SPECIAL DirrEcTiONs. Stain B. typhosus from ecultures fur-
nished, also try B. coli and B. subtilis. |

EXERCISE 27. CAPSULE STAIN (Wercm).

GENERAL DIRECTIONS,

a. Spread film without the use of water,

b. Air dry.

c. Fix.

d. Apply glacial acetie acid, and drain it off immediately. Do
not wash in water. '

e. Apply Ziehl’s carbol-fuchsin which is to be renewed severa
times to remove aeid.

f. Wash in 1 to 2% salt solution.

g. Examine in salt solution. (Balsam causes eapsule to shrink)

REFERENCES. A. 170; H. 97; M. & R. 106; McF. 291; P. 2033
P.B. C. 13.

SPECIAL DirecTiONS. Use pnenmonie (‘‘rnsty’’).sputum, blood
of rabbit infected with the Bact. pneumoniae or a milk eulture of
capsule bearing organism as Bact. pneumonicum (Fried.) Mig. or
Bact. capsulatum (Stern.) Chester.

EXERCISE 28. STAIN FOR METACHROMATIC GRANULES (Erxst)

a. Stain a young culture of an organism such as Bact. diphtheriae
with Loeffler’s methylen blue for about 3 minufes.

b. Wash in water.

¢. Treat with a saturated solution of Bismarck brown for 30 se
onds.

d. Wash in water, mount in water and examine, or, dry, mount
in balsam and then examine.

The granules should appear blue in a brown organism.

EXERCISE 29. MORFPHOLOGY OF YEASTS AND MOULDS COMPAR
WITH EACTERIA.

a. Mount some baker’s yeast (Saccharomyces cercvisiae) and

examine in an unstained condition. Compare: Size; form; strue
ture and method of reproduction with the bacteria.
b. In same way examine a number of common moulds, e. g

Mucor, Penicillium and Aspergillus.
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b. Also male a ““blank’’ plate from an uninoculated gelatin tube,
observing all precautions to prevent contamination. This will serve
as a control or check on your other plates. If any eolonies develop
on this it will indicate earelessness.

EXERCISE 31. AGAR PLATE CULTURES.

GENERAL DigecrioNs. These are made in the same way as the
gelatin plates except that the high melting point (96° C.) of agar
makes it necessary to use boiling water to melt it. Inasmuch as the
vitality of vegetative bacteria is destroyed at a temperature much
above 42° C. it must be cooled down before it is inoeulated, but as
agar solidifies at 39-40° C. it must not, therefore, be cooled below @
that point. It is best to keep the melted agar at about 45° C. for 10
minutes before it is inoculated. For this purpose a water-bath ¥
should be so arranged that the temperature can be eontrolled by
means of a thermo-regulator. A cheap and
vet satisfactory arrangement is represented §
A in Fig. 17. Inoculate, make dilutions and
pour as in case of gelatin, except that be-
fore the agar is poured, it is well to slightly
warm the Petri dishes by placing them in
the incubator at 38° C. for a few minutes;
otherwise the agar may solidify in lumps in
the plate. In cooling, agar shrinks some
what, and in doing so water is expresse
from the solid jelly. TIn the ineubator this
condenses on the under side of the cover of
Fia. 17. "i;;?i':'::h for cool- the Petri dish to such an extent that drops

run down on to the eulture surface, thus
eausing the developing superficial colonies to “‘run.”” To obvia
this the Petri dishes, when placed in the incubator, should be in

verted
RererEnces. A.135:H.68: M. &R.57; N.285; P.225; P. B. C

28.

Sprcral, DirecTioNs.  a. Make three agar plates of B. coli;
one loop of bouillon culture (13) for tube No. 1 and proceed as in ED
b. Invert and place in incubator at 28° C.

EXERCISE 32. ROLL CULTURES (Esmarci).

GrneErAL DirEcTioNs. These are essentially plate emltures i
which the medium instead of being poured out into dishes is solidis
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Sodium chloride 0.5 gm.
Peptone (Mereck) 1. ¢
Potassium nitrate 0.2 ¢
Water 1,000, gms.

h. Litmus MiLk,

1) Freshly separated milk, or if this is not available, new milk
is placed in a separatory funnel in an ice chest over night to allow
the separation of the eream and the milk then drawn off,

2) Litmus solution (e. above) is then added until medium is
faintly blue.

d) Tube and sterilize in the steamer for 30-45 minutes on 3 or
4 consecutive days. During the summer months particularly very
resistant bacterial forms abound in the milk, so that it is necessary
to inerease the number of applications or length of exposure. The
efficiency of the sterilizing process shonld be tested by placing the
milk in the incubator for several days to see if any ehange occurs,
2 tubes.

In addition to the above have 15 tubes of bonillon (9 to contain
exactly 10 ce. for 41. and 44.) 10 tubes of gelatin, 15 tubes of agar,
6 water-blanks and 5 potato tubes.

(If thonght desirable the media required for Chapters I'V. and V.
| Exercise 58], may be prepared at this time; this would then com-
plete all the media making required in Part 1.)

j Pilter, tube and sterilize, 3 tubes.

EXERCISE 28. EFFECT OF REACTION OF MEDIA ON GROWTH.

(GENERAL DIRECTIONS.

a. Melt 6 tubes of gelatin and add, nunder aseptic precautions, to
three of them, respectively, 0.1 ce., 0.3 cec., and 0.5 ce. of a normal
solution of hydroehloric acid, and to the other three the same
amounts of a normal sodinum hydrate solution.

b. Thoroughly mix, solidify gelatin in ice water and then inocu-
late (stab) each tube with the organism to be studied.

¢. Make a control culture in a tube of neutral gelatin.

d. Ineubate at 18° C. and note the effect of the chemicals on the
rate, amount and character of the growth.

RerereNcEs. L. & N. 35; McF. 41.

SpeciaL DirectioNs. Use B. subfilis and B. coli. Make sketches.

EXERCISE 39. EFFECT OF CONCENTRATION OF MEDIA ON GROWTH.

a. Pour about 2 ee. of ““‘condensed milk’’ into each of two sterile
test-tubes, dilute one with five times the volume of sterile water.
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6. Inoculate both with a pure culture of B. subtilis and incubate
at 28° C. Explain changes which ocenr,
¢. Test extract of beef or syrup in the same way.,

EXERCISE 40. EFFECT OF TEMPERATURE VARIATIONS ON RATE OF
GROWTH.

(GENERAL DIRECTIONS.

a. Make four agar streak eultures of orranism to be studied.

b. Incubate them at the following temperatures: Iece chest (7°
C.), room (20° C.}, low incubator (28° C.), blood heat (38° C.).

¢. By frequent ohservations as to luxuriance of growth, deter-
mine the optimum temperature of growth for cach.

RerFErENcEs. F.73; 1. & N. 44 ; Mcl. 44,

SPECIAL DIrReEcTIONS. [se a mesophilie bacterium as B. eoli and
a psychrophilic organism as Ps. violacea. i

EXERCISE 41. DETERMINATION OF THERMAL DEATH POINT.

GENERAL DIRECTIONS.

a. Make a bouillon eulture of the organism to be tested.

b. 48 hours later heat a large water-bath to 45° C. Place in
this, in close proximity to a thermometer, 5 test-tubes (16 mm. in
diam.) eontaining exaectly 10 ce. of standard bouillon. (Reaction
+ 1.5.)

¢. After 15 minutes exposure at this temperature remove the
cotton plug from one of the tubes, inoculate the broth with three
loopfuls (standard size, 12) of the 48 hour old culture (a.), and
carefully mix by slightly agitating the tube, without removing 1t
from the bath.

d. After a further exposure of 10 minutes remove the tube from
the bath and place it immediately in a vessel of ice cold water to
cool. Then incubate at a temperature favorable to the development
of the organism under observation.

¢. Raise the temperature of the bath 5 degrees, i. e., to 50° C,
inoeulate another tube. Keep it at 50° for 10 minutes, remove. cool
and ineubate.

f. In the same manner expose the organism to the following
temperatures : 55°, 60°, and 65° C. for a period of 10 minutes each.

¢. In all cases ineubate at least a week and take as the thermal
death point the lowest temperature at which growth fails to appear.
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2. Bize expressed in millimeters.

3. Surface elevation: Flaf, thin spreading over the surface
(Fig. 21, a); effused, spreading over the surface as a thin veilly
layer, more delicate than the preceding; raised, thieck growth, with

P abrupt, terraced edges (Fig. 21,

% b) ; convex, surface segment of a

b = eirele, but very flatly convex

(Fig. 21, ¢); pulvinate, surface

R 'tM segment of a cirele, but deeided-

ly convex (Fig. 21, d) ; capifate,

e D hemispherical (Fig. 21, e); um-

d 3 bilicate, shaped like a navel (Fig.
Fig. 2l. Surface Elevations of Growths,

a, Flat: b, Raised; ¢, Convex: d, Pulvinate; _21’ fj ; Hmbaﬂﬂtﬂ’ hearlng a knob
¢, Capitate; f, Umbilicate; g, Umbonate. in the center (Fig. 21, g).

4. Topography of surface: Smooth, surface even without any
of the following distinctive characters ; elveolate, marked by depres-
sions separated by thin walls so as to resemble a honey eomb; punec-
tate, dotted with punctures like pin-pricks; bullate, like a blistered
surface, rising in convex prominences, rather coarse ; vesicular. more
or less covered with minute vesicles due to gas formation, more
minute than bullate ; verrucose, wart-like, bearing wart-like promi-
nences; squamose, covered with seales; echinate, beset with pointed
prominences ; papillate, beset with nipple or mamma-like processes;
rugose, short, irregular folds due to shrinkage ; confoured, an irreg-
ular but smoothly undulating surface like the surface of a relief
map ; rimose, abounding in chinks, elefts, or eracks,

2. Mieroscopie structure.

A. Colony as whole: Power of refraction, weak or strong;
amorphous, without definite strueture: hyaline, colorless or clear;
homogenous, structure uniform throughout; areolate, divided into
rather irregular or angunlar spaces by more or less definite boun-
daries (Fig. 22, 1) ; granular, finely or coarsely; grumose, clotted
appearance, particles in clustered grains (Fig. 22, 2); moruloid,
having the character of a morula divided into more or less regular
segments (Fig. 22, 3) ; clouded, having a pale ground with ill-defined
patehes of deeper tint (Fig. 22, 4) ; gyrose, marked by wavy lines
indefinitely placed (Fig. 22, 5) ; rivulose, marked by lines like the
rivers of a map; rimose, showing chinks, cracks or elefts; marmo-
rated, showing faint, irregular stripes, or traversed by vein-like
markings as in marble (Fig. 22, 6) ; reticulated, in the form of a
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network, like the vein of a leaf (Fig. 22, 7) ; filamentous, floccose, or
curled, as defined under 1 above.

Fia. 2. Microscopic Structure of Colonies. A, Colony as a whole. B, Edge of Colony,
1, Areolate; 2, Grumose; 3, Moruloid; 4, Clouded; 5, Gyrose; 6, Marmorated; 7, Recticu-
:_Ftt‘: B, Repand; 9. Lobate; 10, Erose; 11, Auriculate; 12, Lacerate; 13, Fimbrieate: 14,

iliate.

B. Edge of colonies: entire, without toothing or division;
undulate, wavy ; repand, like the border of an open umbrella (Fig.
22, 8) ; lobate, (Fig. 22, 9) ; erose, as if gnawed, irregularly toothed
(Fig. 22, 10) ; auriculate, with ear-like lobes (Fig. 22, 11) ; lacerate,
irregularly cleft, as if torn (Fig. 22, 12) ; fimbricate, fringed (Fig.
22, 13) ; ciliate, hair-like extensions, radially placed (Fig. 22, 14);
filamentous, (Fig. 20, G) ; curled, (Fig. 20, E).

6. Color (to be determined for both transmitted and reflected
light) : {ransparent ; vitre.us, transparent and colorless; oleaginous,
transparent and yellow, olive to linseed oil eolored : resinous, trans-
parent and brown, varnish or resin colored : translucent ; paraffinous,
translucent and white, porcelanous ; opalescent, translucent, erayish-
white by reflected light, smoky-brown by transmitted light ; naereous,
| translucent, grayish-white with pearly lustre: sebaceous, translu-
eent, yellowish or grayish white, tallowy ; butyrous, translueent and
. yellow; ceraceous, translucent and wax colored ; opague; erefaceous,
opaque and white; chalky, dull without lustre; glossy, shining ;
. fluorescent ; iridescent.

7. Consistency: hard, friable; soft: viscid,

8. Changes in medium: Liquefaction (gelatin), shape of liqui-
fied area, character of the fluid, membrane and sediment see under
Bouillon below ; color ; odor ; consistency.

I1. Deep Colonies.

1. Form. 2. Size. 3. Character of surface, 4. Mieroscopie
structure. 5. Consisteney. 6. Changes in medium. Same as sur-
face colonies.

StaB CuLtures ((Gelatin or Agar).

I. Non-liquefying.

-
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1. Line of puneture: filiform, uniform growth without any spe-
cial characters (Fig. 23, 1) ; nodose, consisting of elosely ageregated
colonies ; beaded, loosely placed or disjointed eolonies (Fig. 23, 2);
papillate, ecovered with papillae ; echinulate, minutely prickly (Fig.
23, 3) ; villous, beset with undivided hair-like extensions (Fig. 23,
4); plumose, a delicate feathery growth; arborescent, beset with
branched hair-like extensions (Fig. 23, 5).

2. Surface growth. Same as for plate eultures.

1 X 5 % ]

H
:

FiG. 28. Types of Growth in Stab Caltures. A, Non-liquefying: 1, Filiform (B. coli);
2. Beaded (Str. pyogenes); 3, Echinate (Bact. acidi-lactici); 4., Villous (Bact. murisepti-
cum); &5, Arborescent (B. mycoides). B, Liguefying: 6, Crateriform (B, wulgais, 24
honrs); 7, Napiform (B. subtilis, 48 hours); 8, Infundibuliform (B. prodigiosus); 9. Sac-
cate (Msp, Finkleri): 10, Stratiform (Ps. fuorescens).

II. Liquefying.

1. Shape of liquefied area: crateriform, sauncer shaped (Fig.
23, 6) ; napiform, outline of a turnip (Fig. 23,7) ; infundibuliform,
shape of a funnel, eonical (Fig. 23, 8) ; saccate, shape of an elon-
gated saec (Fig. 23, 9): stratiform, liquefaction extending to the
walls of the tube and then downward horizontally (Fig. 23, 10).

2. Condition of fluid: See Bouillon below.

STrEAK Currures (Gelatin, Aezar, Potato or Blood serum).
1. Form: filiform (Fig. 24, 1); nodose; beaded (Fig. 24, 3);

-
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PHYSIOLOGICAL CHARACTERS.

a. Effect of desiceation.

b. Relation to temperature: minimum; optimum; maximum;
thermal death point.

¢. Relation to oxygen : under miea plate ; in hydrogen or nitrogen.

d. Relation to light, Buchner’s Experiment (46),

¢. Relation o antiseptics and disinfectants.

f. Pigment produetion : relation of development to oxyeen ; rela-
tion of development to character of medium ; changes produced by
alkali and acid ; solubility ; spectrum analysis.

¢. Gas produetion : rate, quantity and formula produced in dex-
trose, lactose, and saccharose media.

Ii. Aeid and alkali production: earbohydrates present; carhbo-
hydrates absent.

i. Relation of growth to acidity and alkalinity of medium ; growth
in1, 2, 3 and 4% alkali; growth in 1, 2, 3, 4 and 5% acid.

i. Reduction of nitrates : to nitrites ; to ammonia.

k. Produetion of sulphuretted hydrogen.

I. Produetion of indol in sugar-free bouillon.

m. Enzyme produetion ; proteolytic ; diastatic.

#. Charaeteristic odor.

0. Pathogenesis:

i

2.
3.

Modes of inoeulation by which its pathogenic properties are
demonstrated.

Quantity of material required.

Duration of the disease and its symptoms.

Lesions produced and the distribution of the baeteria in
the inoenlated animals.

Which animals are suseeptible and which are immune,

Variations in virulence and the probable causes to which
they are due.

Deteetion of toxie or immunizing produets of growth.

Agelutinating properties of serum of immune animals.
(Widal reaction.)

Lysogenie properties of serum of immune animals.
( Pfeiffer’s phenomenon. )

RerFErENCES.  Chester, Reports Delaware Experiment Smtim:,
1897, 1898 and 1899; A. 227; C. 17; H. 105; P. B. C. (Cheesman's
Charts) ; Kendall, Rept. Am, Pub. H. Assn., 28: 481.
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CHAPTER V

BACTERIOLOGICAL ANALYSIS

EXERCISE 66. COMPARATIVE ANALYSIS OF AIR (Kocn).

a. Plate three tubes of gelatin and expose by removing lid for
20 minutes in the following places: 1. Laboratory. 2. Cellar.
3. Out of doors. :

b. Replace the lids and keep plates at 22° C. for several days.

¢. Count the colonies. The counting is facilitated by the use of
Plate II. on which the Petri dishes are to be placed. In counting
a hand lens magnifying about 5 diameters should be used. Where
possible all of the colonies on the plate should be counted, if this
be impossible eount a representative area and estimate the whole
number. ;

d. Express the results in terms of the number of organisms
which fall per square foot per minute. The area of the Petri dish
can be read off directly from Plate II. in square centimeters, or it
ecan be caleulated by multiplying the square of the diameter by
(.785.

This method enables one to make a rough eomparison of the
number of organisms oecurring in the localities examined, but to
determine the number per volume the following method must be
employed.

RererExce. H. 477.

EXERCISE 67. QUANTITATIVE DETEEMINATION OF NUMEER OF
BACTERIA IN AIR (PeTrI-SEDGWICK).

(GENERAL DIRECTIONS.
a. A piece of glass tubing 6 mm. (14 in.) in diameter by 15 em.
(6 in.) long is drawn out at one end in a gas flame and sealed.

b. Fill this tube about one-third full with granulated sugar,
insert a cotton plug next to the sugar, and one at the end of the tube

(Fig. 25, A).

!
|
.’ﬂ.
!
{
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¢. Sterilize in the hot air sterilizer for 1 and 145 hours at 130°
C. (sugar melts at a higher
temperature).

d. Fasten the tube,
pointed end up, in a elamp,
remove the first cotton
plug and conneet with an
aspirator (Fig. 26).

¢. Break off the pointed
end of the tube and draw a
A B measured quantity of air

through the sugar.

b. [T SPECIAL DIRECTIONS.
L a. Filter 50 liters of
e. r . - Fia. 26. Aspirator for
b. Dissolve sugar in 10 filtering air.
— ce. of sterile water (water-blank) and make

Fia. 25, Apparatus for fil- 1 1%
tering mr t rnuuh BlUgAar. plates, DI 1 ce. of the mixture.

A, ready for sterilization; i =
B, point broken off and at- ¢. Incubate, count colonies as above and es-

tached to aspirator; a and timate the number of organisms per liter of air.

&, cotton plugs; ¢, sugar: i
d, clamp;: ¢, rubber tube.

REFERENCES. A. 604; H. 477; L. & K.
392; M. & R. 123 ; McF. 230.

EXERCISE 68. WATER ANALYSIS.

CoLLEcTiON. Water for analysis must be
collected in a sterile vessel. A test-tube or flask
may be used in the laboratory, but when the
colleetion 1s made outside a sterile glass-stop-
pered bottle should be wused. In collecting,
speecial eare should be taken to get a fair sample;
if the water be in a reservoir, or the like, the
bottle should be filled below the surface to avoid
the seum and away from the bottom to avoid the
sediment. Fig. 27 shows a form of apparatus
used to take samples in deep water. If some
time must necessarily elapse between the collee- Fro. 2. Russell's

Water Sampler. a,

- ; 1 1 it & test-tube f hich
tion of the sample and its examination it should ek ol

he packed in ice. Speeially eonstructed shipping 2::1?3? r‘:ﬂﬂﬁ}_‘fﬁ

¥ A < . : weight to be dropp
cases are used in most laboratories. e b e

wm —
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tles or fruit jars, filling to a uniform level: these are then to be
placed in a flat bottomed pail
(Fig. 29) which is to be filled
with water and heated to 71°
C. (160° F'.). Remove source
of heat, cover and allow te FEIEo=T=—=|
stand 30 minutes. Remove
bottles and cool as guickly as
possible without danger to
;._::1355_ Fia. 20, Home-Made Pasteurizers.

b. Determine bacterial content of pasteurized product by mak-
ing plates. A dilution of 100 will probably be sufficient. Express
results so as to indieate per cent. of organisms destroyed by the
process. Compare the keeping qualities of the pasteurized pro-
duct with that of the raw milk by
keeping samples of both under similar
conditions, e. . in locker or ice chest,
making frequent observations.

Pasteurized milk should not have
a permanently cooked taste.

Ll

‘-.II|||:

RererenceEs. H. 485; Wis. Exp.
Station Bull. No. 44 and 18th. An.
et Rept. 185. Russell, Outlines of Dairy
Fig. 30. The Freeman Pasteurizer. Bacteriology, (5th Edit.) 113.

EXERCISE 72. TESTING ANTISEPTIC ACTION OF CHEMICALS.

(3ENERAL DIRECTIONS.

a. Fill a number of test-tubes with a measured quantity of agar
(5 ee).

b. Add to the agar varying but measured amounts of the sub-
stance to be tested. If the antiseptic be not volatile, or affected by
heat, sterilize.

¢. Inoeulate the tubes thus prepared, together with a control,
with B. coli or M. pyogenes and make rolls.

d. Keep these enltures under observation in the ineubator.

e. If no growth appears within 96 hours repeat the experiment,
using smaller amounts of the antiseptic. In this way determine the
amount of chemieal (in %) which just prevents growth.

Specral, DirecrionNs. Test in this way carbolie acid (5 %),

aleohol (95 % ).
REFERENCES. A. 619; H. 506; M. & R. 140 ; McF. 248.

I
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CHAPTER VIII

ANIMAL INOCULATION AND STAINING OF
BACTERIA IN TISSUE

EXERCISE 97. ANIMAL INOCULATION.

MeraODS OF INoCcULATION. Animal inoculation is practiced to
determine the pathogenic properties of an organism and also the
character of the tissue changes produced. The animals eommonly
used are white miece and white rats, rabbits, guinea pigs and pigeons.
Inoculations are usually made subeutaneously, intraperitoneally
or intravenously, and in special cases into the pleural eavity, brain,
eve, ete., ete.  Mice require a holder, the inoculation being usually
made at the root of the tail. Other animals can usually be held by
an assistant.

Subcutancous. The place selected is usually the abdominal wall.
Pigeons are inoculated in the pectoral museles; the hair or feathers
should be removed and the skin washed with a disinfectant, e. g., 5%
carbolie aeid.

a. For liquids a sterilized hypodermic syringe is used. A fold
of the skin is raised, the needle of the syringe inserted and the
requisite amount of material injected.

b. For solid material a pocket is made which is stitched, or sealed
with contractile eollodion, after the material is introduced.

Intraperitoneal. Either liguids or solid material may be intro-
duced.

a. For liguids. The seat of inoeulation is prepared as above, the
syringe needle is then plunged directly into the peritoneal eavity.

b. For solid material. The animal is anesthetized: the hair is
elipped or shaved from a portion of the median line, about half way
between the pubis and the sternum; a slit is made in the skin with
sterile instruments; the smallest possible opening is made along the
linea alba into the peritoneal cavity and the material introdueed;
the wound closed and the body wall and the skin stitehed separately.
Tt is hardly necessary to add that the whole operation is earried out
under the most striet aseptie precautions. Collodion saes are intro-

dueed in this way.

L L S
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Collodion Sacs. The use of the eollodion sae has recently become
very eommon and deserves deseription as one of the necessary labor-
atory procedures. The diffieulty in making these saes has been
largely overcome by recent methods. One of these is the following :
Small-sized test-tubes are selected. Thick eollodion is then poured
into the tube to a depth of two inches. The ecollodion is then
poured out along one side of the tube into another tube and from this
one to another and so on until the required number is obtained. The
desired length of the sac can be secured in all of the tubes by tipping
and rolling them, thus bringing the collodion into eontact with the
glass to the proper height. As the tubes are coated they are placed,
mouth down, in a wire basket or test-tube rack as indicated in Fig.
34, 1}. In this way the extra collodion drains off and free access of
air dries and hardens the collodion, leavine a thin coat covering the
inner surface of the tube. The thickness of the coat depends on the
consistency of the collodion. A ten per eent. collodion, in equal
parts of aleohol and ether, makes a sufficiently thick coat for ordi-
nary purposes. The drying may be stopped at any point by filling

if

Fig. 3. Preparation of Collodion Sac: 1, Tube inverted to allow the extra ﬂguiindiﬂn
to drain off and the film to air-dry. 2, Sac ready for sterilization; (A) Surgeon’s knot:
(B) Ends of cord; (C) Tongue of collodion. 3, Sac ready to be inoculated into animal.

the tube with water and after standing a few minutes the collodion
shrinks and the sac may be easily removed. The sacs are then filled
from one-fourth to three-fourths full with bounillon. They are then
immersed in a test-tube of the medium. The sacs are held in posi-
tion in the test-tube by means of the tongue formed by the collodion
flowing out of the tube. This tongue is folded over the lip of the
tube. (Fig. 34,2, C.) Before, however, the sac is put into the test-
tube a piece of cotton or silk cord is placed around the sac near the

s i et Tl
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top and held in position by means of a surgeon’s knot, loosely drawn.
The cord should be quite stout so that the sae can later be tightly
closed. The ends of the cord are brought outside of the tube as
shown at B, Fig, 34, 2. Sterilization may be accomplished either in
the autoclave or by means of the intermittent method of sterilization.

The medinm is inoeulated by means of the platinum needles in
exactly the same way in which tube eultures are ordinarily inocu-
lated. The sae thus inoeulated should be ineubated for twenty-
four hours and if the medinum outside of the sae remains elear the sac
may be used. Otherwise it wonld be discarded.

The tube is placed in a tumbler or test-tube rack. The sac is
then pulled out of the tube until the cords can be drawn tight so as
to close the sac and seeurely tied. With sterile seissors the end of
the sac is eut off a few millimeters above the constrietion. If there
is any moisture on the inside of the sae above the neek this must be
removed with sterile filter paper and then a few drops of a thin
solution of collodion is placed in the neck so as to hermetically seal
the sac. The long and contaminated ends of the cord are now cut
off, the sac dropped back into the test-tube, and the eotton stopper
replaced. (Fig. 34, 3.) The sac is now ready to be placed in the
body eavity of an animal. (Frost.)

The method of inoeulation is especially useful in inereasing the
virulence of attenuated forms, and in producing immunity in ani-
mals to indiece the agelutinating and lysogenie properties in the
blood.

RererENcEs. Harris, C. £. B. 1., 1902, 32: 74 ; Frost, Proe. Am.
Pub. H. A., 1903, 28, p. 536.

Intravenous A rabbit is generally chosen for this purpose and
the inoculation made into an ear vein. Of the three branches of
the vena auricularis posterior, the ramus lateralis posterior is the
smallest, but, due to the faet that it is the most firmly imbedded in
connective tissue, it is mueh more easily entered than the others.
The artery forceps (Fig.
35, a) are used to gorge the
vessel and are, of course,
removed before the mate-
rial is injected. Avoid the
introdunetion of air, which
canses immediate death,
and keep the animals un-
der close observation for

Fig. 35, Dorzal view of right ear of rabbit.
one hour, i, artery foreeps; b, syringe.

5
!
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Inoculation into Lymphatic system. TFluid eultures, or suspen-
sions of bacteria, can be injected into the lymphatics by way of the
testicles, by plunging the point of the needle into the substance of
the testicle and injecting the desired amount of fluid,

Inoculation into the Plewral Cavity. Where necessary the needle
is introduced into the pleural cavity between the ribs. It is very
diffieult to perform this experiment without injuring the lung.

Inoculation into the Anterior Chamber of the eye. Rarely prac-
ticed. The eye is treated with a few drops of eocaine (2% solution)
and then the needle is inserted through the eornea just in front of
its junetion with the sclerotie, the needle passing into the anterior
chamber in a plane parallel to the plane of the iris.

STERILIZATION OF INSTRUMENTS. These are best sterilized by
boiling in a solution of soda or borax for 15 minutes. This is ac-
ecomplished in an especially designed apparatus or in an ordinary
enamel stew pan. In case of emergencies the instruments may be
dipped in benzine or aleohol and burned. This is less injurious to
the instruments than heating in the direct flame.

Use blank, p. 308 for preservation of data. -

OBSERVATION OF INOCULATED ANIMALS, After inoculation the
animals should be placed in separate cages, or, if placed together,
they must be deseribed or
marked =o as to be easily identi-
fied. Fig. 36 shows a simple
cage made of galvanized iron
with soldered seams. After use
it is sterilized by boiling water
in it. The wire door is covered
with a eloth to prevent the too
rapid eseape of steam.

Fig. 36. Wesbrook's sterilizable, gal- The inoculated animals must
eaias L IEg I A, be kept under constant observa-
tion and the following conditions noted :

a. Temperature,

b. Loss of weight.

¢. Peculiar position in cage.

d. Loss of appetite.

¢. Condition of the coat or hair.

f. Condition of the seeretions of the air passages, conjunctiva
and kidneys; diarrhea or hemorrhage from the bowels.

g. The condition of the seat of inoculation.

|
)
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The animals should be fed regularly, weighed at the same hour
each day and the temperature taken at the rectum.

PosT MorTEM EXAMINATION,

Perform the autopsy as soon as possible after death. When
delay cannot be avoided, place the animal in the ice-chest until such
time as is convenient.

A

a. Inspeet externally and note presence and character of any
lesion.

b. Sterilize a suitable post-mortem board with eorrosive sub-
limate solution, 1 to 1000, place the animal belly upwards and
tack the four legs fast to the board.

¢. Wash the surface of the thorax and abdomen with corro-
sive sublimate solution, make an inecision through the skin at
the pubis, introdueing one blade of the scissors, and extend the
incision as far as the chin.

d. Carefully dissect the skin away from the abdomen, thorax,
axillary, inguinal, and eervical regions, and fore and hind legs,
and pin it to the board as far as possible from the thorax and
abdomen. It is from the skin that the chanees of contamination
are greatest.

B. All ineisions from now on are made with sterilized instruments.

a. Take an ordinary potato-knife, heat it quite hot, and place
it on the ahdomen in the region of the linea alba until the faseia
begins to burn; the knife is then held transversely to this line
over the center of the abdomen, making two sterilized tracks
through which the abdomen may be opened by erucial ineisions ;
two burned lines are also made along the sides of the thorax.

b. Make a central longitudinal ineision from the sternum to
the genitalia with sterile scissors, the abdominal wall being held
up with sterilized foreeps, or a hook, to prevent the viscera being
injured. A transverse incision is made in a similar manner.
Clut through the ribs with strong sterilized seissors along the
sterilized tracks on the sides of the thorax, when the whole ante-
rior wall of the thorax is easily lifted and entirely removed by
severing the diaphragm conneetions.

¢. When the thoracic and abdominal cavities are fully exposed,
a ecareful examination of the organs and surroundings is made
without disturbing them.

Plates (Petri-dishes) or roll cultures are prepared from the
blood, liver, spleen, kidneys, and from any exudates present.
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The method is as follows:

(1) Heat a sealpel and scorch a small surface of the organ from
which the eultures are to be made.

(2) Heat the scalpel again and penetrate the capsule of the
organ with the point, and through the opening insert a stout ster-
ilized platinum loop, push it into the tissmes, twist around, and
obtain enough material from the center of the organ to make the
culture. Cultures from blood are usually made from one of the
heart cavities, the surface being seared with a hot knife before
opening.

As soon as the culture material is obtained, eover-glass speci-
mens are prepared from each organ and from existing exudates.

Small pieces of each organ are also preserved for future exam-
ination.

When the autopsy is finished the remainder of the animal should
be burned® and the instruments should be sterilized (see p. 300).
Wash the post-mortem board with sublimate solution. The cover-
elasses and other material likely to eontain infectious matter must
also be sterilized when of no further use.

Cultures are to be ineubated at 38° C., growth examined miero-
scopically, and by means of sub-cultures.

Use blank on p. 308 for preservation of data. Fig. 37 shows the
method of making a post-mortem and the location of the most im-
portant lymphatie glands.

RerereNceEs. The above is taken largely from Bowhill, 74 ; see
also A. 230; N. 260; and other texts.

CommoN LABORATORY IXPERIMENTS.

The following inoenlations are those most frequently made:

Streptococeus erysipelatos. Mice or rabbits, intravenous.

M. pyogenes var. aureus. Rabbit, intravenous.

Sarcina tetragena. Guinea pigs and white mice, subcutaneous.

Bacterium anthracis. Guinea pigs or rabbits, subcutancous.

Bacterium cholerae. Rabbits and pigeons, subcutaneous.

Bacterium pneumoniae. Rabbits and mice, subcutaneous.

Bacterium pnewmoniae. Rabbits and mice, subculaneous with
sputum.

Bacterium pneumonicum. Mice and young rats, intraperi toneal.

Bacterium tuberculosis. Guinea pigs, rabbits and field mice,
subcutaneous or intraperitoneal.

t For small animals a muffle furnace does very well,
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EXERCISE 98.

MEDICAL BACTERIOLOGY

PREFARATION OF TISSUE FOR EXAMINATION.

Portions of the diseased tissue, removed at autopsy, should be
eut into eubes having edges about 5 mm. long and treated as follows :
1). Fixing. Use 15 or 20 times their volume of 95% aleohol
for 24 hours. The specimens should be placed on cotton to keep

them near the top and the aleohol changed after 3 or 4 hours,

It

they are not to be sectioned immediately carry to 80% alcohol.
Where larger sections are desired they should be left a longer

time in the aleohol.

2). PREPARATION FOR SECTIONING.

Jt-'l
Parafin Wethod.,
|
€. Absolute aleohol 6-24 hours,
|
0. Xylene 6-24 hours.
|
¢. Parafin melting at 50* C.
and kept In an oven or water-hath
fat a temperature a few degrecs
above the melting point of the
paraffin 3-12 hours.
I
if. Embed. Pour melted par-
affin Into a paper bhox or other
sultable receptacle and with warm
forceps arvange block of tissue in
proper position and cool rapldly
by plunging Into cold water.

I

3). SECTIONING.

B,
Celloidin Method

|
. Mixture of ether and
abzolute aleohol  (eqgual
paris) 24 hounrs,
|
b. Thin ecelloldin (2bout
6% 24 hours to several
weeks,

¢. Thick celloldin (about
12%%) 24 hours to several
woeks,
I

. Remove block of tis-
gue to o plece of wood fiber
covered with thick cel-
lnidin, oriemt. dry a few
minutes in air, then place
in B0% alecohol for G6-24
hours.

4). MANIPULATION OF SECTIONS.
a. Celloidin sections can be preserved in 809 aleohol and are best

B

Freezing Meothaod.

|

a. Place In
formalln 2 hours.

]

h. Place tissoe on
plate of freezing mi-
crotome in water, or,
better, first soak tis-
sue In a syrapy so-
lution of gum arabic
and moisten plate
with same before
freezing,

1%

Cut seetions from 10-12 g thick.

stained by placing the sections first in water and then in the stain.
The various reagents are best used in wateh glasses and the sections
transferred from one to the other by means of a section lifter,

b. Paraffin seetions should be fixed to the slide or cover-glass as
follows: A water-bath is heated up to a few degrees below the
melting point of the paraffin, the sections are placed on the water
where they will straighten out and are then transferred to the slide,
or, more conveniently to the cover-glass, by simply dipping the same
into the water and drawing up the section by means of the fine
point of a pair of foreeps, or a needle, draining off the water and
drying the seetion in an ineubator for a few hours. The sections are
more secure if the cover-glasses are first smeared with a thin coat of
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EXERCISE 101.—EXAMINATION OF SPUTUM.

DrermwiTioNn, By this term is meant all of the material derived
from the air passages by the act of conghing or hawking,

Meraop oF CoLLEcTioN. For diagnostic purposes it is best eol-
lected in a salt-mouthed bottle (about 2 oz. capacity) whieh has been
sterilized. The morning sputum is best, and, before being collected,
the mouth should be rinsed out with water.

OraanisMs Most Commonty Founn.,

Bacterium tuberculosis.  Place the sputum in a Petri dish over a
black surface and select one of the little cheesy masses, if these be
present, and smear it on a cover-glass. Where these particles are
not present a loop or two of the thick portion is nsed. The cover-
glass preparations are to be stained by one of the following methods:

a. Gabbett, see Part 1, p. 62.
b. Ziehl-Neelsen :

1. Carbol-fuchsin ten times through the flame (5 to 10 min.).

2. Nitrie acid (30% ) momentarily.

3. Water.

4. Aleohol (60%) until red color disappears. It may be
necessary to immerse preparation in acid a second time, but care
must be exercised to prevent extraction of dye from tubercle bae-
terium.

5. Loeffler’s methylen blue, 1 minute.

6. Mount and examine.

While the tubercle bacteria may he detected when present in
considerable numbers with a 1-6-inch objective, when there are few
present, a {&-inch oil immersion will be necessary, and this ought to
be used to search all slides where the tubercle germ has not been
found with a lower power. A mechanical stage 1s a great conven-
ience in a systematic search.

At least two preparations shonld be stained and thoroughly exam-
ined before a negative result is pronouneed.

The viscosity of sputa may be overcome and the bacteria con-
centrated, where the number is very small, by 1) Ribbert’s method
which consists in the addition of a 2% solution of caustie potash and
boiling. This dissolves the mueus, and the hacteria are then de-
posited with the sediment. This sediment can be obtained by allow-

' Ravenel recommends use of 59 nitrie acid in 80% aleohol, elaiming that
there is no danger of decolorizing the tubercle bacilllus no matter how long

the contact.
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a rusty color, due to presence of blood (rusty sputum). The ¢ pneu-
mococeus’’ is readily seen in such material when stained by Gram’s
method or with carbol-fuchsin and momentarily washed with aleo-
hol, as lancet-shaped organisms with outer ends pointed and sur-
rounded by a elear area—the capsule. The capsule can be easily
stained by Welch’s method. (See 27.)

This organism is also frequently found in the sputnm of healthy
persons and small numbers may be detected by means of animal
inoculation. The rabbit or mouse is most susceptible and should be
inoculated subeutaneously. As a result of infection with this orean-
ism the animal dies quickly with a typical septicemia, the miero-
organisms being found in great numbers in the blood current.

Bacillus pestis.  This miero-organism is frequently found in the
sputum, especially in the pneumonie form of the disease—for meth-
ods of detection see 108.

Streptothriz bovis (actinomyees). This organism has been ocea-
sionally found in sputum and in such cases the peenliar morphology
of the colonies is well brought out by Gram’s method. See 105,

REFERENCES. v. J. 114; Si. 245. See also various texts under
particular organisms,

EXERCISE 102. EXAMINATION OF ELOOD.

CovrrLEcTioN. For serum test (Widal reaction) the blood may be
collected and dried (see below), but in other cases where enltures are
to be made, the blood must be collected aseptically in sterile recepta-
cles and hermetically sealed. For this purpose Sternberg’s bulb is
excellent. The skin should first be sterilized by use of corrosive sub-
limate or carbolie acid followed with aleohol.

It is usually well in any case to make cover-glass smears at the
bed-side for microscopical examination. These are best made as
follows: Place a drop of blood about the size of a pin head on a
perfectly clean cover-glass and then place a second cover-glass on
this; this flattens the drop of blood out into a thin film. TImmedi-
ately and before coagulation can take place the two are drawn apart
horizontally and the films allowed to dry. (Cabot.)

Bacterium anthracis. TIn case of animals dead of suspected an-
thrax, blood or portion of spleen should be removed with least pos-
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a. Make a hanging drop preparation from a 24 to 72-hour old
agar, or bouillon, eulture of Bacillus typhosus.

b. If the bacilli be actively motile, remove the cover-glass, add
to the culture a small drop of a solution of typhoid blood (diluted
from 10-50 times), return the cover glass to the slide and seal well
with vaselin.

¢. Examine with a high dry power (1-6 in obj.) rather than with
the oil immersion.

The dilution is made in the following way : Nine drops of sterile
water are placed around the drop of dried blood. (The drops of
water should be of about the same size as that of the original drop of
blood.) The drops are all mixed together and allowed to soak up
the blood for about two minutes. In this way an approximate dilu-
tion of one to ten is obtained. Ome drop of this is added to the
hanging-drop eulture. This gives a dilution of one to twenty which
is the one usually employed. ;

More exact dilutions of dried blood may be made by weighing out
the blood and adding it to a measured amount of water.

Where possible the blood should be colleeted so that the clear
serum may be separated and used for the test. This can be done in
hospital work and wherever it is possible to et the blood to the
laboratory a few hours after it is eollected. For this purpose a glass

pipette is prepared by drawing out a glass tube, as indicated

in Fig. 39, which represents the pipette natural size. The

skin is cleaned and the blood drawn as indicated above and

when a large drop has collected on the skin one of the points

of the pipette is introduced when the blood is drawn up by

capillary attraction. The bulb ought to be about one-half

filled. The pipette is then placed in a horizontal position

until the blood has eclotted, when it may be taken to the

laboratory. It should then be placed in the ice chest, still

in a horizontal position, for two or three hours. The end

which was used to draw up the blood is then seratched with

a file and broken off. By holding the tube in a vertical

e position the eclear serum may now be dropped from the

Ei;;;tg_ﬂ opposite end into a glass or porcelain capsule. The clear

serum is then taken up with a elean capillary pipette and a

drop placed in another capsule and then after rinsing out the same

pipette is used to add the requisite number of drops of bouillon or

salt solution to make the required dilution. The test is then made
in exactly the same way as described for the dried blood.
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In a typieal reaction the motility is almost immediatelv affected,
and soon motion ceases altogether while the bacilli collect in clumps,

Fia. 40. Widal Reaction. I. B, typhosus before adding typhoid blood; II, A typical
reaction.

£i

i. €., become ‘‘agelutinated.”” (Fig. 40.) The usual time limit is

thirty minutes when the dilution is 1 to 50.
REFERENCES. V. J. 45; Si. 100. See also texts under particular

Oroanism.

EXERCISE 103. EXAMINATION OF FECES.

The material expelled from the reetum and comprising the sub-
stances from the food and the secretions of the alimentary tract come
under this head. The number of micero-organisms oceurring here is
enormous, and comprise a large number of species and among them
several pathogenic forms particularly B. typhosus, Msp. comma,
Bact. tuberculosis and Awmocha coli.

Bacillus typhosus. This organism oceurs in the feces in the case
of typhoid patients; but on account of the large number of other
orzanisms its detection is very diffieult. The following methods are
the most serviceable :

A. Parierri’s Mermop. This method consists in adding Parietti’s
solution (earbolie acid 5 erams, hyvdrochlorie acid 4 grams, and dis-
tilled water 100 ce.) to bouillon in the following manner: A num-
ber of tubes of bouillon have a varying quantity of the above solu-
tion added, e. g. 1 drop to one tube, 2 to another, 3 to another, and
go on. These tubes are inoculated with a small quantity (one or two
loops), of the feces and then placed 1n the 38° C. immeubator. Twen-
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the plexiform ganglion of the pneumogastric nerve and the gasserian
ganglion. Normally, these ganglia are composed of a supporting
tissue holding in its meshes the nerve cells, each one of which is
enclosed in a eapsule, made up of a single layer of endothelial cells
(Fig. 41, B). The action of the rabie virus seems to exereise its
effect on these cells, particularly, bringing about an abundant mul-
tiplication of the cells forming this capsule, leading finally to the
complete destruetion of the normal ganglion eell and leaving in its
place a collection of round eells (Fig. 41, C). Ordinarily a con-
siderable number of ganglion cells will be found which have under-
rone only a slicht change, but under certain conditions the process
is so widespread that all the ganglion cells are destroyed. The in-
tensity of these changes varies in different animals; they are per-
haps most pronounced in the dog, less marked in man and still less
in the rabbit.’’—Ravenel.

RerereENcES. Jour. Comp. Path. and Thera., 1901, 14: 37 ; Rav-
enel, Bull. 79 Penn. Dept. of Agri. 1901; Bailey, Jour. Exp. Med.,
1891, 5: 549.

Fia. 41. Tllustrating Method of Rapid Diagnosis of Rabies. A. Dissection of upper
neck of Dog (after Vallé). 1, Plexiform ganglion; 2, Cervical ganglion. B. Section of
normal ganglion of dog (after Croeq. Jul. de Neurologie, V; 13). C. Section of plexi-
form ganglion of rabbit dead of rabies, capsules filled, or partially filled, with new
formed cells (after Ravenel).

EXERCISE 107. EXAMINATION OF MATERIAL FROM HUMAN
AUTOFPSIES.

At human autopsies smears from the organs should be made on
cover-glasses and afterwards stained and examined. Plate-cultures
should also be made from the various organs. In all cases the sur-
face from which the material is to be obtained should first be burned
to avoid infection of eultures with extraneous germs. Portions of
the various organs should also be preserved and hardened in aleohol.
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‘ b. Ordinarily the organisms are very sparse and large quantities
must be used. 100-1000 ce. are placed in flasks and 1% of peptone
and 0.5% salt are added, the fluid made alkaline and incubated at
38° C. for 6-24 hours. Then gelatin plate cultures are made from
the upper layers and the suspieious colonies worked up as above.

Here and in typhoid the agelutination of the germ with great
dilution of a high potency serum is the erucial test.

Bacterium anthracis (Robert’s Method.)

a. Heat suspected water to 80° for ten minutes to kill water
bacteria.

b. Make plates in agar and in gelatin and work up colonies.

¢. Inoculate a guinea pig with several cubic centimeters of the
water.

RerFErENCES. Horroeks and Prescott & Winslow.

EXERCISE 109. EXAMINATION OF MILE FOR PATHOGENIC
BACTERIA.

Bacterium diphtheriae.

Where Bacterium diphtheriae is suspected in milk, make a con-
siderable number of streak eultures on Loeffler’s blood serum and
ineubate at 38° C. from 8 to 12 hours, stain and examine miero-
scopically. ;

Bacterium tuberculosis.

Hammond’s method of examining milk for B. tuberculosis. See
Sputum, 101,

Animal Inoculation.

USE OF MAIL FOR TRANSMISSION OF BACTERIA.

Concerning the transmission of material containing bacteria in mails, see
Postal Guide, 1898, Ruling No. 82, p. 901, part of which is as follows: *‘ That
the order of the Postmaster-General of June, 1893, forbidding the use of
mails for the transmission of specimens of germs of cholera or other diseased
tissues, is hereby modified to this extent: Specimens of diseased tissue may
be admitted to the mails for transmission to United States, State or munie-
ipal laboratories only when inclosed in mailing packages constructed in
accordance with the specifications hereinafter enumerated. Upon the ontside
of every package shall be written or printed the words: ‘Specimen for Bac-
teriological examination.” No package containing diseased tissue shall be
delivered to any representative until a permit shall have first been issued by
the Postmaster-General, certifying that said institution has been found to
be entitled, in aceordance with the requirements of this regulation, to receive
guch specimens.’’
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