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which should be taken to avoid cholera. The first looks
to the exclusion of living cholera spirilla from the gastro-
intestinal tract; the second refers to preserving any
natural resistance, particularly on the part of the intes-
tine, to injury due to the presence of that organism in
the intestinal contents. It is believed that the foxins
produced by the cholera spirilum are nof absorbed
through intact intestinal epithelium, but gain entrace to
the circulation only after the epithelium has become
damaged, necrosed, or desquamated. Therefore all diet-
ary indiscretions which might cause intestinal irritation
are to be avoided. Over-fatigue and exposure to cold
are to be carefully guarded against. But it appears wise
not suddenly to change the ordinary mode of life, but
simply to follow the usual habits in a temperate manner.
The free use of aleohol appears to be extremely danger-
ous. Those addicted to its use are particularly suscep-
tible, and when attacked by the disease the prognosis is
bad in people of intemperate habits. Carein the charac-
ter of the food is important. All articles which might
carry infection should be avoided entirely, or partaken
of only after being cooked. This is especially the case
with water and milk, which should be heated to the boil-
ing point. Prolonged boiling is not ne ary, but to
insure the death of the spirillum it is safest actually to
boil liquid articles of food. It has been recommended to
take acid drinks, such as very weak hydrochloric acid, as
a prophylactic measure, but it seems doubtful whether
this is a Wise measure, in view of the danger to the diges-
tion if sufficient acid be taken to act as an effective agent
in killing the spirillum. Particular care should be exer-
cised against infection by those attending cases of
cholera. They should disinfect the hands immediately
after they have come in contact with the dejecta or vomi-
tus from the patient. A two- or three-per-cent. solution
of carbolic acid, 1 in 1,000 solution of mercuric chloride,
or a solution of “chloride of lime” may be used for this
purpose. It is possible that peroxide of hydrogen might
find useful application for this purpose and in cleansing
the patient, particularly for rinsing the mouth; its free-
dom from toxic properties and odor and its acid reaction
particularly commending it.

The public measures for preventing the spread of
cholera must be directed toward the destruction of the J
spirillum, and, when that is not possible, the checking
of its dissemination. Each case that occurs must be
garded asa possible centre from which other cases may
arise. The patient must, therefore, be isolated and the
utmost care taken to destroy all the spirillain the dejecta
and vomitus, on the bedding and clothing, and on the
hands or persons of those attending him. As the patient
must be kept as quiet as possible, the evacuations must
be received in a bed-pan and disinfected before being dis-
posed of. For this purpose milk of lime has been found
very efficacious. This may be prepared as follows: One
volume of quicklime, which must not be air-slaked, is
placed in a large vessel containing an equal volume of
water. This is gradually absorbed by the lime, which
then falls to powder. Three volumes of water are then
added and the whole is stirred to a thin creamy fluid. Of
this equal parts should be added to the dejecta and the
mixture allowed to stand for an hour, when disinfection
may be considered complete. Fresh “chloride of lime”
may also be used, a large heaping tablespoonful of the
powder being added to each quart of the evacuations and
thoroughly mixed with them. In half an hour the mixt-
ure may be regarded as harmless. The hands of the
attendants-should be disinfected immediately after com-
ing in contact with the patient. The supernatant fluid
obtained by mixing 2 parts of fresh “chloride of lime ”

and 100 parts of water, shaking, and allowing the sedi-
ment to settle, may be used, or a two- to three-per-cent.
solution of earbolicacid, or 1 in 2,000 corrosive sublimate.
These solutions may also be used to cleanse the patient.
Sheets and linen may be soaked in 1 in 1,000 solution of
corrosive sublimate, the above solution of carbolic acid,
or in a three-per-cent. solution of green or soft (potash)
soap, with or without the addition of five per cent. of
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crude carbolic acid. The fluid must completely cover
the articles. The simple soap solution must act for
twenty-four hours; the carbolized soap solution will dis-
infect within twelve hours. Weak formalin, two per
cent., may also be used where its odor and irritating
properties are unobjectionable. In emergencies, where
facilities for carrying on such disinfection cannot be ob-
tained, boiling or burning may be employed to destroy
the spirilla.

The bodies of the dead should be disinfected or
wrapped in a sheet wet with 1 in 1,000 corrosive sub-
limate solution, and placed in a tight coflin upon a layer
of some absorbent material. The sick-room must be dis-
infected with sulphurous acid or formaldehyde, or thor-
oughly washed with 1 in 1,000 corrosive sublimate, and
be well aired and dried out before being again occupied.

Harold C. Ernst.
Revised by Edward K. Dunham.

BACTERIOLOGICAL TECHNIQUE.—The methods for
the artificial cultivation of bacteria are of fundamental
importance in bacteriology, and for that reason deserve
very careful consideration. Nutrient media of various
kinds are used, but the three most commonly employed
are bouillon, gelatin, and agar. These in turn may be
variously modified as the needs of the work may require.
In addition, other media are used, such as blood, serum,
exudates, eggs, urine, milk, potatoes, and the like.
These will be severally considered.

BoutLLoN.—To prepare beef tea, or bouillon as it is
called, 500 gm. of lean, chopped beef (Hamburger steak)
are placed in a suitable enamelled vessel or in a one-and-
a-half-litre flask and 1,000 c.c. of ordinary tap water are
added, and the whole is thoroughly mixed. This may now
be set aside in an ice-box for twenty-four hours so as to
bring the soluble constituents into solution; or, what is
preferable, it may be placed in a water-bath and warmed
at a temperature not exceeding 60° C. for an hour. In
this way the nutrient substances are dissolved out and
much time is saved. It is not desirable at this point to
heat the fluid above the temperature given, inasmuch as
that would lead to the coagulation of the albuminous
constituents, which, if they are allowed to remain in solu-
tion, will facilitate the subsequent clarification of the
medium. When the digestion is completed, whether
carried out at a low temperature or in the water-bath, the
liquid is strained through well-washed, starch-free mus-
lin, or the juice may be expressed by means of a meat
press. The liquid thus obtained is of a dark red appear-
ance, due to the presence of heemoglobin.

One thousand cubic centimetres of the meat extract
are then placed in a clean flask or v 1, and 10 gm. of
dry, powdered peptone (Witte’s) and 5 gm. of common
salt are added and the whole is then warmed at about 55°
to 60° C. till the peptone has dissolved. 'The next step is
to render the medium suitably alkaline, since bacteria as
a rule require aslightly alkaline soil. This manipulation
requires special care, for, if improperly done, the finished
product may be cloudy, or may even have a deposit, or
may even be unfit for the growth of bacteria. The
clouding and the formation of a precipitate can be avoided
by boiling the meat extract after adding just enough al-
kali to neutralize the fluid. For this purpose 5 c.c. of
normal sodium hydrate (four-per-cent. solution) are added
to the litre of meat extract. This amount is usually
sufficient to make the extract neutral to litmus. The
liquid is then heated in a boiling water-bath or over a
free flame for about fifteen minutes, after which it is fil-
tered through a moist plaited filter and allowed to cool
to about 50° C. As stated, bacteria thrive best when the
medium isslightly alkaline. Hence 10 c.c. of the normal
sodium hydrate are now added to impart the desired
alkalinity, after which the liquid is again boiled for
twenty to thirty minutes, and finally filtered through

moist paper.

Inasmuch as considerable water is nusually lost by vap-
orization during the preparation of the medium, it is
advisable either to indicate the volume at the beginning
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of the operation by a suitable mark on the vessel, or, bet-
ter, to take the weight of the fluid before and after heat-
ing. The difference in the volume or weight is finally
np‘ufe up by the addition of the corresponding amount of
distilled water. The finished bouillon should make up
to the original volume of meat extract, that is, 1,000 c.e
_ The beef tea thus prepared is now filled into tubes or
into flasks, as the ease may be, and sterilized by steam
TI'his process will be described later. Tt is hardiy neces.
sary to add that the bouillon after being tubed and steri-
lized should be perfectly clear, without a deposit “and
should have a slight alkaline reaction. : s

For cultivating the gonococeus Thalmann recommends
using the ordinary bouillon, to which has been added two-
thirds to three-fourths of the amount of alkali ne
malke it neutral to phenolphthalein.

Sugar-free Bouillon.—The bouillon as just prepared
a,_I\r ’'s contains some sugar derived from the muscle
tissue employed. For many purposes this sugar content
is uml(-sir;xi_)]v, and must be removed in some :\\':1\'. One
procedure is to allow the meat extract to ferment at a
low temperature, 10° to 15° C., for twodays. Another is
to place the meat extract at 37° (. for twenty-four hours
Neither one of these methods will give resnits which can
be relied upon. The best procedure is toadd to the meat
extract arich fluid culture of some acid-producinge orean-
ism, such as Bacillus coli (Smith), or B. lactis :1:"‘-_11){"::1(-:
(Durham), and then set it aside to ferment at d? f_' .I"(;.l;
twenty-four hours or longer. The frothy liquid is then
carefully neutralized by the addition of normal sodium
hydrate, peptone and salt added, then boiled, cooled. and
rendered alkaline accerding to the directions given I[.lltit‘l'
the preparation of bouillon. The sucar-free bouillon
thus prepared does not contain indol, ag mieht at first be
supposed. It is preferable to the Dunham peptone solu-
tion mentioned below for testing for the presence of indol
since a good reaction is given in sixteen hours, whereas
the cultures in Dunham’s solution often require H'("\‘(‘i"'\-]
days before giving a positive test. G

‘U-’_Ifﬁ’r'u'a‘ Bouillon.—The thoroughly mixed meat sus-
pension (500 gm. of chopped beef and 1,000 c.c. of \\':11(-.1-1
i b aside at about 87° C. for twenty hours so as to de-
stroy the sugar normally present, The liquid is then
strained through well-washed muslin, and to 1,000 c.c. of
the filtrate 5 gm. of common salt are added, after which
the liquid is neutralized and finally rendered alkaline by
the addition of 7 ¢.c. of normal alkali per litre of bouillon
Ordinary peptone is not added, inasmueh as it is likely to
contain sugar. Instead, Martin adds to this bouillon an
equal volume of a rich peptone solution made by dicest-
ing the stomach of a pig. This latter solution iHi.JI‘('[Jl.‘:n'('(.l
as follows: A pig’s stomach is cleaned and cut up into
small pieces, and to 200 gm. of this finely divided tissue
1,000 c.c. of water and 10 c.c. of concentrated hydro-
(‘.m(."‘1 ¢ acid are added and the mixture is set aside at 50
C. for about twelve hours. The digested fluid is then
decanted threugh a filter of absorbent cotton and the
strongly acid reaction is reduced by the addition of 25
c.c. of a sixteen-per-cent. solution of sodium hydrate
T'he liquid is then carefully neutralized, after which it is
rendered alkaline by the addition of 7 c.c. of normal so-
dium hydrate per litre. The mixture of equal volumes
of the sugar-free bouillon and the peptone solution is
lu.-au]«d, filtered, and tubed or placed in flasks. e

Peckham’s Bouillon.—This is made by taking finelv
chopped beef, which must be as old as it can be obtained
in order that it may be free from muscle i.n[-':n"mul( add
ing 225 gm. of it to 500 c.c. of water. The fniuu;v is
rendere ightly alkaline with sodium carbonate, after
\\'lnc:l_l it is placed in a water-bath at 40° C., and 4 om. of
brypsin are added. After digesting for-an hour the E]kuinl
S again rendered alkaline with sodinm ecarbonate. In
from one to one and a half hours the dizestion \']'mit-lnl be
arrested, otherwise traces of indol may be {il'“'l(_'lt'!l At
the end of this period the mixture is boiled and strained
through gauze and filtered cold throuch wet filter {121]l('l'
toremove the fat. Five grams of salt and enough water

cessary to

the clear straw-colored filtrate is then reduced to the de-
sired point. The most suitable reaction for the develop-
ment of colon and like bacilli is when the medium (‘u‘}l-
tains such an amount of free acid as to require from 20
to 30 c.c. per litre of a decinormal sodium-hydrate %1:]:1—
tion to bring it to a point neutral to plwrm[phthal(‘if)

Artificial digestion of muscle tissue by means of per
and trypsin is resorted to in the prepars f De
agar.

I_J_Hm’mm‘.w Peptone Solution.—This is prepared by dis-
solving 10 gm. of Witte’s peptone and 5 gm. of common
salt in 1,000 c.c. of ordinary tap water. The solution is
then tubed and sterilized by steam. This medium is
used to detect the formation of indol by bacteria. but in-
asmuch as many organisms fail to grow in it and others
require several days before giving a reaction, it has not
h:‘_':_-n found to be as suitable as the sugar-free hoﬁi]lnn
given above. & ai

(r'hh‘u.:"(' Bouillon.—This is used to test for acid and gas
production. It is made by adding to the ordinary bouil-
lon, or better to that which is sugar-free, one or two per
cent. of glucose. The two-per-cent. solution is most
commonly employed. The sterilization of sugar-con-
taining media by steam requires special eare to bprovvm-
oxidation of the carhohydrate present. As a rule the
steaming should not exceed ten or fifteen minutes each
day on three successive days. B

Instead of glucose other carbohydrates may be added
to the bouillon in one- or two-per-cent. concentration
Thus galactose, lactose, saccharose, maltose, dextrin ﬁ](i
the alcohol mannite are frequently used to diﬁ"‘(-rcnll‘iato
between organisms which otherwise closely resemble
each other. g :
. Glycerin Bowillon.—Thisis especially used for cultivat-
ing the tubercle bacillus. Tt is made by adding five I;«-i-
cent. of glycerin to the ordinary bouillon. ']‘il(?lllittul-'c
is then tubed and sterilized in the usual way :

Carbolic Bowillon.—This is made so as to contain 0 1
per cent. of carbolic acid. One gram of acid may be
added to one litre of bouillon. The better procedure is
toadd 1 c.c. of a one-per-cent. carbolic acid to 9 c.c
of bouillon. It is advisable to incubate the tubes for
several days so as to climinate any possible contamina-
tion. [h.e medium is useful for examining water for li(m
colon bacillus, especially when the bacterial contents aré
very high. The presence of the mntisrplié serves to
check or prevent the growth of many organisms which
would otherwise develop. It should be borne in mind
that weak colon and typhoid bacilli are likewise re-
strained. ; . g
The tubes after inoculation with the water are incu-
Hill'c-nl for twenty-four hours at 88° €., after which iuttﬂSO
litmus agar plates are made, which are then examined
for red colonies. Of course all red colonies are not to be
regarded without further study as the colon bacillus,

‘urietti’s Bowillon.—A mixture of carbolic acid and
hydrochlorie acid is first prepared by adding 4 c.c. of the
latter to 100 c.c. of a five-per-cent. carbolic solution.
I'his solution after standing a few days is added in pm‘:
tions of 0.1, 0.2, 0.3 c.c. to portions of 10 c.c. each of
sterile bouillon.

Colored Bouillon,.—Various coloring agents are added to
the nutritive media in order to bring out the acid-produe-
ing or the reducing properties of bacteria. The sub-
stances which are most commonly used for this purpose
are litmus, nentral red, saffranin, and sodium indigo sul-
phate. The first two are particularly useful, and are
prepared the same as the corresponding agar or relatin
media, which see. S =
GELATIN. —The ordinary nutrient gelatin is really
nothing more than bouillon to which ten per cent. of
gelatin has been added so as to impart solidity with the
additional advantage that the medium is transparent
The method of preparation is as follows: To 1,000 c.c. of
tl_u_- meat extract, prepared according to the directions
given under bouillon, 100 gm. ot the best sheet gelatin

: 3 psin
ration of Deycke’s

to make up to one litre are then added. The acidity of |

are added; likewise 10 gm. of Witte’s peptone and 5 gm.
of common salt. The whole is then warmed in a water-
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hath at 60° O. until the gelatin has passed into solution.
The liquid is then neutralized and eumlgln_ alkali added
in excess so as to impart a suitable alkalinity. As gl‘dl-
narily prepared the nutrient gelatin requires from 30 to
35 c.c. of normal alkali to effect neutralization. An
additional 10 c.c. will give the desired alkalinity. lIenm_-
40 c.c. of the normal alkali may be added at once and 11‘;.1-
liquid tested with litmus paper. If the lnimd is not dis-
tinctly alkaline more of the reagent may be added until
the desired alkalinity is obtained. The method of stand-
ardizing media by means of phenolphthalein will be
given later. ;
” When the proper amount of alkali has been :uld_c.d to
the zelatin solution the latter is then placed in a water-
bath, the water of which is then raised to the ]ml’llli__{
temperature. The gelatin is kept immersed in .tll(‘r{E‘l]L;
tively boiling water for three-quarters to one hour. 1e
albuminous constituents of the meat extract f“l\:lf_;ll];\l@
in flakes, and at the same time clarify the liguid so that
on subsequent filtration the gelatin will be _]:m‘i:_:r'll‘f'
clear. The gelatin is then filtered through a plaited filter,
which should, however, be first '\\"(l!"il!l’(l by passing
through it several hundred cubic centimetres of l_n:}lmg]'
water. If the paper and funnel are sufliciently Warme
in this way there is no likelihood of the gelatin solidify-
ing on the filter. Thefiltered gelatin should be perfectly
clear, should possess a slight alkaline reaction, and should
solidify when cooled under running tap water. If it
meets these requirements it is then filled into sterile
tubes to a depth of one and a half to two inches, and the
entire lot of tubes are then sterilized by steaming for a
quarter of an honr on each of three consecutive days.
Whenever nutrient gelatin is mentioned in hm'h-nnlcjgl-
cal work it is understood to be a ten-per-cent. solution,
This medium melts at about 25° C, Tha warm sum-
mer temperature, and for that reason it is somefimes
advisable to add more gelatin to the preparation in order
to make it more solid. A twelve- or even a fifteen-per-
cent. solution of gelatin is used under these <-unchlmn.\:,
Again, at other times it is desirable to employ a gelatin
which is relatively quite soft, and in that case a five- or
¢ight-per-cent. solution may be made use of. Obvicusly
the amount of alkali necessary to neutralize such media
will vary from that required for the ordinary aelatin,
The great value of the gelatin medium IIE_'S_!H.HW fact
that if can be readily melted and again 1'(-5:r~1.1111h_ml. and in
its transparency. Moreover, many bacteria give rise "f
soluble ferments or enzymes which peptonize or h.quvf_\
the eelatin, whereas ofhers are not able to do this. 1t
becomes possible therefore to divide bacteria 11_11'0 1‘.\\;)
large groups, according as to whether they liquefy or do
not liquefy gelatin.
f'z‘fwf'usc' “Gelatin.—This is made by adding to the clear
filtered gelatin, prepared as above, two per cent. of glu-
cose. The material is then tubed and sterilized the same
as ordinary gelatin. This medium is particularly useful
for the cultivation of anadrobic bacteria. £
Glucose Litmus Gelatin.—To the glucose gelatin a con-
centrated solution of litmus is added so as to impart 10
the medium a deep blue color. This is then tubed amd
sterilized. During the steaming of this medium the lit-
mus is usually decolored, but on subsequent cooling the
blue color returns. If such a medium is overheated in
the process of sterilization the sugar will be altered, 'mull
as a result the color of the litmus will change to more o
g5 of a red.
¢ For special purposes other sugars may be added to the
gelatin, as in the case of bouillon. A lactose litmus
gelatin is very useful in differentiating various organ-
fsms. The amount added is usually one or two per cent.
Elsner’s Mcdium.—The addition of gelatin to a potato
extract, instead of to a meat infusion, was first _l‘l‘sm‘lm]
to by Holz. Elsrer's medium is essentially _Ilul;!,ls potato
gelatin, to which one per cent. of potassium iodide is
added. It can be used to good advantage in differen-
tiating between the typhoid and colon bacilli, but :H‘thll‘
same time it should be remembered that it doesnot afford
an absolute means of detecting the former organism.
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| The method of preparation is as follows: l.OOQ £m. of
well-cleaned potatoes are cuf up into lumps which are

| then mashed as fine as possible, “"hl(_-h can be done 1})@5;

| by passing the maferial through a fruit press. T.h{‘: f!ne-

i 1y mashed potatoes are then placed in a meat press imln}
pressure is applied. In this way about 400 c.c. OE adark
liguid is obtained from the kilogram of potatoes. llnc
potato juice is then set aside in an ice c-hn':u‘b overnig ity

| after which it is filtered through cotton. Ten per cent.
of gelatin and one per cent. of potassium iodide are then

| added to the dark liquid, and the mixture is warmed at

| about40° C. until the gelatin melts. Inasmuch as the re-
action of this material varies (-1'::141d@'nh_l3j it is necessary
‘ now to determine the exact degree of acidity present, and
then to reduce this by the addition of the proper amount
| of alkali, so that the resulting medium has an acidity
such that it would require the addition of 20 c.c. of nor-
| mal alkali per litre to make Ihc‘snhmou _ncu‘nnl.. ]hfa
| acidity of the gelatin is determined by titrating a por-
| tion, say 10 c.c., with decinormal sodium hydrate, using

litmus paper as an indicator. If, for -:".\'an‘l.pl::, 1()70..(:.
| require 3.2 c.c. of the decinormal alkali, it \.\111 be neces-

sary to reduce the acidity by adding 1.2 c.c. of decinor-
| mal alkali, or better 0.12 c.c. of normal alkali for every

10 c.c. of gelatin made. When the proper degree of

acidity has been imparted to the medium, the gela{.{n is

then placed in a boiling water-bath for threc-quarters of
| an hour until all the proteids have (_\nugullnicd. after
which it is filtered through paper, filled inte sterile
| tubes, and sterilized by steaming for fifteen minutes on
| each of three consecutive days. ) :
Fish Gelatin.—Five hundred grams of {-hoppu(} fish
| are added to 1,000 c.c. of water, =}ml 1hy material is
digested the same as given above for ordinary gelatin.
| To the strained liguid 100 gm. of gelatin, 40 gm. of salt,
5 gm., of glycerin, and 5 gm. of asparagin are ud‘:lnd, and
the mixture when perfectly fluid is rendered slightly al-
lcaline. It is then heated, tubed, and sterilized as above.
This medium is particularly useful for the growth of
osphorescing bacteria. : )
I’i‘.‘{'jlrfﬁnf ;ifﬂr.—t)ln; drawback to the ordinary gelatin
| is that it cannot be used as a solid medium at temper-
atures above 23° C. This has led to the introduction of
| noar-agar as a stiffening agent. This substance
weed sathered oft the coast of Asia. It has no nutritn
:|1|;1|it‘il>‘5 of its own, and is 1111:1('1}1[1 upon by hatcmr:l-a_,
The preparation of nutrient agar 1s very simple. 0»:.(.11'
| nary bouillon is first made according to the directions

I already given. The agar may be (meuw{} as a powder

‘ or in threads: in the latter case the agaris cut up into
very small pieces, and 20 gm. (two per cent.) is then
added to the litre of bouillon, which shoul‘d be in a large
flask. or, better, in an enamelled jar. The vessel and

| contents should then be weighed, after which the liguid

| should be gently boiled until the agar has completely
| dissolved. The vessel is now :ag_:ain‘ weighed, and the

‘ difference between the two weights 1s made up by the
addition of the proper amount of distilled water.

‘ It is advisable to place the agar now in a water-bath at
about 50° C. for several hours in order to allow the sedi-
ment to settle as much as possible. The filtration of a
two-per-cent. agar is a very slow and tedious process

| even when carried out in a steam sterilizer. 1t is sufli-
cient for practically all purposes to filter through a layer

‘ of cotton. The filtrate thus obtained is almost, if not
entirely, clear, and whatever little sgwliuu?m; may be
prg—seni does not in the least interfere with the usefulness
of the medium. : : ;

The filter is prepared by placing a piece of m‘dmr{r‘y
| cotton, about two inches square, in the angle of a large

| funnel, and then while it is held down by means of a
olass rod, a litre or so of very hot water 1s passed
through, once or twice, so_as thoroughly to warm the
funnel. Bventually the sedimented agar is carefully and

| slowly decanted on to the cotton filter. If desirable the

| aoar can be filtered a second time. A very convenient
arrangement for the rapid filtration of agar through cot-
ton is shown in Fig. 5052. This consists essentially of
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a Witte's perforated porcelain plate, which is steadied
in place in the funnel by means of a glass rod which
passes through the centre. The plate is covered with a
layer of cotton on which a sim-
ilar porcelain plate is placed to
prevent the cotton from float-
ing. The funnel is inserted into
a strong vacuum flask, which is
connected with a Chapman air
pump. Boiling water is first

assed through the filter to
warm it thoroughly, after which
the agar is added and suction ap-
plied. As soon as the pump be-
gins to act the top plate can be
removed.

When it is desired to make a
perfectly clear medium it should
be made with only one or one

and a half per

cent. of agar in-

stead of two per

cent., as given

above. Suchagar

F1G. 5052.—Filtration Through Cotton Over is softer and can

a Porcelain Plate. (Novy.) be passed through

a previously

moistened filter paper, especially if the funnel is placed

in a steam sterilizer or in a funnel-shaped copper water-
bath, such as is shown in Figs. 5053 and 5054.

The filtered agar is then tubed and sterilized by steam-
ing one-half hour on each of three consecutive days, after
which it is kept in an upright position. When it is de-
sired to make inclined or slant agar tubes, as many of
these as are needed are melted in a water-bath and then
inclined so that the agar comes within an inch of the cot-
ton plug.

Thalmann’s Agar.—Five hundred grams of meat are
boiled for one-quarter of an hour with 1,000 c.c. of dis-
tilled water, after which the mass is made up to the origi-
nal weight and strained through muslin. One per cent.
of peptone and 0.5 per cent. of salt are then added, and
the liquid is boiled, after which it is again made up to the
original weight, cooled, and filtered. One and one-half
per cent. agar is then added and the weighed liguid is
boiled in a concentrated salt-water bath for about three-
quarters of an hour, after which it is again made up to
the original weight. Thirty cubic centimetres are then
titrated with normal sodium hydrate, using phenol-
phthalein as an indicator. The
amount of alkali necessary to
neutralize the entire amount of
agar is ascertained and two-
thirds of this guantity is then
added, in portions and while
shaking, to the agar. After
heating fifteen minutes the ma-
terial is filled into tubes.

According to Thalmann and
others this medium is adapted
for the cultivation of the gono-
coccus, especially for diagnostic
purposes. A little of the pus
is mixed with the water of con-
densation, and then by means of
a wire, rod, or cotton swab the
suspension is thoroughly spread
over the surface of a series of
inclined ftubes or over Petri
F1G. 5053. — Double-waHea dishes. These when kept for

Hot-Water Funnel. twenty-four hours at 86°-37°

show small, glistening colonies,

which are single or confluent and appear like highly
refractive drops.

The medium is not suitable for subecultures, and Thal-
mann recommends that the colonies be transplanted to
serum bouillon. This is prepared by adding to some
bouillon two-thirds to three-fourths of the amount of

L
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alkali needed to nentralize the liquid. After heating and
filtering, an equal volume of hog serum is added and the
mixture tubed. The tubes are inclined and heated for
one to two hours at 70° on the first and also on the sec-
ond day, and for one hour at 100° on the third day. Ac
cording to Wassermann hog serum is just as good as
human serum for cultivating the gonococcus.

Glucose Agar.—This is made by adding to the filtered
agar, or to so much of it as may be wanted, two per
cent. of glucose. e medium is then tubed and steri-
lized in the ordinary way. It is used especially for the
growth of yeasts and anarobi¢ bacteria. If desired it
may be colored with lifmus as in the case of gelatin.

Lothberger’s Neutral-red Agar.—This can be made by
adding to a 0.3 per-cent. glucose agar one per cent. of
a saturated aqueous neutral red solution. The typhoid
bacillus does not change the color or produce gas,
whereas the colon discharges the red and leaves a fluor-
escing color. The inoculation can be made either by
planting a shake culture or by making a stab culture,
which can then be covered with a layer of agar to
exclude air changes. The addition of neutral red to
bouillon is of service in water examinations (Irons,
Jordan).

Lactose Litmus Agar.—This medium was introduced by
Wurtz, and is very useful in differentiating between the
typhoid and colon bacilli.

Acid formation in the case
of the latter is indicated by
a change in the reaction of
the litmus. If this medium
is made by the addition of
two per cent. of lactose and
litmus to the ordinary agar
it will be found that even
typhoid bacilli will give a
slight acid reaction. This,
however, is not due to the
fermentation of the lactose,
but to the small amounts of
muscle sugar derived from

meat. It is therefore

ible that the agar for

3 purpose should be made
out of sugar-free bouillon,
which can be prepared ac-

cording to the directions FIG.5054.—Singie-Wall Hot-Water
already given. Prolonged Hunnel with Ringpurer.
boiling of the agar must be

avoided, inasmuch as the agar itself, since it is a com-
plex carbohydrate, may split off some sugar.

It is often preferable to make the plain lactose agar
and to add to the tubed and sterilized medium, whenever
needed, by means of a sterile pipette, a sterile litmus
solution. Obviously other indicators, such as rosolic
acid, neutral red, etc., may be added in the same way.

Glyeerin Agar.—To the ordinary nutrient agar pre-
pared as above, five per cent. of glycerin is added. The
addition of glycerin serves to keep the surface of the
medium moist, and at the same time imparts nutritive
qualities to the agar. This medium is very valuable for
the growth of diphtheria, glanders, pneumonia, and tu-
berele bacilli.

Mannite Agar.—Mannite, which like glycerin is a
polyatomic alcohol, was first used by Norris and Hiss as
a means of differentiating the typhoid from the dysentery
bacillus. The latter organism does not give rise to acid
production when grown on mannite media, whereas the
typhoid bacillus does. The agar should be prepared
from sugar-free bouillon, and to it one or two per cent.
of mannite is then added. Litmus may be added to the
bulk medium before it is tubed, or the sterile litmus solu-
tion may be added to the sterile tubed agar by means of
a pipette whenever needed.

Pfeiffer’s Blood Agar.—This is made by spreading over
the surface of ordinary inclined agar a few drops of hu-
man blood. On the surface thus prepared he was able

to cultivate the influenza bacillus. The blood from the
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lower animals can be used in like manner to good advan-
tage. o

The human blood required for this and similar pur-
poses can be drawn without difficulty by means of a ster-
ile syringe from the large median veins just below the
flexure of the elbow. The superficial circula-
tion should first be diminished by means of a
rubber tube tied about the middle of the arm.
The surface of the skin over the vein to be
punctured is thoroughly cleaned by means of
a disinfecting solution, such as mercuric chlo-
ride or lysol. The needle of the sterile syringe
is then introduced into the vein, and as the pis-
ton is slowly withdrawn the syringe fills with
blood. Five or ten cubic centimetres of blood
can thus be obtained in a few minutes. When
the needle is withdrawn a compress of cotton,
soaked in mercurie chloride, should be applied
to the wound. The blood must be at once
transferred to either the surface of inclined
agar or to previously melted agar, cooled to
50° . In the latter case it is mixed at once,
and the tube is then set aside in an inclined
position to solidify. ; :

Blood Agar Mizture.—As just deseribed hu-
man blood may be mixed with melted agar,
cooled to 50° C., after which the mixture may

be allowed to solidify in an inclined
position. For diagnostic purposes
this procedure has bcen} 1.1t{'llizz.-d1 1:_1!
EE detect the presence in the blood o
Fr‘»'f;).?w““:?&?,-’iﬂ%&? typhoid lm(l*illi, gonococei, and other
; organisms. Instead, however, of al
lowing the blood mixture to solidify in the tube it is
poured out into a sterile Petri dish, and in this way a
blood-agar plate is obtained, on which evenfually rr‘nl-
onies of the suspected organism may develop. The
presence of a very few organisms can thus be d‘eie(‘ied
in 1 or 2 c.c. of blood, which would not be possible by
direct examination or by staining. The amount of blood
which is added to the agar may be varied according to
circumstances. Thus it may be one to four, one to two,
or even one Lo one.

Blood from the lower animals can be drawn under
strictly aseptic conditions into sterile Nuttall's blood
pipettes, or into the modified form of Novy, shown in
Fig. 5055. This can be easily made from test tubes of
various sizes, according to the kind of animal to be bled.
Thus a five-eighth by five-inch test tube may be used for
bleeding a mouse or rat, while a one- by t!l{'_‘_‘l]t—]u(:]l tube
would be used in the case of a rabbit. The bottom of
the test tube and the end of a piece of glass tubing are
softened in the flame of a blast lamp and then brought
together. A narrow blast flame is then directed against
the test tube about an inch from the bottom. On slow
rotation in a horizontal position a 111.'1(.-kuned constriction
results, and as soon as this is sufficiently thick the two
ends are pushed apart sirm'_]y, A tapering capillary re-
sults, which is then scaled in the flame at a point about
two inches from the tube proper. The tube is then
plugged with cotton and sterilized by dry heat. ‘When
it is desired to prepare sterile defibrinated blood a drawn-
olt tube or a narrow glass rod is passed through the cen-
tre of the plug. By moving this about, after the blood
has been received in the pipette, complete duflbr}nnt}tm
can be obtained, and that without any contamination
from the outside. ;

In the case of the larger animals the blood is best
drawn from the carotid artery. For this purpose the
animal is anmsthetized and the artery c.\‘pc..vsu} for about
an inch. After the first incision it is _m.l\‘u.cnhlo to avoid
the use of cutting instruments, and 1118t(\a(l to separate
the tissues with the fingers. Pressure forceps are then
applied at the distal end of the artery. Another pair are
then applied about an inch below this point. A finger is
then placed under the cimm_ww:l portion of the artery r&“d
a very slight opening is madeinto the blood-vessel. I'he
blades of a very narrow pointed pair of forceps are then
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introduced into the opening, and, when distended, the
tip of the sterile blood pipette can readily be introduced.
Before this is done, however, the tip should be scratched
with a file, then broken off, and the open end should be
flamed for & moment to insure sterility and to round off
the sharp edge. As soon as the pipette is in positir‘m 11}{;
lower clamp is removed, when the blood rapidly rises in
the tube. If defibrinated blood is desired, the blood
should be stirred by an assistant. 'When serum is wanted
this stirring is omitted. ssoon as blood ceases to flow,
the pipette is removed and the tip is scaled in the blast
lamp. 2

Obviously in the case of small animals, such as the
mouse or rat, this procedure is mnot npplicuhlu. The
blood may be drawn up into a syringe from the artery.
A much better way, however, which has been used for
several vears in the author’s laboratory, is to take the
blood directly from the heart into a small pipette of the
same form as that used for the larger animals. For this
purpose the thorax is opened, the heart is freed from the
pericardium and raised by means of oval-tipped forceps.
The end of the pipette is'then introduced into the right
ventricle. Suction may be applied to the c1_1d of the
pipette in order to obtain the fullest possible yield.

Blood can be drawn from very large animals, such as
the horse, by introducing a trocar into the jugular vein.
This is the procedure which is followed in the prepa-
ration of antitoxins. The trocar is connected by means
of ashort rubber tube with a glass tube, which isinserted
into the receiving cylinder. In this way several litres of
blood can be drawn from the horse at each bleeding.

In ordinary laboratory work the blood which has been
collected in the glass pipettes is then transferred to melted
acar, which has been previously cooled in the water-bath
to 50° ¢. The amount of blood which is added to each
tube will vary with the purpose in view. It may be one
part of defibrinated blood to ten of agar, or one _tc‘) five,
one to two, or one to one, as the case may be. Excep-
tionally two to one and three to one are used. The
blood is then mixed with the agar and the tubes are set
aside to solidify in an inclined position. The transfer of
the blood to the tubes is best accomplished by means of
a sterile drawn-out bulb pipette,
such as is shown in Fig. 5084, e.

The blood agar thus prepared
requires no further sterilization,
forif the operation has been prop-
erly carried out no organisms will
be present. The tubes can be
used for culture purposes at once,
or they may be kept for several
days to allow any organisms
which might be present to de-
velop. This blood medium is in-
valuable for the cultivation of
various pathogenic organisms.
On such media it has been possi-
ble,. for example, to
grow for the first time
pathogenic - protozoa

the trypanosoma
Lewisi of rats and the
trypanosoma  Brucei,
the cause of nagana or the tsetse
fly disease (Novy and McNeal).

" Serum Agar.—This is made.by
adding variable amounts of ster-
ile serum to the melted agar,
which has been cooled to 50° C. e
in the water-bath. The serum
can be obtained by collecting the yrg. 5056.—Blood Pipette
blood, as given above, in sterile of Latapie.
pipettes. The blood is allowed
to clot, and eventually when the serum has separated
it can be drawn up into sterile bulb pipettes and trans-
ferred to the melted agar. The largest yield of serum
is obtained by using the Latapie pipette shown in
Fig. 5056. This consists of am inner tube, which is
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freely perforated and the narrow, outer end of which
is drawn out into a capillary for insertion into the
blood-vessel. This tube is held in position within the
outer one by means of a rubber stopper. The outer
receiving tube, which is about an inch in diameter, is
provided with two side tubes, one of which is drawn
out and sealed while the other is plugged with cotton.
The entire pipette is first sterilized by steaming in an
autoclave. The tip of the inner tube is then broken,
flamed, and inserted into the carotid artery of a rabbit or
other animal. The blood should not fill the pipette be-
yond the inner tube. The tip is then sealed and the
pipette is allowed to remain in a vertical position until
the blood has firmly clotted. It is then inverted and the
serum, as it is squeezed out of the clot, falls to the bot-
tom. The purpose of the perforated inner tube is to
allow more complete shrinking of the clot. The serum
drains away at once from the clot, and is therefore per-
fectly clear. When it is desired to remove the serum
the tip of the side tube is scratched with a file, then
broken off, and the end is flamed to insure absence of
bacteria. The tube is then inserted into a sterile test
tube or flask and by blowing info the other side tube the
serum is forced out. It can then be distributed to the
agar ‘tubes by means of a sterile bulb pipette. These
are then allowed to solidify in an inclined position., As
in the case of blood agar the medium prepared in this
way is perfectly sterile, if thé manipulation is properly
carried out. Inasmuch as sterilization by heat is
avoided, the proteid constituents of the serum remain in
as near to the native condition as possible. Such sernm
agar makes an excellent medium for the pneumococcus
and for other organisms. Obviously, serum-agar plates
can be prepared, if it is so desired, in which case the
melted and cooled agar is inoculated with the organism
to be cultivated, after which the serum is added and
mixed with the agar, which is then poured out into
sterile Petri dishes, |

Serum agar, made by adding human blood serum to
melted agar, has been used for the cultivation of the
gonococeus (Wertheimer).  Ascitic or pleuritic fluid may
also be added to agar in the proportion of one part of the
fluid to two parts of the agar. Such agar is used espe-
cially for the cultivation of the gonococcus. The aseitic,
pleuritic, or hydrocele fluids may be sterilized by frac-
tional sterilization or by filtration through a Berkefeld
filter under pressure.

Wassermann’s Serum-Nutrose Agar.—This also has
been found useful for cultivating the gonococcus. Five
cubic centimetres of hog serum are added to 30 to 35
c.c. of water, 2-3 c.c. of glycerin, and 0.8-0.9 gm. of
nutrose. Nutrose is a sodium phosphate casein com-
pound, and when added to serum prevents coagulation
on boiling. The solution is boiled for twenty minutes,
after which it is added in equal parts to two per cent.
peptone agar in test tubes. This mixture is then poured
into Petri dishes. Nutrose has been used also in the
preparation of the Drigalski-Conradi agar. Hog serum,
which is said to be as good as human serum for cultivat-
ing the gonococcus, has been employed also by Thal-
mann.

Drigalsii and Conradi Agar.—This is a meat-peptone-
nufrose agar containing lactose, litmus, and crystal vio-
let. The preparation isasfollows: 1. A mixture of three
pounds of meat and two litres of water is allowed to
stand for twenty-four hours; the expressed meat juice
is then boiled for one hour and filtered. To the fil-
trate are added 20 gm. of Witte’s peptone, 20 gm. of
nuirose, 10 gm. of sodium chloride, and the whole is
boiled for one hour and filtered. To this filtrate 60 gm.
of agar are added and the liquid is boiled for three hours,
or one hour in anautoclave. It is then rendered alkaline
to litmus paper, boiled half an hour, and filtered. 2. A
solution of litmus is prepared according to Kubel-Tie-
mann as follows: The powdered commercial litmus is
repeatedly extracted with hot distilled water. The
liguid is acidulated with dilute acetic acid and evapor-

ated to syrupy consistence on a water-bath. The thick

fluid is then diluted by the gradual addition of ninety-
per-cent. alcohol, transferred to a flask, and an excess of
ninety-per-cent. alcohol is added. This precipitates the
blue pigment, while the red dye and the potassium ace-
tate remain in solution. The precipitate is filtered and
washed with alcohol, then dissolved in distilled water,
after which the solution is warmed and filtered. The
filtrate is then added gradually to very dilute sulphuric
acid (one or two drops of acid to 200 ¢.c. of water) till
the color changes to a wine red. The concentrated blue
is then added till the blue color is restored; 260 c.c. of
this litmus solution are boiled for ten minutes, then 30
gm. of pure lactose are added, and the boiling is con-
tinued for fifteen minutes. 3. The hot litmus is added
to the hot agar, mixed, and the reaction is made slightly
alkaline; 4 c.c. of a hot sterile solution of ten-per-cent.
anhydrous soda and 20 c.c. of a freshly prepared solution
of 0.1 gm. of crystal violet in 100 c.c. of warm sterile
water are then added, after which the material is filled
into tubes or flasks. Excessive heating should be
avoided, inasmuch as it alters the lactose. The crystal
violet is intended to restrict the development of the un-
important bacteria.

The Drigalski-Conradi medium has been recommended
for the isolation of the typhoid bacillus.. For this pur-
pose the freces should be diluted with ten to twenty vol-
umes of salt solution. The authors employ large plates,
15-20 em. in diameter. The agar is poured into the

es to a depth of at least 2 mm., and the cover is then
kept off till the moisture has dried off the surface of the
agar. By means of a 5 mm. glass rod, bent at right
angles and previously dipped in the suspension, a series
of streaks are made over a number of the dishes. The
inoculated plates are then kept at 87° C. for twenty-four
hours. The colon colonies are large, opaque, and red,
while the typhoid are small, glassy, and resemble dew
drops. 'The further identification of the suspected colony
is made by applying the agglutination test and by grow-
ing in Rothberger’s neutral red agar.

Gelatin Agar.—Several formulas have been proposed
for the preparation of this medium. Each finds its spe-
cial application. That of Capaldi was recommended for
the isolation of the typhoid bacillus from feces. Tt is
made by dissolving 20 gm. of Witte’s peptone, 10 gm. of
gelatin, 10 gm. of glucose or of mannite, 5 gm. of so-
dium chloride, and 5 gm. of potassium chloride in 1,000
c.c. of water. The solution is filtered and two per cent.
of agar is added and dissolved by boiling, after which it
is rendered alkaline by the addition of 10 c.c. of normal
alkali. The filtered solution is then tubed and sterilized
by steaming.

Stoddart’s medinm is a gelatin agar which contains five
per cent. of gelatin, one per cent. of peptone, and a half
per cent. each of agar and of salt. A litre of meat ex-
tract is prepared in the usual way. In this 10 gm. of
peptone and 5 gm. of salt are dissolved, and the solution
is then divided into two parts. To one portion ten per
cent. of gelatin is added, and when this has dissolved,
the solution is neutralized and an excess of 10 c.c. of nor-
mal alkali per litreis added. "The other half of the meat
extract is likewise neutralized, and then 10 c.c. of the
normal alkali are added per litre to impart the requisite
reaction. The liquid is then measured or weighed,
boiled, and filtered. Five grams of cut agar are added
to the bouillon, which is then boiled until the agar dis-
solves. Distilled water is added to make up to the origi-
nal volume or weight, after which the two liquids are
combined and allowed to sediment. The entire product
is finally filtered through cotton or, better, through
paper. The medium is filled into tubes which are then
steamed for fifteen minutes on each of three consecutive
days. To use this medium, it is poured out into sterile
Petri dishes, and when solidified the centre is touched
with the organism to be tested. The typhoid bacillus,
on account of its motility, spreads rapidly over the sur-
face as an almost transparent growth, whereas that of
the colon bacillus spreads less and is easily visible.

Guarnieri’s gelatin agar is made in a somewhat similar
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manner. Three grams of powdered agar are emulsified
with 50 c.c. of distilled water, and this is then added to
a solution of 50 gm. of gelatin in 750 c.c. of meat extract.
The whole is boiled till the agar has dissolved, when a
solution of 25 gm. of Witte’s peptone and 5 gm. of salt
are added. The entire liquid, which now makes up to
one litre, is then carefully neutralized with normal alkali,
using litmus as an indicator. The medium is tubed and
sterilized as usual. It has been used to advantage in the
cultivation of the pneumococcus.

Weil's Meat- Potato Agar.—The potato juice is pre pared
as in the method of Holz or Elsner; 300 c.c. of this are
added to 200 c.c. of slightly alkaline bouillon; 3.75 gm.
of agar are then dissolved in the liquid, thus yielding a
0.75-per-cent. agar solution. The typhoid bacillus pre-
sents threaded colonies on this medium, the same as
in Elsner, Hiss, and Piorkowski media.

Substitutes for the Meat Infusion.—In the preparation
of the foregoing media a meat infusion served as the hasis
in each case. In special instances, but not as routine
procedure, these media may be modified by using - the
commercial Liebig’s beef extract in place of the meat in-
fusion. The chief advantage lies in the fact that the
beef extract can be kept always on hand. At the same
time it must be remembered that media made up with
such extract are by no means as nutritious as those made
up with the meat infusion. The amount of Liebig’s ex-
tract which is used varies with different workers. In
general, from 1 to 3 gm. are added to one litre of water;
5 and even 10 gm. are also used. To this solution pep-
tone and salt may be added in the usual amounts. The
liguid when rendered alkaline and filtered constitutes a
Liebig's extract bouillon. In the same way gelatin and
agar media are prepared.

Peptone Substitutes.—Several compoundshave been sug-
gested as substitutes for Witte's peptone. In Martin’s
and Peckham’s bouillon and in Deycke’s agar this peptone
is replaced by that which is formed by the digestion of
the musele tissue. Inother media derivatives of albumen
or casein are employed. Heyden’s “ Nihrstoff” is a
digested egg albuminate, while nutrose is a casein com-
pound. The addition of lecithin, protogen, and hemo-
globin, ete., is made with the object of improving the
nutritive qualities of the media.

Hiss’ Tube Medium.—This is used as a means of test-
ing for the typhoid bacillus. Tt is made by adding 5
gm. of Liebig’s extract, 5 gm. of salf, and 5 gm. of agar
to 1,000 c.c. of water. The mixture is then heated until
the agar has dissolved, after which the water which is
lost by evaporation is replaced and then eight per cent.
gelatin is added. As soon as the gelatin has dissolved,
the liquid is partially neutralized by the addition of nor-
mal alkali. The reaction is left acid, and to such an
extent that it would require 15 c.c. of normal alkali per
Jitre to make the solution neutral to phenolphthalein.
The liguid is then cooled to 60° C. and cleared by the
addition of the white of an egg stirred up in about 25
c.c. of water. The liquid is then boiled for a few min-
utes, after which 10 gm. of glucose are added. After
sedimentation at 50° C. the medium can be filtered through
paper or cotton and tubed. This medium is used only
for stab cultures. Diffusion of the growth through the
medium in the case of very motile organisms, such as the
typhoid bacillus and the production or absence of gas,
are the criteria sought for.

Hiss® Plate Medium.—Hiss utilized the tendency of
the typhoid bacillus to form threaded colonies when
grown on soft media, as a means of differentiation from
the colon bacillus. The medium, as first proposed, con-
tained 15 gm. of agar, 15 gm. of gelatin, 5 gm. each of
Liebig’s extract and of sodium chloride, 10 gm. of dex-
trose, and 1,000 c.c. of distilled water. This was cleared
by the addition of the whites of two eggs and filtered
through absorbent cotton. The reaction was left acid,
and of such extent that it would require the addition of
9 c.c. of normal alkali to make it neutral to phenolphtha-
lein. Subsequently Hiss made various modifications of
thig formula, eliminating the unnecessary constituents.
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The simplest combination, which was found to give ex-
cellent results, was made by adding 15 gm. of agar and
5 gm. of Liebig’s extract to 1,000 c.c. of distilled water.
No acid or alkali was added. The medium was cleared
by the whites of two eggs and filtered through cotton.
Plate cultures, made at 37° C., show excellent differentia-
tion between the coloniesof typhoid and colon bacilli in
twenty-four hours, The former show threaded colonies,
the latter do not.

Hesse's Nihrstoff-Heyden Agar.—The “ Nihrstoff-Hey-
den " is an albumose made from egg albumen. It should
first be stirred up in a beaker with a little water, and
then added to the liquid. For cultivating the tubercle
bacillus the medium consists of: 5 gm. Nihrstoff-Hey-
den, 5 gm. salt, 80 gm. glycerin, 10 gm. agar, and 1,000
c.c. of distilled water; 5 c.c. of normal soda solution are
added. The latter represents a 14.3 per cent. of the
erystalline salt (Na.CO; -+ 10 H;0) and not 28.6 per cent.,
as stated by Hesse. The Hesse-Niedner agar, which has
been recommended for the study of water bacteria, is
made by dissolving 7.5 gm. of Niihrstoff-Heyden and 12.5
gm. of agar in 1,000 c.c. of distilled water. Gage and
Phelps dissolved one per cent. each of agar and of the
Niihrstoff in 1,000 c.c. of distilled water, and made the
solution neutral to phenolphthalein.

Blood Serum.—The preparation of serum from small
animals has been described at length under serum agar.
When it is desirable to use large quantities of serum it is
advisable to colleet ox blood at a slaughter-house. The
more care taken in collecting the blood under aseptic con-
ditions the less troublesome will be the subsequent steri-
lization. A convenient receptacleis ahalf-gallon battery
jar covered with paper and previously sterilized. The
spurting blood is received directly into the jar, after
which the paper cap is replaced and the blood sef aside
until it firmly clots. It can then be transported to the
laboratory and set aside in a cool place for the serum to
separate. The serum can then be drawnup by means of
an aspirator into a sterile globe receiver, such as is shown
as a part of Fig. 5060. It can thenbe conveniently filled
into test fubes or into flasks.

The earliest method of sterilizing blood serum is that
of Koch by fractional heating. The tubes were placed
in an inclined position in a serum coagulator shown in
Fig. 5057. The Roux water bath, shown in Fig. 5063,
is particularly useful for this purpose. The serum tubes
are immersed in the water at 58° C. The serum tubes are
heated for an hour at 58° C. on each of seven Successive
days. This low temperature is selected in order to ac-
complish the sterilization and yet keep the serum in a

.—Koenh'’s Blood-S8erum Coagulator.

fluid condition. Unfortunately bacteria may be present
in the serum which will actually grow at the tempera-
ture employed, and in that case this method of steriliza-
tion is inapplicable. Some have endeavored to obviate
this difficulty by filtering the serum through a Berkefeld
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bougie. Martin suggested that one to two per cent. of
chloroform be added to the serum, which is fthen set
aside for several months, after which the chloroform can
be driven off by heating at 65°. Fraenkel dispensed
with the sterilization, relying entirely upon the aseptic
collection of the serum. When the serum is collected
with the care outlined above, it will be found that very
few bacteria are present. Consequently after the tubes
have been filled with the serum they may be incubated
for several days, and at the end of that time the con-
taminated ones can be discarded. This procedure is
preferable to those just given. The sterile serum is then
coagulated in an inclined position by raising the tem-
perature of the sterilizer to 65° C., and keeping it there
until the serum has become solid. The medium thus
prepared is transparent and solid. When a higher tem-
perature is used the serum coagulates to an opagque white
mass.

Inasmuch as the above methods require much time and
skill and are in themselves very tedious, they have been
largely supplanted by fractional sterilization in steam.
For this purpose the tubes are first placed in an inclined
position, either in a dry-heat oven, or, better, in the
coagulator, and then heated to 85° to 95° C. until firm
coagulation results. If thisis not looked after the me-
dium will be torn up by gas bubbles during the next
step. The coagulated serum tubes are then placed in
wire baskets and steamed, as in the case of agar, for half
an hour on each of three consecutive days. The medium
thus prepared is fully as useful as that which is trans-
parent,

Liffler’s Blood Serum.—This consists of one part of’a
one-per-cent. glucose bouillon and of three parts of blood
serum. This mixture isfilled into tubes and sterilized in
the manner just given. It is used very extensively for
the diagnosis of diphtheria.

Glyeerin Serum.—Five per cent. or more of glycerin is
added asin the case of glycerin agar. The sterilization
is the same as that just given. 1t is used for the culti-
vation of the tuberele bacillus.

Serwm Water Media.—When serum is diluted with five
to ten parts of water it can be sterilized by steaming
without coagulation taking place. Hiss employed such
a medium in differentiating between the pneumococcus
and streptococcus; also in distinguislting between the
dysentery and allied organisms. He prepares the me-
dium by adding one part of clear beef serum to two
parts of distilled water. The mixture is first heated to
100° for a short time, so as to destroy the glycolytic
enzyme which is present, after which one per cent. of
the sugar desired is added. Dextrose, galactose, man-
nite, maltose, lactose, saccharose, inulin, and dextrin
have been thus used. The medium is colored by the
addition of one per cent. of a five-per-cent. agueous lit-
mus solution. The medium is then tubed and steamed
for ten minutes on three consecutive days.

Marmorek’s Media.—In order to maintain streptococci
at their maximum virulence Marmorek used several me-
dia, preference being given to them in the following
order:

1. Human serum 2 parts, bouillon 1 part.

2. Pleuritic or ascitic fluid 1 part, bouillon 2 parts.

3. Serum of mule or ass 2 parts, bouillon 1 part.

4. Horse serum 2 parts, bouillon 1 part.

These media can be sterilized by fractional heating at
low temperature, or, better, by filtration through a
Berkefeld bougie.

Thalmann’s serum bouillon for cultivating the gono-
coccus has been mentioned in connection with his agar.

Mill.—This is an excellent medium for diagnostic pur-
poses. It is advisable to use centrifugated milk if pos-
sible. Otherwise the whole milk is placed in a beaker
or flask and steamed for about half an hour. When par-
tially cooled it can be poured into a large separatory
funnel, or into a bulb receiver shown as part of Fig.
5060, and allowed to stand thus overnight. The under-
lying layer of fat-free milk can then be filled directly
into tubes. These are then sterilized by steaming half

an hour on each of three consecutive days. When time
is an object the whole milk may be filled directly into
tubes. If desired the milk may be colored with litmus.
Instead of milk, whey may be used to good advantage.
This can be prepared by coagulating the milk with ren-
net. The liquid is first separated by means of cheese-
cloth and finally put through paper.” It is then colored
with litmus, filled into tubes, and sterilized. Care must
be taken not to overheat the milk lest the lactose under-
go more or less oxidation. Whey-gelatin and whey-agar
are used for special purposes. g

Urine.—By discarding the first portion of urine which
is passed the remainder can be collected in sterile flasks
and will be free from bacteria. Such urine may be used
directly for studying the various fermentations which it
may undergo. To prepare a urine gelatin the secretion
should be diluted so as to have a specific gravity not to
exceed 1.010. Ten per cent. of gelatin is then added,
and when it has dissolved the reaction is made io corre-
spond to that of the original urine. Heller’s urine gela-
tin is prepared in the same way, but has one per
cent. peptone and a half per cent. of salt. After solution
the liquid is rendered faintly alkaline, then filtered and
tubed.

Piorkowski Urine Gelatin.—Normal urine of 1,020 spe-
cific gravity is collected for two days, and is allowed to
become slightly alkaline in reaction. Then 1.5 per cent.
peptone and 3.3 per cenf. gelatin are added, and the
mixture is heated for one hour on the water-bath, after
which it is filtered and filled into tubes. These are ster-
ilized by heating for fifteen minutes at 100° on the first
day, and for ten minutes on the second day. The me-
dium is used to differentiate the typhoid from the colon
bacillus. Petri platesare made and developed at 22° C. for
twenty-four hours. While the colon colonies are round-
ish, finely granular, sharp-bordered, and yellowish, the
typhoid colonies are small and show a more or less
marked threaded border. This method has given good
results in connection with the examination of typhoid
faeces.

Urine Agar.—This can be prepared by adding to the
freshly passed urine two per cent. of finely cut agar.
The mixture is then boiled until solution results, when
it is filtered through cotton or paper as in the case of
ordinary agar. This agar is then filled into tubes and
sterilized by steaming.

Another way of preparing a urine agar is to collect
the uzine, after discarding the first portion which is
passed, in a sterile flask, and then to transfer it by means
of a pipette, as in the case of blood or serum, to the
melted and cooled agar. One part of urine to two parts
of agar is ordinarily used. Normal or albuminous urine
may be used for this purpose, and with very little care
the urine can be collected entirely free from bacteria.
Such urine agar has been used to advantage for growing
the gonococcus.

Internal Organs,—For special use the several media,
such as bouillon, agar, and gelatin, may be made up with
the finely divided organs in place of the minced meat.
At times the solid organs are sterilized and used as such.
The steamed brain, for example, when cut up into slices
and sterilized, ean be used for cultivating the tubercle
bacillus (Ficker); and also the gonocoecus (Thalmann).

FEgg Media.—Hueppe first suggested the use of fresh
eggs as a culture medium. For this purpose the shell is
thoroughly cleaned and disinfected with mercuric chlo-
ride. A small opening is then punched through the
shell, and through this the organism to be tested is intro-
duced into the inside. The opening isthen sealed with a
bit of sterile paper and collodion. Another procedure is
to insert through the opening in the shell a rather wide,
drawn-out tube pipette. Onapplying suction, especially
with the aid of an aspirator, the contents of the egg can
be drawn up into the bulb, and can then be distributed
to tubes (Novy).

The egg may be used as a solid opaque medium ac-
cording to Wesener. The egg is thoroughly agitated so
as to mix the yolk with the albumen. It is then coagu-
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lated at 75° to 80° C., after whieh the shell is removed and
the contents are cut up into slices and placed in suitable
dishes and sterilized by steam. Inlike manner the coagu-
lated white of the egg may be eut up into slices and
tubed. A transparent, coagulated egg albumen may be
prepared by converting it into an alkali albuminate, as
suggested by Tarchanow and by Karlinski. For this
purpose the egg is placed in ten-per-cent. potash for
fourteen days, after which the shell is removed and the
solidified egg is cut up into slices, tubed, and sterilized.

Potatoes.—These may be prepared in several ways.
The old method, introduced by Koch, is still used where
mass cultures are desired. The potatoes are scrubbed
clean under the tap, and any bad spots carefully re-
moved by means of a knife. They are then placed in
boiling water or steamed for three-quarters of an hour.
By means of a knife, which has been sterilized in a flame,
they are then cut into halves and placed in a large moist
chamber or suitable pan provided with a lid. The bottom
of this vessel should first be covered with a piece of filter
paper which has been moistened with water or with
mercuric chloride. The cut and sterile surface of the
potatoes can then be inoculated with the organisms to
be cultivated, either by spreading the material over the
potato with a sterile knife or by making parallel streaks.
Inasmuch as there are several sources of contamination
in this method, it has been largely displaced by the modi-
fied procedures.

In Esmarch’s modification the potato is pared and cut
into slices about a third of an inch thick, after which
they are placed into small glass dishes about 7 cm. in
diameter and 1.cm. high, known as Esmarch dishes.
These are then sterilized by steaming in the usual way.

The best way of using potatoes for culture purposes
is that introduced independently by Bolton and Globig.
The cleaned potato is placed in boiling water for about
half an hour. By means of a cork borer or a test tube,
the end of which has been
cuf off, cylinders of potato
may be punched out. The
skin is removed from the
ends of the cylinders, after
which these are halved by
adiagonal cut. The wedge-
shaped semicylinders are
now placed in sterile test
tubes and sterilized by
steam.

Roux introduced a very
useful modification of this
method. A constriction is
made in the lower part of
the tube, about an inch
from the bottom. This
compartment may be filled
with water, or when culti-
vating the tubercle bacillus
with five-per-cent. glycerin.
These tubes can be readily
prepared from the ordinary
test tubes. A narrow blast
flame is directed horizon-
tally against the tube,
which is rotated in a verti-

lic

FiG. 5058.—Roux Tube for Potato Culture. _

cal position. The Roux tube is shown in Fig. 5038.
A good substitute for this tube may be made by placing
on the bottom of the test tube a layer of absorbent cot-
ton, which may be soaked with the glycerin solution.
Mashed potatoes spread over the bottom of a flask
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have been used, but they offer no special advantage over
the methods given. The preparation of potato gelatin
with or without potassium iodide has already been de-
seribed

Bread Medium.—Ordinary bread is toasted to a erisp,
then powdered, in which condition it may be kept in
stock. For use the powder is placed on the bottom of
small flasks and thoroughly moistened with water, then
sterilized by steaming. This medium is particularly use-
ful for cultivating moulds.

Plant Infusions.—These are useful for growing certain
bacteria and also amabm. Infusions of hay, straw,
fruits, grains, etc., take the place of meat extract. By
the addition of agar or gelatin solid media may be pre-
pared. Beer wort, either as such or as a gelatin, is valu-
able for the cultivation of yeasts.

Proteid-free Media.—With the exception of urine all the
media described thus far contain some proteid matter.
The latter, however, is not essential, for it is possible to
grow bacteria on media which contain sulphur, nitrogen,
and phosphorus in inorganic combination. Such a solu-
tion was used, for instance, at a very early date by Pas-
teur. It consisted of 1 part of ammonium tartrate, 10
parts of candy sugar, the ash of 1 part of yeast, and 100
parts of water. The botanist Cobn employed a similar
solution, consisting of 0.1 gm. each of potassium phos-
phate and magnesium sulphate, 0.01 gm. of tribasic eal-
cium phosphate, 0.2 gm. of ammonium tartrate, and 20
c.c. of distilled water. Naegeli’s solution was made by
adding 1 gm dibasic phosphate, 0.2 gm. magnesium sul-
phate, 0.1 gm. calcium chloride, and 10 gm. of ammo-
nium tartrate to 1,000 c.c. of distilled water.

After the lapse of many years these non-albuminous
fluids were again brought into use in a modified form
by Uschinsky. His solution consisted of: Water, 1,000
parts; glycerin, 80-40 parts; sodium chloride, 5-7 parts;
caleium chloride, 0.1 part; magnesium sulphate, 0.2-0.4
part; dipotassium phosphate, 2-2.5 parts; ammonium
lactate, 6-7 parts; sodium asparaginate, 3—4 parts.

Fraenkel’s modification of this solution contains 5 gm.
of sodium chloride, 2 gm. of potassium diphosphate, 6
gm. of ammonium lactate, and 4 gm. of sodium aspa-
raginate. These substances are dissolved in 1,000 c.c. of
water and the solution is then rendered slightly alkaline.

Similar solutions have been used by Maassen and by
others. Thus Proskauer and Beck cultivated the tuber-
cle bacillus on the following solution: Commercial am-
monium carbonate, 0.35 per cent. ; monopotassium phos-
phate, 0.15 per cenf.; magnesium phosphate, 0.250 per
cent.; glycerin, 1.5 per cent.

For cultivating the nitrous and nitric acid organisms
Winogradsky employed wholly inorganic solutions. The
nitric-acid producers were grown in a solution consisting
of 1,000 c.c. of water, 1 gm. potassium phosphate, 0.5
gm. magnesium sulphate, 0.01 gm. calcium chloride, 2
gm. sodium chloride. This is filled into flasks in por-
tions of 20 c.c. each, together with a little freshly washed
magnesium carbonate. To these flasks, after sterilization

¥ steam, 2 c.c. of a two-per-cent. solution of ammonium
sulphate is added, after which they are incubated to
eliminate contaminations.

For the nitrous-acid organisms the solution consists of
1 gm. ammonium sulphate, 1 gm. potassium sulphate,
and 1,000 c.c. of water. It is filled into flasks, magne-
sium carbonate added, after which they are sterilized by
steam. 3

As a substitute for gelatin Winogradsky employed
silicic-acid jelly, which was added to solutions of essen-
tially the same composition as those just given.

Standardization ¢f Media.—The procedure as intro-
duced by Koch, and still followed in many laboratories,
is to add a saturated solution of sodium carbonate, in
portions of a cubic centimetre or more, to the nutrient
medium, to be neutralized until a drop of the mixture,
transferred by means of a glass rod, turns red litmus
paper promptly blue. In some laboratories a strong solu-
tion of sodium hydrate is used in the same way. Ob-
viously this method lacks quantitative precision, and the
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duplication of the same reaction in several batches of
material is out of question. Moreover, it is an estab-
lished fact that the reaction of a medium has a very im-
portant influence upon the development of bacteria. For
these reasons the bacteriological committee of the Ameri-
can Public Health Association, adopting Fuller’s work,
recommended the following method for the titration of
nutrient media. The reagents necessary are:

1. Five-tenths-per-cent. solution of phenolphthalein in
fifty-per-cent. alcohol.

2. Normal sodium hydrate (N. NaOH). A litre of this
solution contains 40 gm. of NaOH.

3. Twentieth normal sodium hydrate (% NaOH). A
litre of this solution contains 2 gm. of NaOH.

4. Normal hydrochloric acid (N. HCI). A litre of this
contains 86.5 gm. HCL

5. Twentieth normal hydrochloricacid (). A litre of
this contains 1.825 gm. of HCIL

The preparation of these solutions requires some famil-
iarity with the methods of quantitative analysis. The
solutions can be built up by starting from a twentieth
nermal solution of oxalic acid, or, better, succinic acid.

The titration is carried out as follows: To 5 c.c. of the
filtered medium in a six-inch porcelain evaporating dish
add 45 c.c. of distilled water and 1 c.c. of the phenol-
phthalein solution; boil for three minutes to expel car-
bonic*acid, then run in the twentieth normal alkali, drop
by drop, with constant stirring, until a bright pink color
results. The number of cubic centimetres of the twen-
tieth alkali required to neutralize 5 c¢.c. of the medium
gives directly the number of cubic centimetres of normal
alkali (7.e., percentage) required by 100 c.c. of the me-
dium. Thus if 5 c.c. of the medium requires 2.8 c.c. of
= alkali, then 100 c.c. would need 56 c.c. %, or 2.8 c.c.
of N NaOH.

The quantity of the medium remaining iS now meas-
ured and the amount of alkali needed for neutralization
is calculated and added. After the addition of the alkali
the liquid is boiled and a portion is then titrated as be-
fore. It should be neutral, and if it is not, as often is
the case on account of unknown changes, the requisite
amount of alkali to make it so is added to the bulk.

The medium which is neutral with reference to phenol-
phthalein is very alkaline with respect to litmus. Thus
a bouillon which is neutral to litmus will require about
25 c.c. of normal alkali per litre to make it neutral to
phenolphthalein. In general the addition of 10 c.c. of
normal alkali to a medium which is neutral to litmus
imparts the most favorable degree of alkalinity. Hence
the optimum reaction with reference to phenolphthalein
is obtained by adding 15 c.c. of normal acid to the litre
of neutralized medinm. It is customary to use the sign
-+ to indicate an acid reaction, and that of — for one that
is alkaline. Thus -}-15 means that the reaction is acid
with respect to phenolphthalein, and that one litre of
the medium would require 15 c.c. of normal alkali for
neutralization.

The titration with litmus as an indicator is best carried
out in the following way: Portions of 5 c.c. of the me-
dium are measured ot into each of four or five large
test tubes. In'the case of bouillon the amount of & alkali
needed to neutralize this amount may vary from 0.3
to 0.6 c.c. Hence to tube 1 add 0.3 c.c.; to tube 2 add
0.4 c.c.; to tube 8 add 0.5 c.c., etc. The contents of
each tube are then boiled for a minute, after which a slip
of red and of blue litmus paper is dropped into the hot
liquid and allowed to remain there for about a minute.
The papers are then drawn out, side by side, on the walls
of the tube when the colors can be compared. In this
way the amount of alkali necessary to neutralize 5 c.c:
with respect to litmus can be determined. Bouillon, as
well as agar, usually requires about 5 e.c. per litre for
neutralization, while gelatin needs about 30-35 c.c.
Having determined the amount needed for neutralization,
this amount, together with an excess of 10 c.e. per litre,
to impart a suitable alkaline reaction, is then added to
the medium.

For ordinary purposes it is hardly necessary to resort

to these rather complicated methods. It is sufficient to
add directly to bouillon and to agar 15 c.c. of normal
alkali per litre. Gelatin will require about 40 c.c. In
general sodium carbonate is preferable to the hydrate.

Preparation and Filling of Tubes.—The cheaper grades
of test tubes should be avoided. They are very thin and
therefore break easily, and, moreover, on heating they
will often frost because of the separation of silicic acid.
The best test tubes are the “blue-lined” or *resistant
glass” quality, or those of genuine Bohemian glass.
The size used varies with the purpose and the individual
taste; 12 X 125, 16 X 150, and
20 x 150 mm. are convenient.

The new tubes of the better
glass can be used after being
swabbed out with warm water.

The cheaper grades are very
alkaline, and for that reason
should be first soaked in very
dilute warm hydrochloric acid,
after which they should be
rinsed or swabbed thoroughly
in clean warm water. The
cleaned tubes are allowed to Fi6. 5059.—Wire Basket for
drain, and +when dry are Sterilizing Tubes.
plugged. Used tubes should
be sterilized by steaming for a half-hour, after which
they may be filled with water and again heated, so as to
bring the more or less dried contents into solution.

The simplest way of plugging is to place over the
mouth of the tube a piece of cotton, about two inches
square, which is then pushed within by means of a nar-
row glass rod or a pair of smooth forceps. Such plugs
answer all ordinary purposes. They are, however,
rather loose, and permit evaporation of the media, and
cannot be used where the tubes are to be sealed with
wax. A firm solid plug is made
by taking a piece of cotton,
about three inches square. This
is folded into thirds-and then
rolled up from the end into as
firm a cylinder as possible. By
a twisting motion the plug is
inserted into the tube, and only
enough cotton is left on the out-
side to permit grasping of the
plug. The plugged tubes are
then placed in a wire basket,
such as is shown in Fig. 5059.
These baskets are made of heavy
galvanized netting. The usual
size is 24 em. high and 18 cm.
square. Smaller baskets, 10 X
12 and 18 cm. high, are very
useful. Circular baskets, of a
size to fit the sterilizer, are also
used.

Flasks, bulbs, ete., should be
prepared for sterilization in the
same way.

After the tubes have been
sterilized by heating in the dry-
heat oven they are ready to be
filled with the nutrient media.
This can be done by the aid of
a small funnel. Where large
quantities of media are to be
tubed much time can be saved
by using a large funnel or globe
receiver, such as is shown in
Fig. 50680—_Globe Receiver Fig. 5060. The lower end of the

Tubes. with Bureite at. bulb is connected with & drawn-

tachment. (Novy.) out glass tube and is provided

with a pinch cock. In this way
the media can be rapidly filled into the tubes. Ordi-
narily the tubes are filled to the depth of one and one-
half or two inches. In special cases in which definite
quantities are desired, the simple apparatus, shown in
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Fig. 5060, can be used. The containers, with the media
to be filled, can first be sterilized by steaming, after
*which the media can be measured out into sterile tubes,
which will not require further
treatment. A less desirable
apparatus is that of Treskow,
sbown in Fig. 5061.

STERILIZATION. —By sterili-
zation is meant the total de-
struction or removal of all
organisms in or about a given
object. This can be accom-
plished in a variety of ways.

1. By Direct Fllaming.—This
method is applicable for the
sterilization of glass rods,
slides, cover-glasses, platinum
wires, searing irons, and rough
instruments. Valuable surgi-
cal instruments would of
course be damaged by this
procedure,

2. By Means of the Dry-Heat
Sterilizer. — The form most
often . used is that of Koch,
shown in Fig. 5062. This is
made of sheet iron, is double
walled, and the outer wall may
be lined to advantage with
thick asbestos board. The
form as shown is designed to

el Trckow's AT sterilize not only tubes and

paratus for Measuring Media flasks but also glass tubing,
into Tubes. pipettes, and the like. The
oven is used for sterilizing
only glass and metal ware. It must not be used for
sterilizing media. A temperature of 150° C. should be
maintained for one hour. Usually it will be suflicient to
allow the temperature to rise, and as soon as it has
reached 200° the gasis turned off. The cotton should
show a slight tinge of yellow after this heating. If
the plug browns considerably and powders it is due
more to the fact that the cotton has been chemically
treated than to the heat.

3. Fractional Sterilization at 56°-58° C.—This method
was introduced by Tyndall, and has been used for the
sterilization of liquid serum, milk, and other fluids which

are liable to be al-
tered more or less by
heat. It is based up-
on the fact that the
actively vegetating
forms of bacteria are
readily destroyed as
a rule by exposure
for some minutes to
this temperature.
The resting forms or
spores are not in the
least affected by such
exposure. It is nec-
essary to wait until
the spores have ger-
minated into the veg-
etating forms, which
can then be destroyed
by a second like heat-
ing. As ordinarily
practised, the method
is as follows: The
tubes are placed in
an apparatus, such

Fi6. 5062.—Koch's Dry-Heat Sterilizer. as that shown in

Fig. 5063, and are
heated for one hour at the given temperature on each of
seven or eight consecutive days.

This method sometimes gives good results, at other
times it fails. The reason for this lies in the presence or
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absence of the so-called thermophilic bacteria. These
organisms actually grow best at the temperature em-
ployed, and hence, if they chance to be present, the

F1G. 5063.—Roux Water-Bath for Sterilizing Serum with Metallic
Regulator.

method is inapplicable, A temperature of 70° C. may
be used in like manner, but this causes coagulation of
the serum.

By Pasteurization is meant the partial destruction of
the organisms which are present in a milk, This is ac-
complished by exposing the milk for half an hour, or
more, to a temperature of about 68° C. (155° F.). While
this temperature does not destroy the spores which may

- be present, it does kill
the lactic - acid and
other bacteria, which
do not produce spores.
As a result, milk treat-
ed in this way will
keep for several days
without coagulating.
If a higher tempera-
ture is used, the taste
of the milk is likely to
be impaired.

F1G. 5064.—Koch’s Steam Sterilizer.

3. Sterilization in Flowing Steam.—Several forms of
apparatus have been devised for this purpose. Among
the earliest is the well-known form which bears Koch's
name. This apparatus is used almost entirely in Ger-
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many, and to a considerable extent in thiscountry. Itis
shown in Figs. 5064 and 5065.

It consists of a eylinder of galvanized iron, or better of
copper, which can be given such dimensions as may be
desired. Ordinarily it is about half a metre high and
about 25 c¢m. in diameter. It is surrounded by a thick
covering of felt M, to prevent loss of heat by radiation.
In the interior of the cylinder at R, is placed a grate
which serves as a support for the pail and other vessels to
be disinfected. The water in the lower compartment is
heated by one or more large gas burners.  Above it is
closed with a cover D), which is also covered with felt.
A central opening permits the escape of steam, and can
be used for the insertion of a thermometer. The pail

shown to the right of the ster-
ilizer has a grating for a bot-
tom, to allow free access of the
steam, and in it are placed the
articles to be sterilized.

The nutrient media are as a

rule sterilized by steam. A |

single heating for one hour in

steam at 100° C. is usuoally

sufficient to render the media

sterile.  Prolonged heating,

however, tends to alter the

media, and for that reason

fractional or discontinuous

sterilization is resorted to.

The latter has the additional

advantage that it renders the

medium more surely sterile.

There are spores which can

withstand steaming for one,

and even five or six hours,

and if such forms chance to

be present, it is evident that

the material eannot be steril-

S s e of Rooh's ized b.}' the single heating for

Steam Sterilizer. one hour. In the other pro-

cedure the media are steamed

for fifteen minutes or half an hour, according to the

nature of the medium, on each of three consecutive

days. The first heat serves to destroy the vegetating

germs that may be present. In the interval which

elapses between the first and second heating, the spores
which are probably present will
germinate and are thus converted
into the much weaker form, which
is then destroyed by the second
steaming. The second interval
allowsany remaining spore, which
may have failed to germinate the
first day, a chance to do so, and
the third heating is expected to
dispose of these last organisms.
Asa rule all media should be in-
cubated for one or two days to
make sure that they are perfectly
sterile. If any growth develops
in the tubes or flasks these should
be discarded, and only those which
are free should be preserved for

use.

Failure to secure sterilization
by this procedure is due to one of
the following conditions: The
temperature which prevails dur-
ing the twenty-four-hour period
which elapses between the con-
secutive heats may be so high
that the spores which are pres-
ent not only germinate, but the
vegetating forms in turn give rise

to spores, so that a larger number of resistant forms are

present on the second or on the third day than were

present in the beginning. Again, it may happen that

the temperature is too low, in which case the spares

cannot germinate, and hence will be found to resist
sterilization. Another source of error, though much less
common, was pointed out by Smith. If the spores of
anaérobic bac-
teria are present
in a Dbouillon,
they cannot
from their very
nature germi-
nate under the
ordinary condi-
tions, that is, in
the presence of
the air, and may
therefore escape
destruction.
In this coun-

try, and even in

Germany, the

Armold steam

sterilizer has

met with a very

favorable recep-

tion. The ap-

paratus is

shown in Fig.

5066. It con-

sists of (@) a flaf, Fre. 5066.— Arnold Steam Sterilizer, Sectional
shallow boiler, View.

holding but a

small amount of water, and therefore requiring but a
minimum amount of heat to produce steam; (4) a reser-
voir placed upon the boiler, which it constantly feeds
and insures the constant formation of steam; (d) a cov-
ered steam chest or receiving vessel, placed above the
reservoir and connected with the boiler by a eylindrical
tube of large diameter (¢); and (¢) a hood, covering the
receiver and enclosing an air space, which is constantly
supplied with cscape steam. The hood and the steam
jacket which it encloses prevent variations in tempera-
ture in the receiving vessel so long as the heat applied to
the boiler remains unchanged.

A cheap and thoroughly efficient steam sterilizer
adapted for individual work is shownin Fig. 5067. This
consists of an ordinary Hoffmann iron water-bath 10-20
em. in diameter. On thisis placed a copper pail (20 X
20 c¢m.), which is provided with a perforated bottom.
Two perforated rings on the inside allow the passage of
steam, and prevent the cotton of the tubes from coming
into contact with the side of the steamer. The tubes
filled with media are placed in the pail, and this is then
set on the water-bath, the water of which has been pre-
viously raised to active ebullition. In a few minutes
steam will issue from the tube in the top of the cover.
It is always advisable to take the temperature of the va-
por as it issues from a sterilizer and to count the time of
exposure from the moment that the vapor actually shows
the temperature of steam, that is 100°.

FiG. 5067.—Novy Steam Sterilizer.

| 4. Sterilization by Steam Under Pressure.—This proce-
dure is used almost entirely by the French workers. Its
usefulness is such as to merit a wide introduction into
this country. The apparatus, which is designated as an
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