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INTRODUCTION

The isolation of enteric pathogens from sewage has been re-
ported in the literature on a mumber of occasions in recent years.
Most, if not all, of the pathogens isolated were obtained from sewege
originating in areas where the occurrence of enteric infections was
either endemic or epidemic. JFurthermore, the methods used in the
identification of the organisas isolated were often incomplete and
render the results reported of gquestionadble value.

A Teview of the literature revesaled that no study has been
reported on attempts to isolate enteric pathogens from sewage origi-
nating in an area where the occurrence of enteric infections may de

considered to de rare or non-existent.

Because of the present tendency to use sewage and sewage
solids for the purpose of soil conditioning, it appeared advisable
to meke a study of raw sewage from such & source using various media
which are cnrrentl; advocated as being superior for the isolation of
enteric pathogens. This thesis presents the results of this study.



HISTORICAL REVIEW

The isolation of Salmonella typhosa from water was recorded
in the literature as early as 1895, Willson (1) in 1905 summarised
the instances in which S. typhosa had deen isolated from contaminated
drinking water up to that date., According to him, ngunor reported
that up to 1895 there were 65 cases in which it was claimed that §S.
typhosa had been isolated from water. Willson states that, "It is
possible that in some of these the bacillus was really that of typhoid,
but the evidence of identity is now known to de insufficient and none
of these cases can be accepted as conclusive.” The 1895 isolation was
from the Berlin water supply. The isolated organisms exhidited all
the then-known characters of S. typhosa and were afterwards confirmed
as such by Pfeiffer's reaction.

From 1895 until 1905, various workers have reported the iso-
lation of the typhoid organisa frem 11 water supply sources., Since
1905 (2), there are 13 instances in which 8. typhosa or related enteric

pathogens are reported to have been isolated from water or sewage.

Special mention should bde mede of the work of the Loaden
Metropolitan Water Board Laberatories which is, perhaps, the mest com-
plete and carefully controlled. Insugurated by the late Sir Alexander
Houston, the 191k report and each report from 1927 to 1938 (3 to 15)
carries some reference to isolations of enteric pathogens. In the
1914 report, 23,353 non-lactese fermenting colonies developing on
plates planted meinly with samples of London (Barking ) or Hendon sew-
age and also individual samples from Dublin, Belfast, Edinburgh






and Aberdeen were examined, He was unsuccessful in isolating a single
S. typhosa, and concluded that the typhoid organism is not uniformly
present in 0.00066 ml. of crude sewage, and that this amount of sew-
age contains TOU excretal bacteria per ml, Houston, in calling
attention to the difficulties of the task, writes:

"Sewage contains such an enormous number of
bacteria that it is quite impracticable to examine
more than a very small amount of this material,
Tor example, to examine one cubic centimeter of
crude sewage for typhoid bdacilli by the direct
plating method would mean meking at least 1,000
special plate cultures and at least 20,000 primary
subcultures, not to speak of the secondary and
other cultures for the purpose of differentiatien.
It is, however, Qquite practicadle to work with as
such as 0.01 c.cm, of sewage spread over from 10
to 20 special plates, and therefore to make 200
to 400 primery cultures."”

Wilson (16) states, "Non-lactose fermenting organisms are
80 cemnon in sewage that many thousands or hundreds of thousands of
such colonies would require to be examined in order to isolate a
single typhoid bacillus, Yor example, in Belfast sewage I find that
on an average 400,000 to 500,000 organisms develop from 1 c.cm. on
MacConkey lactose bile salt agar plates, and that of these more than
one-half are non-lactose fermenters. In such sewage I have found

about one typhoid bacillus in each cubic centimetre, so that, using
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the MacConkey medium, there would have been a chance of isolating the
bacillus if 250,000 non-lactose fermenting colonies had been tested,
In all probability, even after such a Herculean effort, failure would
bhave resulted, as the chances are that the typhoid bdacillus would not
have a clear space on the plate to develop, and its growth would have
been obscured and inhidbited by the coliform colonies., The addition
of drilliant green to the medium would doubtless render the isolation
of B. typhosus (S. typhosa) from sewage not quite so difficult, but
even 80 the chances against a non-lactose fermenting colony being

composed of typhoid bacilli would be many thousands to one."

Kehr and Butterfield (17) in 1943 presented a review of the
results of some recent attempts to isolate pathogens from sewage and
an interesting discussion of the indicated relations among the §. ty-
phosa density of sewage and water, the coliform density and the
typhoid fever morbidity in the comsmnity.

Dunlop (18) reported on the isolation of typhoid, dysentery
and salmonella organisms in the final effluent of the Denver sewage
disposal plant. More recently, Dunlop (19) has reported on the gquan-
titative isolation of pathogens from sewage. This work, hewever,
cannot be accepted as conclusive bdecause the evidence of ideatity is
insufficient, JFor example, he assumes that turbidity in an enrichment
medium is presumptive evidence of the presence of S. typhosa, and the
appearance of non-lactose fermenters on so0lid differential media and
characteristic reactions of the Salmonella or Shigella in Kligler's

iron agar results in a completed test,



Methods of Isolating Typhoid and Related Pathogens from Water or Sewege

Various methods have bdeen used or suggested for the isola-
tion of pathogens from water or sewage. All of the methods fall into
three main pdupl: (a) Physical concentration produced Sy agglutina~-
tion, chemical precipitation, centrifugation or filtration followed by
isolation on differential so0lid media with or without enrichment;

(b) isolation on differential solid media after preliminary cultiva-
tion in selective enrichment medium; (c) direct isolation on differ-
ential solid media.

The various early differential and enrichment media have
been adequately reviewed and discussed by Pruobtt (2) and Wilson
(16). Mo good purpose could be served by enumerating and discussing
these media here, Suffice it to say that the media more recently
developed have proved to be far superior but are not all that is to
be desired,

Laine (20) in her work reviews the development of more re-
cent media and discusses the suthor's reasons for recommending each

modium,

Some of the media used in this study have presented prodlems
ot ordinarily encountered when the media were used for the isolatioen
of enteric organisms from other sources, such as feces or urine, Jor
this reason, the media used will de considered in some detail, even
at the risk of presenting material adequately covered elsewhere, T™he

specific problems encountered will be considered in the discussion,



Modifications of some media were attempted, A discussion
of these is not included as it could serve no purpose other than add
to already existing confusion.

TJor the purposes of enrichment the media most favored today
are sodium tetrathionate broth and seleaite dreth, Sodium tetrathi-
onate droth was first found to de useful as an enrichment medium by
Masller (21) and reported by him in 1923, The usefulness of the
medium is dased on the regulation and inmhidbition of the physiological
activities of contaminating organisas by sodium tetrathionats, This
is formed by the resction of sodium thiosulfate and iedine, Iodine
is inhibitory to gram-positive organisms and the bile salts contained
in the medium inhibit the non-intestinal types. Preteose peptons aids
as & buffer against t00 great a changs in the reactioa of the medium
and serves as & ready source of energy for the dacteria, Calcium
carbonate serves to maintain an alkaline reaction.

Liefson (22) in 1936 described selenite F droth, Te devel-
opment of this medium was based on the odservations of Handel and
Theodorascu who, according to Guth (23), observed that Escherichia
coli was mach more susceptidle to the toxicity of sodium selenite
then was 3. typhosa. Liefson showed that the selenite bdroth was mot
sufficiently toxic to inhibit fecal coli and enterococci completely.
Eowever, he found that the colon dacilli were reduced ia numbers
during the first §-12 hours and thereafter increased rapidly. The
typhoid becilli multiplied fairly repidly from the start. Proteus
and pseudomonas were not inhibited, dut dysentery and alcaligenes
were inhibited.



‘Primary plating media are used for initial isolation of
organisms, The composition of each medium is usually such that it
will readily differentiate groups of organisms, or be selective for
a particular group of organisms,

MacOonkey's agar (23) described in 1905 contimes te enjoy
popularity as a differentisl medium, The present modification not
only serves to differentiate strains of S. typhosa from members of the
coliform group, but has the added advantage eof supporting excellent
gowth of all gShigella and Salmonella strains., The differential ac-
tion of this medium is clear and distinct. 1Isolated colonies of ocoli-
form bacteria are described as deing drick red in color and may de
surrounded by a sone of precipitated dile, The reaction is dus to the
action of acids, produced by fermentation of lactese, upon dile salts
and the subsequeat adbsorption of neutral red., Typhoid, paratypheid
and dysentery bacilli have little effect on the appearance of the
medium, Gram-positive organisms are inhibited by the selective
dacteriostatic action of crystal violet,

8. 8. (Shigella~Salmonella) agar, developed by Difco labdb-
oratories, was devised to provide differentiation of lactose fermenters
from lactose non-fermenters, and 0 give maximum inhibition of coli-
form erganisms without restriction of the growth of pathogenic gram-
negative bacilli, Shigella, Salmonslls and other organisms not
fermenting lactose form opaque, transparent and translucent uncolored
colonies which generally are smooth, Lactose fermenting organisms
which may not be inhibited are gensrally recognised dy the formation
of a red color in the ocolony. Some coliform colonies do not show a
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definite red color, being pink or mearly colorless with a pink center.
Some Proteus and Salmonella types produce dlack-centered ocolonies; a
characteristic largs white or cream-colored opaque and mmcoid colony
my be developed by soms types of aerogenss.

Bismth sulfite agar as modified by Wilson and Blair (24)
is a selective medium used by almost all investigators in recent years.
The composition of this mediwm is based on the fact that the Salmonella
are able to reduce sulfites to sulfides, in the presence of a fer-
mentable carbohydrate and metallic salts, this reduction results in
the medium surrounding the colonies bdecoming blackened, The um
produced by the organisms from the carbohydrate, which serves as an
indispensable source of energy, facilitate the characteristic changes
by dringing the metallic salts into solution, nunmi green pro-
motes the blackening of the Salmonella colonies and aids in the imhi-
dition of the colon group., Bismuth in combination with sodium sulfite
causes & suppression of Escherichia coli without reparadly suppressing
the development of the Salmonella colonies, Sodium pheosphate is used
as a buffer to absorb excess acids produced,

Iaine (20) wused Hoyle's drilliant green acid fuchsin agar
which was recomsended by Cruickshank (25). She confirmed the finding
that the medium was particularly imhibitory to Proteus, The medimm
had the advantage of simplicity in preparation, and good colonial
differentiation was obtained., Sodium taurocholate enters into the
compositien of this medium and seems to stimmlate the growth ef en-
teric pathogens when present., At the same time, it is inhidbitory to

non-intestinal organisms, Brilliant green serves to inhibit the



growth of gram-positive organisms, while the decolorised acid fuchsin
indicates the production of acid resulting from the fermentation of
lactose.

Jeter and Wynne (26) developed and described acid fuchsia
methylens dlus agar, This is a medium which was formulated to provide
a more satisfactory differential medium essentially free from obJjec-
tions described as common to other media of primarily differential
nature, The objections listed for ether media are: (1) Generally,
only colonies of lactose fermenters are colored, whereas the color-
less colonies of non-fermsnters tend to de masksd by the diffusion
of dye from fermenting colonies. (2) The medium may de too toxic
for the grewth of delicate enteric species. (3) Deterioration may
eccur on exposure to light. (%) Weak fermenters may not be differ-
oentiated frem non-fermenters. Acid fuchsin methylens blus agar con-
tains, in additien to peptone, lactose and agar, a comdination of
acid fuchsin and methylene ilm baffered at an optimum concentration
of 0.3 per cent. Oolonies of lactose fermenters take on the red
color of the acid dye, and colon'n of non-fermenters take on the
blue color of the bdasic dye. This is possible because the dyes do
not combine chemically. The optimum duffer conocentration of 0,3 per
cent prevents the masking of non-fermenting colonies by those pro-
ducing acid which eccurs at lewer concentrations, while higher ocon-
osntrations tend to prevent ready differentiation of weak fermenters.
The recommended pE is 6.6, since at sppreciably higher valuss the
increase in adsorption, and therefore in toxicity, of methylene dlue
results in dye-sensitive species, such as S. dysenterise Shiga and
A. fascalis failing to develop.

-9 -



EXPERIMENTAL STUDIES

A study of the organisms occurring in raw sewage, with par-
ticular reference to the incidence of enteric pathogens, should be a

useful contribution to knowledge.

Considering the conclusions drawn by Houston (3) as a result
of his failure to isolate S. typhosa, and the statement of Wilson (16)
regarding the incidence of non-lactose fermenting organisms in sewage,
it at once becomes apparent that it would be desirable to concentrate
the dacteria present in the sewage into a small wolume in order to in-
crease the probadbility of isolating any enteric pathogens which might
be present, It would also be desirable, if not absolutely necessary,
to use some form of selective enrichment media to increase the mumber
of pathogenic organisms and, at the same time, inhidit the growth of
non-pathogens., Various methods of concentration were tried. As a
result of these trials, it was concluded that precipitation of the
sewage using alum would best serve the purposes of this investigation.
Other workers usually add a constant volume of a 10 per cent solution
of alumimm sulfate to each liter of water or sewage. Wilson (27),
for instance, added 2.5 ml. of a 10 per cent solution of aluminum
sulfate to each liter of water and then adjusted the pH to about 7.
In the present investigation, this method 4id not give satisfactory

results.

Aluminum hydroxide is smphoteric in nature; the varying
kinds and concentrations of mineral salts present in water or sewage
definitely affect the solubility of the precipitate, Experience in
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water treatment has demonstrated that each water has a definite apti-
mun pH value at which the aluminum hydroxide precipitate is least
soluble, and that the optimum pH value for a given water may vary
from day to day, or hour to hour,

The composition of sewage varies considerably, and it was
decided to carry out all precipitation at the optimum pH as deter-
mined by jar tests.

Growth and the production of ensymes by bacteria are closely
associated with or dependent upon the pH of the medium in which the
bacteria are seeded, To subject enteric pathogens, already in an
environment not conducive to their growth, to additional adversity
is not likely to enhance the chances of recovering such organisms,
Porter (28) gives the minimum, optimum and meximum pH for the growth
of several bacteria, The minimum pH values for all of the eateric
forms listed are above 4,0, When alumirum sulfate was used as the
precipitating agent, the optimum pH valus was often found to be as
low as 3.5. The effect of such a low pH on the organism, which may
have been adversely affected from the conditions of its environment,
is likely to be death, Aluminmum ammonium sulfate was found to give
optimuma pH values ranging frem 4.6 to 6.6, on Zast lansing sewage,
and for this reason was selected as the precipitating agent to de

used,

A nmumber of enrichment media was tried; and in addition,
experimental enrichment droths were devised., None, however, gave
entirely satisfactory results, Of the enrichment media used,



Bacto-Tetrathionate Broth and Bacto-Selenite Broth showed the greatest
inhibition of the coliform organisms and were selected for enrichment

purposes as representing the most satisfactory of the media available,

Yor primary plating purposes, a large mumber of mdli.a was
used, Coliform organisms grew abundantly in all media., On Desoxychol-
ate Agar there was a tendency for the coliforms to overgrow or mask
the non-lactose fermenters, It was found that best colonial differ-
entiation could be odbtained on Bacto-Bismmth Sulfite Agar, Bacto-S8
Agar, Bacto-MacConkey Agar, Brilliant Green Acid Yuchsin Agar and Acid
Juchsin Methylene Blue Agar, Brilliant Green Acid Fuchsin Agar was
particularly useful in suppressing the growth of Proteus, although a

few strains were found to grow on this medium,

Jor primary differential screening, Kligler's Iron Agar,
Triple Sugar Iron Agar and Urea Broth were used, Kligler's Iron Agar
&ave the bdest differentiation as far as the Paracolobactrum was con-

cerned, Urea Broth was ideal for the differentiation of Proteus.

Secondary differentiation was accomplished using dextrose,
lactose, saccharose, maltose, mannite and xylose in Bacto-Purple
Broth Base. The IMViC reactions were also determined, When it was
considered desirable, motility tests were also used,

Yor final identification of suspected pathogens, agglutina-
tion tests, using specific antisera, and bacteriophage typing were

used,

The general treatment of the sewage samples is shown in



outline form as Teble I.

Three 2-liter portions of sewage were collected at the sew-
age plant in sterile flasks for each sample. One portion was further
divided into ten 200 ml. portions in 400 ml. beakers, and varying
amounts of aluminum ammonium sulfate solution were added, After thor-
ough rapid stirring, tho beakers were allowed to stand and observations
woere made to determine in which beaker the precipitate formed first,
and settled most rapidly, leaving the clearest supernatant fluid above
the precipitate. That portion was chosen having the optimum condi-
tions for concentration of the organisms, and the pH value of the
supernatant fluid was determined. This pH value was designated as
the optimum,

The proper amount of aluminum ammonium sulfate solution was
then measured into the remaining 2-liter portions, the flasks were
thoroughly shaken and the precipitate was allowed to settle by gravity
for a period of four hours. The supernatant fluid was decanted until
the remaining volume was adbout 200 ml, The entire amount of concen-
trate was planted. The procedure generally followed was to plant 1 ml.
of the precipitated sewage directly onto each of the various primary
isolation media without prior enrichment. The remaining precipitated
sewage was planted into the wvarious eamrichment droths in ten-fold
serial dilutions ranging from 10 ml., in the first tube to 10-9 al,
in the eleventh tube. After incubation at 37° C. for 8-12 hours in
the case of Selenite Broth, and 12-24 hours in the case of Tetrathi-
onate Broth, material from each tudbe was streaked onto the various

primary isolation media regardless of whether the tube showed visidle
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TABLE I
General Outline Showing Treatment of Raw Sewage

I. Concentration
1) Proprquon using amxonium aluminum
sulfate at the optimum pH value for
flocculation
a) Centrifugation of precipitate
and sediment
bd) Gravity settling of precipitate
and sediment

II. Enrichment
15 Sodium Tetrathionate Broth
2) Selenite Broth
a) Primary Isolation
1. Bismuth Sulfite Agar
2. 8.S8. Agar
z. MacConkey's Agar
. Brilliant Green Acid
Fachsin Agar
5. Acid Tuchsin Methylene
Blus Agar

III, Primary Isolation as in II-a without enrichment

IV, Differential Screening
1) Kligler's Iron Agar
2) Triple Sugar Iron Agar
3) Urea Broth

V. Secondary Differentiation

Dextrose Broth

2) Lactose Broth

z; Saccharose Broth
Maltose Broth

5) Mannitol Broth

6) Xylose Broth

7) IMVi6 Reaction

Vi. ldentification
1) Agglutination in specific antisera

2) 3Bacteriophage typing
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evidence of growth. After incubation at 37° C., all plates were ex-
amined at the end of 18, 24 and 48 hours. Only those plates showing
isolated colonies were retained for further study.

An effort was made to secure cultures of all different
types of organisms growing on the plates, although colonies which
showed the typical sppearance described for E. coli and A. aerogenss

were not taken.

After purification, the cultures were planted in Kligler's
Iron Agar slants, Triple Sugar Iron Agar slants, Urea Broth and Car-
bohydrate Broths, The IMViC reactions were also determined.

Broth cultures of §. typhosa and §. schottmuelleri were
added to raw sewage and used as controls, The results of this study

are given in Table II.
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TABLE Il

Cultures Isolated from Raw Sewage
at Tast Lansing, Michigan

Namber of sewage samples examined.
Fumber of colonies studied . . . .

Bumber of Pseudomonas. . . .
Number of Proteus. . . . . .
Bumber of Paracolobactrum. .
Nuxber of Alcaligenes . . .
Famber of E. coll. . . . . .
Bumber of A. serogenes , . .
Namber of S, typhosa . . . .
Jumber of other Salmonella .
Nambder of Shigella . . . . .

- 16 -
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DISCUSSION

The greatest oconceatration of organisms in water or sewage,
when using alum as the precipitating agent, was found to occur when
the precipitation took place at the optimum pH value, In the present
investigation, it was found that the optimum pH value when using alu-
ainum ameoniun sulfate was higher than when aluminum sulfate was used
as the precipitating agent. When a constant amount of the precipitat-
ing agent was added to a given volume of sewage, poor settling took
place and the supernmatant fluid was turbid, having the apéo.rueo of
colloidal material in suspension. G(ravity settling for a four-hour
period, when precipitation was accomplished at the optimum pH value,
was superier to centrifugation at 3,400 r.p.m. (3,600 x @.) for a
period of one-half hour,

When precipitated sewage was planted in enrichment medias,
there was little inhibition of the coliform organisms, This may have
been dus to the massive plantings of coliforms., It is possidle that
the great numbers of coliforms were able to overcome the inhibitory
effect of the medium, thus allowing more rapid growth. In the exam-
ination of sewage, there is a definite need for an enrichment medium
which will be capable of greater coliform inmhidbition and at the same
time allow rapid development of enteric pathogens which might bde

present,

0f the plating media, Bismuth Sulfite Agar showed the
greatest inhibition of coliforms.

The development of nmumerous black colonies during July,
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August and September by organisms having the ability to reduce sul-
fites confirmed the observations of Wilson and Blair (16). The chief
characters of this organism to which Wilson gave the name B. effluviei
are as follows: A gram-negative actively motile bdacillus with growth
on agar resembling E. coli; it liquefies gelatin, is methyl red nega-
tive and gives a positive Voges-Proskaner test; it resembles 3.
cloacas, from which it differs in its reduction of sulfites and in
being & non-lactose fermenter; it grows in Xoser's citrate solution;
it ferments glucose, maltose, mannite, saccharose (and starch) with
the production of acid and gas, and has no action on lactose, dulcite
and salicin, and it forms indol and does not decompose urea.

Acid Fuchsin Brilliant Green Agar was excellent for elim-
inating the troublesome Proteus organisms, It did, however, allow
the more-or-less unrestricted development of coliforms, The plates
were usually overcrowded with lactose fermenters, making the recog-
nition of lactose non-fermenters difficult., It should be mentioned
that difficulty may be expected in using this medium if the somewhat
alkaline pH value of 7.4 is not strictly observed in its preparation.
Salmonellas have a tendency to be inhidited at lower pH values,

Acid Tuchsin Methylene Blue Agar had no advantage over
the other plate media in the examination of sewage.

4

Motile and non-motile, indol-positive cultures were iso-
lated which produced no oS from carbohydrates when originally iso-
lated, JMany such cultures could easily be classed as Eberthella or
Shigella, but after varying periods of laboratory cultivation, many



of the straims produced gas. Stuart, Wheeler, Rustigian and Zimmer-
man (29) include these in the Paracolobactrum group as anasrogenic
variants of colifoerms. fThey found from serological and physiological
properties that the Paracolobactrum group is intermediate between
normal coliforms and Salmonella, There appears to be no sharp dis-
tinction between the groups, and a more-or-less contimious series of
types exist, This group of organisms was the cause of considerable
concern as they were often mistaken for Salmonellas on original

isolation,

During the early part of the study, Hollenbach and Dahljelm
(30) isolated an organism on Bismmuth Sulfite Agar which gave the typ-
ical colonial appearance of §. typhosa. When first cultured for
biochemical reactions, the results in lactose and sucrose were atyp-
ical in that acid was produced. Contimed incubation resulted in
these two media becoming alkaline and thus giving the typical reac-
tions expected of this organism., Subcultures from the origimsl
isolation all gave biochemical reactions typical of those described
for S. typhosa. Agglutination tests were positive in a titre of
1-320, and a culture sent to the Michigan Department of Health
Salxonells Typing Station was reported as having the somatic anti-
gens IX and XII and the flagellar antigen d. The organism was
sluggishly motile and the presence of Vi antigen could not de

demonstrated,

Agglutination tests using the control S§. typhosa organism
were positive in a titre of 1-5,120 using the same antisera as that
used for the organism isolated from sewage., Wilson and Blair (27)
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when discussing the identification of organisms isolated from sewage
state that, "The identification was completed by seeing whether the

organisa was agglutinated to full titre by a typhoid agglutinating

serun,”




CONCLUSIONS

The results of this study indicate that enrichment media,
which are quite satisfactory for fecal samples and urine, will not
adequately suppress the growth of coliforms found in precipitated

raw sewage.

Enteric pathogens, if present in raw sewage at East Lans-
ing, Michigan, were not in rumbers sufficiently large to permit
their ready isolation by the methods used in this investigation.

The use of aluminum ammonium sulfate for precipitation
of sewage at the optimum pH value is more satisfactory than the
use of aluminum sulfate., A greater concentration of the organisme

was obtained with alumimum ammonium sulfate.

The Paracolodbactrum group of organisms often give bio-
chemical and serological reactions similar to the Salmonellas upon
first being isolated from sewage. This is especially true of the

anserogenic strains,
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APPENDIX

Alumimum ezmonium sulfate solution

Aluminum smmonium sulfatee..cccccc..... ceesescesses 2 grame
m.till‘d ut.r.‘.........'........"...‘......'... lm.o ﬂ.

One ml, of this solution, when added to a 200 ml, sample equals
one grain per gallon,
Tetrathionate Broth (Bacto)

Proth base

Proteose-peptone Mo, 2 (DifCO)ecccccccrccrrcccosnee 5.0 grams
w“-bilO .‘lt'o.oooo.ocoooo-'ooooonoo-oooooaoooo. 100 m
Cllcim c&rbon&u.................................. 10.0 grams
BOdi'ml mom‘“................................. 30.0 m
Distilled water....cccocveecrvececccncccccecceeaces 1000.0 ml,

Iodine Solution

IOdim c”.t‘l.,...oooooo'aoboooooooooooooooooooooo Gtom
Pom'i“ 1oud.ocoo¢o-oococcooocotoooooooooc-oooo. 50°m
m.till.d ““rUOOOOOO..00...00..00‘..00‘.0.00!00.. 2000 .1.

To prepare 1000 ml. of mediwm, to 1000 ml, 8:! broth base which
has been boiled and then cooled to below 45 C., add 20 ml. of
the iodine solution., Shake well to mix and dispense in 10 ml,
quantities in test tubes, taking care to obtain an even distri-
bution of the insoludble material. The medium was found to give
better results when freshly prepared and used on the same day.

Selenite Broth (Bacto)

m“-m”uoooooooooooooooooooooccooooc;oooooo.. u
wto'ww'ooo.............o.n................... uo
m‘ouﬂl phﬂ'phl“oo.........‘..................... 10
sou“ ‘cid 801‘!.\1“...........oooooo..--o.......oo 5

To prepare the medium, 23 grams of the dehydrated medium are
suspended in 1000 ml. of distilled water and heated to bdoiling,
It is then dispensed into sterile culture tubes to give a depth
of medium of at least 2 inches. Excessive heating is to be
avoided. Do not sterilise in the autoclave. The final reac-
tion of the medium will be pE 7.0.
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6.

MacConkey's Agar (Bacto)
(Dehydrated - Difco)

w“‘P.PtOnOoo-oo............................-....
mucle-Pﬁptom..o.......;........................
mto.m“'..ooooooooooo.ooQoooocuooo.noooooo.o-'.
m“ Bil’ mt. m. 3....'0.......0.....'.....‘.'.
“dim chlorih...........................‘........
B‘cto-m.........................................
wto‘mtr‘l r.d...o00000.0.0000.00...oooo.'.oooo.
ww-cmul ﬁoht (DoCo‘z)oocoooooo-oco.oooo.-oo 0.001 m
m.till’d nt‘rooooooooooo.oooooooooaoooooooooooo.o 1000.0 -1.

-
-
L ]

T

-

o

To prepare the medium, 53.5 grams of the dehydrated medium are
suspended in 1000 ml, distilled water., Boil for one or two
mimutes to dissolve the medium, Steriligze for 20 minutes at

15 pounds pressure,.

Bismuth Sulfite Agar (Bacto)
(Dehydrated - Difco)

mtom.ooooa...o...o-......,....................o.
Beef OXtrastecccceccccccccenetceeccrccacccannncnnes
Mm“.................oo......o.................
m.ou\lll pho.ph“QOOQOOOOOOOOQOOOUoooooooooooooooo
hrrm .ﬂlf‘teoo.oo......oo.oo....................
Bi.mth lﬂfit‘ 1ndic‘t°rooooovooo'ooooooooooo-o'oo
w.oootooouoooooooo.oooooo-'onoooo.oooooooooooooo
Brilliant green..ccccccceccccccccccncccccacccsccnae
m.till‘d nt‘rQOQOOOO00000000000000ooo.otoooooo.oo

N

o
o§oo&oooo
EYNVABY

Tt

:

Suspend all dry ingredients in the distilled water and heat to
boil as rapidly as possidle; then allow to simmer for a minute.
Into sterile Petri plates pour 15 to 20 ml. of the medium.
This medium should not be autoclaved as prolonged heating
destroys its selectivity, Final pH 7.6 I.

Salmonella and Shigella Medium (Bacto)
(Dehydrated - Difco)

D.f Oxtr‘ct.............-.........................
mm...p.p“moooo.o.ooooto-oooo.coo...oc.oooooo.
mto‘eo...oo.......o.....oo..-......o.............
B‘l‘ '.1“0ocooooo.oooooooooooooooooooooooo-ocooooo
“um G’.tl‘lt‘......................o.......-.....o
8041“! m@.ﬂfltﬁ.......-......................-..
hrric citr.t.oooooo-oocoooooo--oo.ooc'o.oo'oooo--o
w.ooqoooooooocooo-oooooooooooooooooooooooo.oooo.
Bl‘illmt m.noooooooooooooooooooooooooono-ooo.oo.
mtr‘l r‘d......-.................................
m.t‘»ll“ "“rQOOOOCQOOOOOOOQOl..."o.100000000000

o mooo

-

°
8

T

:
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Dissolve ingredients in distilled water., Steam for 15 to 20
minutes or dbring to the boiling point. Do not allow to boil
or do not sterilise. Pour about 20 ml, medium in each sterile
Petri plate, Allow to dry with covers partially removed,

Brilliant Green Acid Fuchsin Agar

Pase medium

w.oo...o...ooo.oooo-.o.oo.oo.ocoooa.oooooo..oo.c ao.
2

”ptom......'.'..........................0......‘. [ ]

0
adim WOGhOh“oooo.....................'...... 5.
uuu chlorid‘.ooooooooooooooooooooooo'ooo'o.ooooo 5.
m.tin‘d nt.rtcooooodo.ooooo..oo.oooo.oooo...ooo. 1@.

i

Autoclave at 10 pounds pressure for 20 mimtes, adjust pH to

7.4 and filter., Add 10 grams lactose, mix and distribute in

200 ml, quantities in flasks and sterilisze at 12 pounds pres-
sure for 15 mimutes,

To prepare plates, to 200 ml, of base medium, melted and cooled
to 50° C., add 2 ml. of Andrade's indicator and mix, Add 0.8 ml.
of freshly prepared brilliant green (1 per cent) solution. Mix
and pour plates.

Acid Fuchsin Methylens Blue Agar

mfco peptOnC.......o.........o..................oo 100
mtﬂlcooooo...........................-..o. oooooo . 10.
mpom.im pm'ph‘t‘.oooooooooo.oooooooooooooooooo 30
‘C1d fﬂchlin......................................'. o.
mth’l.m blu.ooo.oooooooooo'o-oooooooooooooc-cooo oc

w.ooooocoooooooocooooooonooooooooooooooooooaooa. 15.

m'till’d "t.r......O...0.'0.00'..O....'........O. 1m°o°

T

Dissolve ingredients in distilled water dy heating. Adjust
PH to 6.6, Sterilize at 15 pounds pressure for 20 minutes.
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Dissolve ingredients in distilled water., Steam for 15 to 20
minutes or dbring to the boiling point. Do not allow to bdoil
or do not sterilise. Pour about 20 ml, medium in each sterile
Petri plate., Allow to dry with covers partially removed,

Brilliant Green Acid Juchsin Agar
Base medium

m..‘...........'.’...00.0.........0..'.00.......

P‘ptomOOOOOOIOQOOQ-non.o.0.0...0oooo.oot.co..oo-oo

“u‘m twcchoh“.....0000-..0‘...00. oooooo ecececee
“uﬂl chlorid..ooooooo.oooooaoona‘ooo.ooo..o--.ao.
m.tin‘d "t‘rooooooooooooooo-.oooo..ooocoooooooc.

20.0 grams
20.0 grams
5.0 grams
5.0 grams
1000.0 ml,

Autoclave at 10 pounds pressure for 20 mimtes, adjust pH to
7.4 and filter. A4d 10 grams lactose, mix and distribute in
200 ml. quantities in flasks and sterilise at 12 pounds pres-

sure for 15 mimutes,

To prepare plates, to 200 ml, of base medium, melted and cooled
to 50° C., add 2 ml. of Andrade's indicator and mix. Add 0.8 ml.
of freshly prepared dbrilliant green (1 per cent) solution. Mix

and pour plates,
Acid Tuchsin Methylens Blue Agar

DIfcO POPLONO.ceecececocrcocccosrsccsssacssssssance
mto.......t..... ....... ® 0 0000000 0000000000000 v L]
Dipotassium phoSphate..cccececcocccccccocccccccccns
‘cid Mhﬂin......................................5
mwhm bl“.....'.o.o.....'a'....o.oo.co..o.....

w.....ooobo.‘.cooo.ot.o.l..o.....o..o.a.."con..

m.t111°d "t‘rOOOQOQQato.0oootooooo.o'.o.cot'oo".

Dissolve ingredients in distilled water by heating.

10,
10.

owWwoo
OV OoOO0OOoO

By

L

0.

15.
1000.0

Adjust

PH to 6.6, S8terilize at 15 pounds pressure for 20 minutes.
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