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ABSTRACT

Ubiquitous in nature, the spores of Clostridium
perfri ngens maybe present in raw meat, chicken and other
supplies required in food industry., Being heat-~
shocked in the process of cooking, the spores germinate
and multiply rapidly, under anaerobic conditions, during
the subsequent period of storage at elevated temperature.
Sufficient numbers of bacteria (1x106)'per gram of food
may infect susceptible individuals. The organisms settle
in the terminal ileum, multiply, sporulate and liberate
an enterotoxin, which through unknown mechanisms incites
the accumulatioﬁ of fluids in the intestinal lumen. This
induces a gastro-intestinal disturbance characterized by
abdominal cramps and diarrhea, The fecal samples contain

elevated (1x106) numbers of Clostridia per gram of feces,

Our results indicate that samples of "Chawarma",
broiled chicken and other food-stuffs contain C. per-~
fringens type A, and other bacterial contaminants. In
some of the samples the bacterial counts are of an in-
fectious level, The elevated frequency of the positive
samples is suggestive of the wide scope of bacterial

contamination, Im trying to determine the source of




contamination, specimens of raw meat, flies, feces and
vinegar were tested for Clostridia, Our results demon-
strate the ease with which raw materials maybe con-
taminated, A.review of the methods of preparation and
marketing of "Chawarma" and chicken revealed that the
infectivity of the food may primari}y be dependant on
the period and temperature of storage of the product

following the initial cooking,

Our results indicate the potential hazard con-
stituted by the "Chawarma", "broeiled" chicken and similar
food products and suggest that the consumption of these
foods by susceptible individuals, in sufficient quantities,
under optimum conditions may preduce an acute gaxtro-~
enteritis. We feel that infection with C. perfringens
should be added to the list of agents responsible for

outbreaks of individual or group food poisoning in Lebanon.




INTRODUCTION

Acute gastroenteritis is a elinical entity of
varying imtensity, exhibiting a spectrum of symptoms
extending from nausea, to vomiting, abdominal cramps,
diarrhea, dysentery and at times to shock-like states.
Frequently, the condition follows the ingestion of foods
contaminated with bacterial pathogens or their toxie
products., A history of food intake and the subsequent
climical picture of illness may often help in making
a tentative diagnosis. However, as symptoms of many
diseases may usually be identical, the final diagnosis‘
should rely on the isolation and identification of the -
causative agents. In Table I Collee presents some of
the features of the causative organisms of various
food-~borne diseases. Table II presents a list of food-
or water-borne infections endemic in Lebanon., An
asterisk in front of the disease indicates their associa-
tion with gastrointestinal manifestations. That Bacillus

anthracis, Vibrio cholera, salmonellae, shigellae, en

teroviruses, amebae and various intestinal parasites may

cause gastroenteritis has been known for years, On the

N R A ) o g o
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other hand, Clostridium perfringens as an agent responsible
for outbreaks of food poisoning is a relatively recent

observation,

TABLE II

Food and water borne infections
endemic in Lebanon +

T T S S e e e DS SR

Bacterial Viral Parasitic

* Anthrax * Amebiasis
Brucelloesis ¥*Enteroviruses *Ascariasis

*Cholera ~ Polioviruses Hydatid disease
Diphtheria Coxsackie . Fascioliasis

viruses

*Food poisoning Echo viruses " Taeniasis
*Salmonellosis Hepatitis A Toxoplasmosis
*Staph. aureus *Trichinosis
*c1. perfringens '
Leptospirosis

*Typhoid; Paratyphoid fever

*Shigellosis
Tuberculosis
Q fever

+ Matossian, R.M, The threat of gastro-intestinal
infections in Lebanon, Leb, Med. J. 27:139-142,
1974.




The earliest reports relating C. perfringens
to food poisoning were made by Klein (1895) and Andrewes
(1899). In 1945, McClung, in the UsS.A., first at-
tributed an enteritis outbreak to the ingestion of

food contaminated with C. perfringens. Hobbs et al.

(1953) published the classic paper characterising Ce
perfringens food poisoning and described the typical
clinical picture. Previous reports have associated heat
resistant strains of C. perfringens with the illness.
More recently, occasional outbreaks have also been
attributed to heat sensitive strains, The popularity
and extensive use of "Chawarma" sandwiches and the
introduction of breiled chicken shops to Lebanon have
suggested the possibility that these foods may induce
acute gastroenteritis following their consumption. The
occﬁrrence of abdominal cramps and diarrhea observed in
some individuals, following the intake of these foods
have indicated the need for a bacteriological screening

of these items as sold under their natural conditions.

The purpose of this project was to demonstrate
whether C. perfringens in "Chawarma" and "broiled" chicken
could play any role in the production of acute gastro-

enteritis in Lebanon.



- REVIEW OF THE LITERATURE

Clostridium perfringens is an anaerobic, spore-
forming, toxigenie, Gram positive bacillus, classified
in Bergey's Manual of Determinative Bacteriology (1974)
as belonging to the genus Clostridium of the family
Bacillaceae, The genus name closter, derived from Greek,
means & small spindle, the species name, perfringens,
from Latin, signifies breaking through, The organism
vas first isolated in 1892 by Welch and Nutall and

named Bacillus aerogenes capsulatus. Among other names

used for the same organlsm are B, phlegmones emphyse-

metosae, B. em pgysematosus, B. perfringens and C, welchll.

For convenience, and to avoid any possible confusion, the

use of Clostridium perfringens, abbreviated as C. per-

fringens was adopted in this dissertation.

The pathogenesis of gas gangrene, an illness
precipitated by the activity of C. perfringens toxins
subsequent to its anaerobic multiplication in tissues is
well documented and will not be included in the present

~ discussion,

There were early reports of intestinal disorders




due to C. perfringens in 1895 (Klein) and 1899 (Andrewes).
In 1943 Knox and MacDonald described outbreaks of food
poisoning in children after eating school meals. Gravy
prepared in bulk on the previous day was found to comtain
large numbers of anaerobic clostridia, including C. per-
fringens. McClung (1945) asserted that certain food
poisoning oﬁtbreaks were due to ingestion of cooked

poultry containing C. perfringens. Hobbs et al. (1953)

established C. perfringens type A as a major cause of
gastroenteritis, The responsible organism was heat-
resistant, nom or alpha-hemolytic C, perfringens. Sutton
and Hobbs (1968) observed that heat-sensitive strains of
C. perfringens, mostly beta hemolytic on horse blood agar,
were also responsible for outbreaks, Following these
initial reports various investigators from different
areas of the world demonstrated the global nature of the

infection.,

For example, Loewenstein (1972) reported that
C. perfringens was the cause of 54 outbreaks of food
poisoning in U.S.A. during 1970, This figure represented
22,4% of the total number of outbreaks of food-borne
disease reported to the Center for Diseasd Control (CDC)
in U.S.A. Table III lists etiologic agents and cor-

responding outbreaks reported to (CDC) in 1969 and 1970.




0f the five types of C. perfringens labelled

from A to E and differentiated on the proportion of
soluble antigens (exotoxins) in each, types A, C and D
are pathogenic for man and types B, C, D and E affect
animals (Table IV), Type A is further divisible into

serological sub4types.

TABLE III

Cases and outbreaks of food-borne

. g R N Y I T R R I ‘
illness according to specific etiologic agent, 1969
and 1970%

p—  — ————————— —— — T ST

Etiologic Agent 1969 Totals 1970 Totals
Outbreaks Cases Outbreaks Cases

C. perfringens 65 18,527 .54 6,942
C. botulinum 10 17 7 14
Salmonella 49 1,892 48 4,747
Shigella 10 1,444 8 1,668
Staphylococcus 94 3,481 102 4,699
Chemical 27 172 22 295

* Loewenstein, M.S, Epidemiology of Clostridjum

Eerfringena food poisoning, New Eng, J. Med,
6:1026-1028, 1972.
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Ep1demiologx:

g; perfringens type A maybe cultured in small
numbers from many foods both raw and cooked, and is
present in amounts not exceeding 104/gram of feces in
most healthy human adults, When it becomes established
in the terminal ileum, where toxin is produced, large
numbers appear in the fecal flora. Roasted, steamed
and stewed meats and poultry, and pies and gravies are
the predominant vehicles of infection, whether eaten
cold or reheated. When meat is cooked in bulk the heat
gain is slow and subsequent cooling is slow. The heat
drives off disselved oxygen and the meat maintains an
anaerobic environment., The heat shocked spores are
activated to germinate and when the temperature drops
below 50°C the vegetative cells multiply rapidly. The
temperature limits for the growth of C. perfringens are
about 25-50°C and the optimum temperature for groith
in cooked meat is between 43-47°C.’ The heat resistance,
heat activation and rapid generation time of 10-12
minutes are the factors which predispose this organism
to survival followed by rapid multiplication in slowly
cooling masses of meat and poultry. The growth of the

organism further depends on anaerogenic conditions within

the mass of cooked food. The presence of large numbers
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of viable cells in cooked foods, 106—8/gm, is suggestive
of a health hazard (Hobbs, 1974).

Pathogenesis:

The sequence of events in C, perfringens food

poisoning is described by Hauschild (1973): a) in-
gestion of food with about 106--107 vegetative cells of

C. perfringens per gram; b) multiplication and sporula;
tion of the organism in the small intestine; c¢) produc-
tion of enterotoxin in the sporulating cells; d) re-
lease of toxin by cell lysis; e) accumulation of fluid

in the intestinal lumen caused by enterotoxin leading

to diarrhea resulting from the excess fluid, Thus symptoms
are initiated by live microbial cells rather than pre-
formed toxin and the causative enterotoxin is produced
in vive. Ligated gut experiments in rabbits and lambs
(Duncan and Strong, 1969; Stark and Duncan, 1971; Duncan
and Strong, 1971; Hauschild, Niilo and Dorward, 1967),
with monkeys (Duncan and Strong, 1971) and volunteer
experiments in man (Strong, Duncan and Perna, 1971) have
confirmed the association between sporulation and entero-~

toxin production.

The enterotoxin is probably a protein of a

molecular weight of 36,000+ 4000 with an isoelectric point
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"of 4,3. It is inactivated by pronase and Bacillus
subtilis protease but not by trypsin, chymotrypsin or
pepain., It is heat labile with a DéooC of 4 minutes,
The minimum lethal dose (M.L.D.) for mice (I.V.) is
2000 mg N, The lethal dose of toxin causes death
within 20 minutes, Intradermal injection of toxin into
guinea~pigs and rabbits causes erythema around the in-
jection site within 1-2 hours (Stark and Duncan, 1971).
Furthermore, the enterotoxin producing human gastro-en-
teritis, fluid accumulation in the intestinal loops of
rabbits and lambs, and erythema‘in guinea—pigs wvas not
related to the lecithinase activity of the exotoxin,
Furthermore, C. perfringens type A antitoxin failed to
affect any of the intestiﬁal>manifestations of the

enterotoxin.,

In an attempt to study the mechanism of action
of the enteropathogenic factor of C. perfringens type A,
Niilo (1971) injected the cell extract of an enteropathogenic

strain of C. perfringens type A intravenously to lambs,rabbits,

and guinea-pigs. The animals presented a variety of
syﬁptoms. The author suggested that the enteropathogenic

factor may act on the small intestine causing increased

il 3 B Rl T ARt G IR
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capillary permeability, vasodilation, and increased
intestinal motility. The author also suggested
parasympathomimetic properties judging upon the effects
such as salivation, lacrymation, and nasal discharge
resulting from the injection of the cell-free products.
The alleviating effect of epinephrine and atropine was

used to support this hypothesis,

Uemura et al. (1973) reported that the entero-

toxin could be released from C. perfringens cells, in

vitro, by sonication. The free enterotoxin could be
demonstrated by the reversed passive hemagglutination
test, Sakagushi et al. (1973) described a simple method
for the purification of C. perfringens type A enterotoxin.
The enterotoxin was produced by organisms grown in Duncan-
Strong (DS) sporulation medium. It was precipitated with
ammonium suifate at 40% saturation and at a pH of 7. The
toxin was redissolved in a 0.02 M phosphate buffer, at

pH 6,7, and was then filtered through Sephadex G-200, The
purified enterotoxin was found to be at least 98% pure.
Recently, Uemura et al., (1974) used passive hemagglutina-
tion tests and detected antibodies against C., perfringens
type A enterotoxin in 82% of adult Brazilian and 65% of

adult American serum samples which they examined.
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linical Picture:

After an incubation period of 8-22 hours, patients
develop acute abdominal pain and diarrhea; nausea and
vomiting are relatively rare., Pyrexia, shivering,
headache and other signs of infection are seldom present.

The illness is of short duration (Hobbs et al., 1953).

Laboratory Diagnosiss

Direct smears of samples from suspected foods

show Gram-positive bacilli resembling C. perfringens.
Direct anaerobic cultures on blood agar plates usually
show a profuse growth of non-hemolytic C. perfringens
with a typical colonial appearance; aerobic plates often
shov scanty growth of saprophytic organisms only. Counts

of 1058

per gram of feces are considered diagnostic.
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MATERIALS AND METHODS

- A, Collection of Samples: Food dealers, selling "Cha

warma" and or "broiled" chicken, were randomly selected
from the districts of Ras Beirut, Martyrs! Square, and
Mazraa, near the Arab University (See Map).

1. "Chawarma": Slices of meat, freshly cut from the
skever were collected into loaves of Arabic bread without
the addition of any sauce, spices or vegetables, The
specimens were usually collected late in the evening, the
"Chavwarma" having been on sale for several hours i.e. since
noon. The sample of food looked wholesome and had its
natural color and taste. Twenty five specimens were
obtained for this study, The samples were enclosed in
nylon bags and cultured immediately upon arrival to the

laboratory.

2+ "Broiled" or "Roasted" Chicken: Samples of whole
chicken or sandwiches were obtained from the same dis-
tricts in conditions similar to the "Chawarma". Twenty

seven samples were tested,

.3. Eleven miscellaneous samples of food, like
roast beef sandwiches, broiled liver from a plate of mezze,

ground beef kabab and others were also collected.
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4, Raw Meat: Seven samples of raw ground beef or

lamb were purchased from butchers in the Ras Beirut area.

5. Flies: Batches of flies, collected by Mr, S,
Bidawid, of the Department of Tropical Health, from the
various districts of Beirut, were received in the form
of frozen suspensions in buffer, Thirteen batches, made

up each, of 15 flies were tested.

6. Feces: Nine samples of feces, having a normal
consistency, were obtained from the Clinical Pathology

- Laboratories of the Medical Center, A.U.B.

7. Vinegar: Two bottles of vinegar, made in Lebanon,

vere purchased from the market,

B, Isolation Procedures:

leturé Media: The use of special selective media

was considered essential to facilitate isolation of the
clostridia by inhibiting the growth of miscellaneous
organisms present in each sample, Trypticase~Sulfite-~
Neomycin agar (TSN) has been reported to be a most efficient
medium for the cultivation and isolation of clostridia

from various specimens (Hauséhild et al., 1974). Hence

this medium was used for initial isolation of organisms,

e T
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Other Supplies: The following media and products

were obtained from Difco Laboratories, U.S.A. They were
peptone, beef extract, agar, yeast extract, tryptose,
phenol red broth base, sodium thioglycollate, proteose
peptone, soluble starch, Filde's peptic digest broth,
lactose, sucrose, glucose, skiﬁ milk, and litmus.,
Baltimore Biological Laboratories (BBL), U.S.A. provided
the fluid thioglycollate medium, cooked meat medium,
trypticase soy broth, trypticase peptone, The Ferric
citrate was supplied by the British Drug Houses Ltd.
(BDH) and the Sodium Phosphate (Na, HPO,. 12H,0) by May
and Baker Ltd., both from England, Standard preparations
of all reagents were made as directed by the manufacturers.
The powdered Neomycin Sulfate was supplied by Upjohn Co.,
U.S.A. The Polymyxin Sulfate powder was provided from
Burroughs Wellcome and Co., England. Diagnostic sera for
identification of clostridia were received from Vellcome

Reagents, Beckenham, Kent, England.

Anaerobiosis: This was accomplished by theAusé
of the B-D 'Gas—Pak' jar, through the addition of a bag
of disposable hydrogen generator, containing sodium
borohydride, The liberated hydrogen combined with the
oxygen in the jar over a palladium cagtalyst. The presence
of anaerobic conditions was assessed by the use of a dis-

posable methylene blue indicator.
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Culture of "Chawarma"™:
1. Isolation of Clostridia: One gram of "Chawgrma"

was suspended in 9 ml of 0.1% peptone and homogenized
in a Waring blender, at room temperature for 3 minutes,
A loopful of the supernatant fluid was streaked over a
TSN agar plate and cultured anaerobically at 37°C for
18~24 hours. Clostridia appeared as black, smooth,
convex colonies, having a diameter of 2-3 millimeters.
Subsequent cultures were tested for purity and identi-~
fication, The method was adopted from Hauschild and

Hilsheimer (1974).

2, Isolation and Counting of Clostridia: Tenfold

dilutions from 10~ were prepared from the homo-
genized Thawarma" in 0.1% peptone. A 0.1 ml amount of each
dilution in peptone was streaked over a TSN agar plate and
the plates were cultured anaerobically, The number of
black colonies was counted, after 24 hours, and the total
bacterial number was estimated by multiplying with the
dilution factor, Additional identification of the isolates

was subsequently carried out.

Culture of Miscellaneous Organisms:

Early in the experiment, nutrient agar, blood

agar and MacConkey agar plates were also used to detect

e T IOREY
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. the types of miscellaneous becteria present in the
"Chawarma" samples, These plates were streaked with a
loopful o homogenized "Chawarma" in peptone and cultured
aerobically, at 37°C. The isolates were identified on
the basis of Gram stain; colonial morphology and bio-

chemical reactions.
Culture of Broiled Chicken:

The me thods used were essentially the same as

those deseribed for "Chawarma".
Culture of Raw Meat:

The me thods used for raw meat samples were

essentially the same as those used for "Chawarma".

Culture of Fecal Samples:

One gram of feces was suspended in 0.1% peptone
and homogenized with a Vortex mixer. Two samples were
made of each specimen., The first was heated at 80°C for
15 minutes in a water bath; the second was left at roem
temperature. Loopfuls of each were cultured anaerobically
at 37°C in TSN agar media. The black colonies were further
tested for identification of the organisms.

Fecal bacterial counts were made by preparing
-6

from the homogenate. Samples

serial dilutions of 10™1-10

i W T W T T T T
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of 0.1 ml from each dilution were streaked on TSN agar
plates, and cultured anaerobically, at 37°C, for 18 hours.
The final estimate was made by counting the number of
colonies per plate and multiplying with the dilution

factor,
Culture»of Flies:

The batches of flies were received as frozen
suspensions of 15 flies per tube, These were thawed and
a loopful of the supernate was streaked over a plate of
TSN agar, and cultured anaerobically, at 37°C, for
24 hours., The identification of the isolates was on the
basis of Gram stain, colonial morphology and biochemical

reactions.

Methods for Identification of Clostridial Isolates:

1. Morphology:

Gram stains Pleomorphic, Gram positive, bacilli
with rounded ends ané& no spores were loocked for. Presence
of other bacteria suggested contamination and led to
further attempts of purification., Motility was tested

by the inoculation of a motility medium.

2. Colonial Appearance:
T,S.N. agars Colonies of clostridia are black,

convex, smooth and 2-3 mm in diameter, These characteristics
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were used to identify the isolates.

Blood agar: Sheep blood agar plates were streaked

with the isolates and cultured, anaerobically, at 37°C.

The presence and type of hemolysis around individual

colonies was noted,

3. Biochemical Reactions: Unless specified, all

biochemical reactions were carried out in anaerobic jars,
at 37°C. These reactions included the inoculation of
tubes of:

a) Litmus milk « for stormy fermentation.

b) Glucose, lactose and sucrose broth, for

fermentation reactions.

Table V shows a key to the classification of
Clostridial species on the basis of fermentation reac-

tions.

4, Lecithinase Production:

Clostridia produce powerful exotoxins that have
defined biochemical activities and potent antigenicity.
The presence of antitoxin in the medium neutralizes toxic
activity. This reaction can be measured immunologically
and has been used in diagnostic tests., The Nagler re-
action is based on the neutralization of lecithinase,
produced by C. perfringensland few other species (See

Table IV) by a specific antitoxin in vitro. Clostridia
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FIGURE 1
KEY REACTIONS OF CLOSTRIDIA
COSE
- +
!
C. tetani
C. histolyticum
LACTOSE
- +
C. perfringens
C. hemolyticum C. septicum
C. sporogenes C. chauvoei
C. botulinum C. tertium
C. bifermentans
SUCROSE

] C. perfringens
C. septicum C. chauvoei
C.: tertium

l .
'LECITHINASE

. |
C, chauvoei ) C+ perfringens

C. tertium
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producing lecithinase develop colonies surrounded by a
cloudy halo, When tﬁe toxin is neutralized, the colonies
have clear edges. The reaction is visible to the naked
eye, when carried out on Nagler's plate containing human
serum (Nagler, 1939)., All isolates were tested for
lecithinase produétion.

Sporulation and Heat Resistance:

Early studies of Clostridia responsible for food
poisoning in humans associated the infection with the
heat resistant strains of the species (Hobbs et al., 1953).

Purther studies demonstrated the possibility that some heat

sensitive strains of C, perfringens type A may also cause
food poisoning. Heat resistance was due to the presence
of bacterial spores produced under special conditionmns,
Fecal samples contain sporulated forms, induced in the
intestinal tract., Clostridia in culture require the use
of special media to initiate sporulation. Duncan and
Strong (1968) described a medium that enhanced in vitro
sporulation of Clostridia. This medium was used in heat-

testing of the clostridial isolates.

Procedure: The Clostridia to be tested were
cultured in cooked-meat medium for 18-24 hours. One ml

of the growth was transferred to 10 ml of thioglycollate
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broth and incubated at 37°C for 4 hours., Next, 0.3 ml
of the thioglycollate culture was added to 15 ml of

Duncan-Strong (DS) sporulation medium, and incubated

at 37°C for 24 hours, Following this, the bacteria were
suspended by shaking and one ml quantities were dis-~
tributed into 3 sterile screw-capped tubes, These vere‘
nexf exposed to a temperature of 100°C each for 30, 60,
and 90 minutes, respectively, All samples were cultured
in duplicate, in thioglycollate tubes, at 37°C, for

72 hours, Turbidity in the tubes, and the presence of
Gram positive bacilli in the smears, prepared from the

tubes were considered as sufficient evidence for survival,

Serologic Typing of C., perfringens

On the basis of the production of several ex-

otoxins, C, _perfringens has been classified into 5 major
types (0f the types A-E, the first is associated with
human gastro-enteritis). A neutralization test, in the
skin of guinea-pigs, was used to identify the new isolates
of C, perfringens. Another method is the use of Swiss
white mice, following the intravenous injection of toxin-
antitoxin mixtures and the subsequent death or survival

of the animal.

Table VI presents the outline of the method

used for typing of C. perfrigens isolates by neutralization
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tests in the skin of guinea-pigs.

TABLE VI

Typing of C, perfringens;neutralization
tests in the skins of guinea—-pigs++

Antisera 0.1 ml Type of C, perfringens
No ml of - ml and toxins detected
* Piltrate A C D E Diluent A B [ D E
& B ¢ 1 « oft afp ot «l
1 0.5 - - - - 0.3 r T r =% r
2 0.5 + - - - 0.2 - r r -3 r
3 0.5 + ot = - 0.1 - - - -* r
4 0.5 + + + = 0.0 - - - - r
5 0.5 - e = - 0.3 - r r*¥ p T
6 0.5 + e - - 0.2 ind r -t T r
T 0.5 + - + - 0,1 - - -+ - r
8 0.5 + - 4+ + 0.0 I -
+ = addition of O.1 ml antiserum
r = characteristic necrotic skin reaction
# Necrosis is absent because the ¢ factor is present as

-+

1

prototoxin in filtrates of young (5 hour) cultures.
Necrosis would usually be induced by filtrates of
older (36-48 hour) cultures in which there has been
activation by bacterial proteases or by filtrates of
intestinal contents in which ¢ prototoxin has been
activated by enzymes of the gut,

Type C may produce enough « toxin to allow of some
remaining after trypsinization,

P toxin is destroyed by trypsinization., Therefore a
test for neutralization by P antitoxin may be omitted.

Mixtures 1-4 are injected on one side of the guinea pig
and 5~8 on the other, The reactions are read finally

at 48 hours.

Sterne, M, and Batty, I. "Pathogenic Clostridia”,
Butterworths, London, 1975.

R e s
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Table VII describes the methods used for typing
the C. perfringens isolates by the use of neutraliza-

tion tests in mice,

TABLE VII

i of C erfringens neutralization
3ests in mice ++

_——_——'—-—————-—_—-——u———_—___—_____— 'M

Antisera 0,1 ml¥** Types
ml of ml of
No. Filtrate A C D E Diluent A B Cc D E
€ B ¢ 1
2 0.5 + - ow - 0,2 L d d L* 4
3 0.5 + + - - 0.1 L LI* L L* 4
4 0.5 + = + = 0.1 L 4 d L 4d
5 0.5 + + 4+ - 0.0 L L L L a4d
6 0,5 + - -+ 0.1 L 4 d L* L
7 0.5 - - e = 0.3 d d 4 d d
8 0.5 t - e - 0.2 L d L+ d d
9 0.5 + 4+ - - 0.1 L d L d d
10 0.5 + -+ - 0.1 L I+ L+ L d
11 0.5 + 4+ + = 0.0 L L L L d
12 0,5 + - - 4 0.1 L d d d L
L = lived d = died
+ = addition of 0,1 ml antiserum

* = Deaths could oceur if epsilon toxin has been activated
naturally, This is likely with intestinal contents.
Although trypsinization usually destroys beta toxin., A
significant amount may remain if the original titre was
exceptionally high,

In the case of deaths suspected of being the result of factors*
or + the +test may be repeated with appropriate adjustments

of reagents; such as dilution of the filtrate; or prolonging
trypsinization; or increasing the concentration of the antiserum.

¥% The 0.1 ml of the respective antisera added contain ap-_
proximately the following units of antitoxin: 10a30B,20¢ 101.

++ Sterne, M, and Batty, I. "Pathogenic Clostridia", Butter-
worths, London, 1975.

]
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Production and Purification of C. perfringens
Enterotoxin

The method of Sakagushi et al. (1973) was followed.
Heavy growth of C, perfringens type A toxigenic strain,
No. NCTC 8798 (received from Colindaie, England) was
inoculated into the (Duncan~Strong) DS sporulating medium,
Five liters of a heavy suspension of the growth were
prepared, The cells were sedimented by ultracentrifuga-
tion, washed in saline, sonicated for 30 minutes, and
recentrifuged to get rid of cellular debris. The super-
patant was precipitated with 40% ammonium sulfate, stored
overnight and recentrifuged. The precipitate was re-
dissolved in phosphate buffer and 0.1 ml was injected
intravenously to mice. The lethal effect of the entero-

toxin was observed for 72 hours.,
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RESULTS

The food samples were cultured at 3700, under
anaerobic conditions, to obtain isolation of C, perfringens.
The identity of each isolate was carried out on the basis
of Gram stain, biochemical characteristics and sero-
logical reactions (See Table V and Fig. 2), In addition,
cultures of food samples were undertaken on bloed,.
MacConkey's and nutrient agar plates under aerobic con-

ditions.

A, ISOLATION FROM FOOD SAMPLES

Table VIII presents the characteristics of the
isolates from "Chawarma”, chicken, roast and miscellaneous
other foods obtqined under anaerobiosis. All stfains
vere Gram positive pleomorphic rods that had no visible
spores upon isolation. These characteristics were con-
sidered as typical of Clostridia. The colonial morphology
of each on the TSN medium was that of black, smooth, convex
colonies, The t¥pe of hemolysis on sheep blood agar
plates was variable; some colonies had beta hemolysis,

others were noﬁ-hemolytic. All isolates of C, perfringens

were non-motile as detected by the motility test medium,
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TABLE VIII

Isolation and identification of C. perfringens

from foods

Reactions 4 ﬁé’m‘

o ~-HO ®

[+ P no P

ord + @ -] 2] o =

K=y ori n - o @ e~ o

P A O o o orf

ot Q 4 + A 2o g

e © A4 5 ¢ o 824
Isolate 3.8 5 a 5. 8 285 Identity
P1# Chawvarma + =~ A A A CG 60 C, perfringens type 4
F2  Chicken - + A A A ©CD N.D.+
F3 Roast + - A A A CG 90 (., perfringens type A
P4 Roast - + - - A Cc ﬁ?ﬁ?"‘g“‘
F5 Roast - - A -~ A C "
F6 Roast + <« A A (A) ce 90 "
F7 Chavarma «~ - A A A NC "
F8 Chawarma - + - NC "
F9 Chawarma L 0 8 T "
F10 Chicken + - A A A CG 90 (. perfringens type A
F11 Chicken + - A A A CG 60 C. perfringens
F12 Chawvarma -~ - A A A XC E:ET—JEL—_'
F13 Chicken - = A A A NC n
'F14 Chicken - - A A A NC n
Fl15 Roast - = A A A O©D "
F16 Chawarma + =~ A A A CG 90 C. ﬁerfringens type A
F17 Chicken - - ‘ A A Cbh sdle
F18 Chawarma - + A -« A B&C "
F19 Chawarma (+) - A (A) A C€G 9 n
F20 Roast -~ + A A A NC "
F21 Roast + - A A (Lg CG 90 "
P22 Liver + - A A (A) c@ 90 "
F23 Chicken + - A A A CG 9 C. perfringens
F24 Chawarma + - A A (A) ce& 30 ' ﬁ.ﬁ.
F25 Kabab + - A A A . CG 9 C. Eerfringens
F26 Chicken - + A A A CG oD.¥*
F27 Chicken - + A A A CG "
F28 Roast + - A A A CG 90 C. perfringens
F29 Chawarma - + A A A C(G) ﬁ.ﬁ.
F30 Chawvarmsa - + A A A cG L
F31 Chawarma - + A A A CG "
F32 Roast (+) - 4o (A) (A) ca "
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TABLE VIII
(Continued)
Reactions P~ .

o PO

n wo mw

@ —HO

= e RO P

305 8 8 2 ez

P H o o o |

4 o g & £ M Lo

153 43 3 Q 9] @ o
Isolate 4.2 9 & 8 g &85 Identity "
F33 Kabab - =~ A A A XNC N.D,
F34 Liver - - A A A C6 "
F35 Chicken - + A A - XC "
F36 Chicken - + A A A XC "
F37 Chicken - = A A A C& "
F38 Chicken + - A A A CG C. perfringens
F39 Roast (+) - Ao A () ce h“'g—
F40 Steak - - A A A XNC "
F41 Chawarma -~ + A A A CG "
F42 Chawarma =~ + A A A XC "
F43 Roast - = A A A NC »
F44 Chicken - - A A A Cc n
F45 Kafta - - A A A ¢ "
F46 Lamb chips - - A A A C "
F47 Chicken - - A A A cCG "
P48 Chawarma + - A A A CG - C. perfringens
P49 Chawarma + - A A A C&¢ 90 C. perfringens type A
F50 Chawarma + - A A A €& 90 ~
F51 Roast + - A A A CG 9 "
F52 Chicken + - A A A CG - n
F53 Roast + - A A A c¢(6) N.D.
F54 Chicken + - A A A CG& 90 C. Eerfringens
F55 Kafta + - A A A CG 90
F56 Chicken - + A A A NC N.D.
F57 Chicken - - A A ‘A NC "
F58 Chicken - + A A A O©OD "
F59 Kafta + - A A A c(@) "
F60 Chawarma + - A A A CG 60 C, perfringens
F61 Chicken - 4+ A A A NC N.D.
F62 Chicken - + A - <~ NC "
F63 Chicken - 4+ A = A NC "
F64 Chicken + - A A A CG 90 C. perfringens
F65 Chawvarma + -~ A A A CG 90 "
F66 Kafta - + A A - NC N.D.
P67 Sausage + + A A A CG "
F68 Chavarma + - A A A CG 90 C. perfringens type A
F69 Chawarma + + A (A) A O©D N.D.




31

TABLE VIII
(Continued)
ﬁZactions B — !:sz =

® PO
3 "o
8 B o o o R
£33 3 8 e
o o 0 0 P 84 wpof
@ 2 4 8§ § o @e§a

Isolate § 2 % & 4 & 24§43 Identity -

F70 Chawarma + -~ A A A CG 90 C. perfringens type A

F71 Chicken + - A - A C N.D.

F72 Chawarma + - A A A CG 90 C, perfringens

F73 Chawarma + + A - = CG ﬁ.ﬁ.

F74 Chicken (+) + A (A) A ©D n

P75 Chicken - + A A A c¢(6) LA

F76 Chawarma + -~ A A A CG 90 (C. perfringens

*  Stands for sample of food tested.

#* Typing was done by serology; other isolates were

identified on the basis of reactions.,
+ Identity not determined.

QYo ~+
Ll

= negative reaction

positive reaction
uncertain.

acid reaction.
coagulated.
digested.

gas.

no coagulation.

for 90-100% of strains.
for 90-100% of strains.




32

On the basis of the sugar fermentation reactions, pro-
duction of stormy fermentation in milk and the synthesis

of lecithinase, the isolates were further classifiéd as
C. perfringens.

Forty-four percent, i.e. 11 out of the 25 samples
of "Chawarma" yielded positive cultures of C, perfringens,
Twenty-~six percent of the 27 chicken samples tested gave
similar positive cultures, Twenty—three percent of the
13 samples of roast grew C. perfringens. Of the 11
miscellaneous samplés of foed, i.e, liver, keBab, kefte,
steak and sausages, 18% yielded C, perfringens., There
was no difference in.thé percentage of isolation of

Clostridia from the three city districts under study.

Additional anaerobic isolates were also cultured.
These were Gram positive rods with terminal or subterminalk
spores, Their biochemical reactions and lecithinase pro-
duction were variable and hence they were not classified
as C. perfringens. These miscellaneous isolates were
present im 29 out of 67 samples. Two strains of anaerobic

Gram positive coceci in chains were also isolated.

Growth on blood agar plates from 67 samples

revealed the presence of 22 isolates of staphylococci.

No further studies were carried out on these organisms,
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These staphylococcal isolates were considered as
being suggestive of gross contamination, during the
proéess of food preparation and serving, Other isolates
from blood plates were strains of Proteus species,
Bacillus species and Gram positive diplo~ and strep-
tococci, On MacConkey plates, 3 out of 5 plates revealed

the presence of Escherichia coli,

B. BACTERIAL COUNTS IN FOOD

Table IX presents the C. perfringens counts per
gram of "Chawarma" tested. Out of 9 samples, 4 contained
C. Eerfringens. The bacterial counts of these samples
varied from 2.1x102 to 3.2x106 per gram, Two samples had

numbers sufficient to make the total food infectious.

C. POSSIBLE SOURCES OF CONTAMINATION

1) Raw Meat Samples:

Table X presents data about the C. perfringens

isolates from rav meat samples, Three out of

7 samples grew C. perfringens.

2) Plies:

Table XI presents the yield of C., perfringens

from 13‘pools of fly extracts, Nine out of

the 13 grew C. perfringens.
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TABLE IX

C. perfringens counts per Gram of cooked
food

Number of Organisms Per Gram of

Isolate Number "Chawarma
F 68 3.2 x 10°
F 70 2.4 x 10°
F 72 2.1 x 10°
F 76 4.0 x 104

# Stands for sample of food tested.

e R T S e
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TABLE X

Isolation of C, perfringens from samples
of rav meat

Reactions o Tdentity "
a
85 2 o o o
H ol W a (]
P A o o o
ol orl ) 4 + A
] + d Q Q ~
Isolate § .3 @ & 3.8
*
BEM 1 y = A A A CG C. perfringens type A
RM 2 + - A A A CG C. perfringens
RM 3 N.p.t
RM 4 + = A A A CG C. perfringens type A
RM 5 N.D.
RM 6 "
RM 7 "
¥ Stands for sample of raw meat tested.

*%* Typing was done by serology; other isolates were
identified on the basis of reactions.
N.¥Identity not determined.
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TABLE XI

Isolation and identification of C. perfringens
from batches of flies

Reaction e~ -
o PO .
@ wg @
q B no 3
4 & 2 a 2 2C &
Hd 9 R £ N s
e 3 2 8§ § 3 234
Isolate S 2 T @ a4 &5 = Es Ldent;tv**
No. Location
FE 1 Mreije 4+ =~ A A A CG 60 C. perfringens
FB 2 glaughter + - A A A CG 90 C. perfringens type A
ouse _
FE 3 Bour}j + - A A A CG 9 C. perfringens
Hammoud
FE 4 A.U.B. N.D. T
Campus ,
FE 5 Achrafieh "
FE 6 Martyrs' + - A A A CG 90 C. perfringens type A
Square :
FE 7 Ras Beirut + =~ A A CG 30 C. perfringens
FE 8 Slaughter + =~ A A A CG& 9 C. perfringens
House
FE 9 Achrafieh . N.D.
FE10 Mreije + - + + + €& 9 C. perfringens
FE1l Ras Beirut + =~ + <+ + CG¢ 60 C. perfringens
FE12 Martyrs' + =~ + + + CG& 90 (C. perfringens
Square
FE13 Bourj N.D.
Hammoud

Stands for sample of fly extract tested.

Typing was done by serology; other isolates were
identified on the basis of reactions.

Identity no determined.
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3) Feces:

4)

Table XII presents the results of fecal cul-
tures for C. perfringens. Four out of 9
samples were positive, The bacterial counts
of these samples were within the accepted

normal limits of . 10°>-10%

per gram of feces,
The samples of vinegar did not yield any Clos-

tridia.

D, SEROLOGIC TYPING OF CLOSTRIDIUM PERFRINGENS

1)

The guinea-pigs tested for lecithinase produc-
tion and neutralization died over the week-end

due to unknown causes,

2) Mice: The results in 13 neutralization tests

indicated that the isolates tested belonged
to C. perfringens type As These included 7
from food, and 2 each from stools, flies and

rav meat samples,

E. ENTEROTOXIN PRODUCTION

Repeated efforts to produce enterotoxin through

the method described by Sakaguchi et al., (1973) failed to

produce any detectable amounts of the product., Hence the

procedure was abandoned.
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TABLE XII

Isolation and enumeration of C. perfringens

from feces

3
Reactions § 1o w Number of Organisms
g, 28 8 Per Gram of Peces
42 a4 a & a el &
Isolate 2498 8 2 »oF
Number & o » 3 0o o = _ _ '
Type 3 £ 3 4 3 8§ 285 Heated Unheated
S1 C., perfringens .5 4
type A « - A A A C& 90 1.6x10° 1.,0x10
S2 N.D.t
83 C. perfringens 4 3
type A + - A A A CG 90 5.,2x10° 3,8x10
S4 C, perfringens+ - A A A CG 4,9x10* 1,9x10*
85 N.D.
S6 "
8T " -
S8 C. perfringens4 - A A A CG 90 6.,3x10* 2,8x10%.

89 N.D.

* Typing was done by serology; other isolates were
identified on the basis of reactions,

*% Stands for sample of feces tested,
+ Identity not determined,

. ) e R T R e e i
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DISCUSSION

Lebanon advertizes the great variety of its
restaurants wvhere food from all over the world is lavishly
presented to satisfy even the most difficult palates.
Lebanese food industry is proud of its high class organi-
zation, outward cleanliness and ego-satisfying presenta-
tion. Together with the progressive attitudes there
exist culinary conditions that are still primitive and
these being due to ignorance and carelessness, may become
dangerous. Infantile diarrhea has a high morbidity and |
mortality in the country (Harfouche, 1975). No official
statistics are available about +the subject and hence
no data can be produced., In adults, gastroenteritis is
common and its symptoms are often taken as normal mani-
festations of evéryday life, Failure of reporting has
made Lebancn the country with the lowest incidence of acute
gastroenteritis in the ﬁorld. For 1971, a single case was
reported to the Ministry of Health (Rapport Annuel des
Statistiques Sanitaires, 1971). Matossian (1974) reviewed
briefly the general situation of food and water bofne
infections in Lebanon, Anthrax is endemic among farming

animals. Human infections, following consumption of raw
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or poorly cooked meat have been recently observed.
Brucellosis exists in cattle and goats., Strains of
Brucella abortus and B, melitensis have been .
isolated from humans with fever, The disease is re-
latively rare, El-Tor strains of V., cholera were
isolated from patients with cholera in 1970, The
disease was introduced from neighbouring countries and
is not present in the area, A variety of Salmonella
strains have been isolated from human and animal sources
as well as from animal products and feeds offered in the
market. The epidemiology of salmonellosis is under in-
tensive study by Nabbut and others (Nabbut, Rizk and
Jamal, 1967; Nabbut, Jamal and Fakhoury, 1968; Nabbut
and Jamal, 1970). S. ityphi, S. paratyphi A, B and C
have been demonstrated from patients with typhoid fever.
A large outbreak of typhoid fever, a water borne in-
fection, was recently observed in the outskirts of Beirut.

Shigellosis is prevalent. Shigella flexneri, Sh, gsonnei,

Sh._smbigua and Sh, dysenteria have caused acute dysentery.
Staphxloéoccus aureus enterotoxin has caused outbreaks
of food poisoning. The possibility still exists of ac-

quiring Q fever and $uberculosis by consuming raw milk

or milk products (Matossian, 1974). No known studies of
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C. pertfingens foed poisoning have been previously under-
taken in Lebanon. Matossian (1954) isolated heat re-
sistant strains of the organisms from normal fecal

specimenSe Additional work was not carried out.

"Chawarma™ has been a national dish for many
years. aBroiled“ chicken have invaded +the food market
more recently. Although each item has a different source
of meat, method of preparation and cooking both "Chawarma"
and "Chicken" undergo a period of storage at relatively
highrtemperatnre,if the food is not immediately sold.

This common denominator has made us relate the consump-
tion of both foods to the possibility of causing food
poisoning.

The origins of "Chawarma" as a dish are unknown,
The word means "rotated" in Turkish, meaning that the food
has been fotating around a source of fire while cooking,
In the usual "Chawarma" slices of meat be they lamb, beef,
goat or other animals, are mounted on a skewer about a
meter long. Large chunks of fat alternate with the meat.
The final diameter of each preparation varies from 30-50
cms, depending on the sales capacity of the store. The

end product is immersed in a preparation of vinegar,

salts and'spices for marination, After 24 hours, the
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"Chawarma” is packed tightly, made presentable to the
public by trimming, and mounted on a broiler. The source
of heat is from one direction and as the meat rotates on
the skewer it is broiled continuously and slowly, the
dripping fat providing an additional flavor and taste

to the food (Plate I), Thin slices of cooked meat are

cut from the outer surface of the mass and enclosed in
Arabic bread together with fresh vegetables, and a

special white sauce, When the rush hour‘is over, the heat
source is removed, the "Chawarma" is kept throughout the
afternoon for the evening crowd, This is the dangerous
period. Our studies have revealed that C., perfringens

is present in raw meat sold in the market, The organism
was isolated from most batches of flies caught in various
districts of Beirut. The high incidence of positive
"Chawarma" cultures suggest that the source of the con-
taminant was most probably the raw meat preparation. The
marinating fluid is enother possibility. However, this

was not available, Two samples of vinegar yielded no

Clostridia. Hobbs (1974) believed that C. perfringens
is a highly ubiquitous organism and that it is almost
impossible to avoid contaminating the food at its source

(See Fig. 2 )¢ Our findings agree with her observation.

Hobbs (1974) also deseribed the mechanism of infectivity
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Plate I. The "Chawarma" Skewer
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FIGURE 2

HUMAN AND ANIMAL RESERVOIRES OF
CLOSTRIDIUM WELCHII®
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Edward Arnold Ltd,, 3rd. Ed., 1974,
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of food products contaginated with C, perfringens spores.
When meat is cooked in bulk, the heat gain is slow and
the subsequent cooling is slow. The heat drives off the
dissolved oxygen and the meat maintains an anaerobic
environment, The heat.shocked spores are activated and
germinate and when temperature drops below 50°C the
vegetative cells multiply rapidly. As the generation
time of C. perfringens is less than 20 minutes, astro-
nomomical figures of organisms may be produced during

the afternoon storage of the unsold "Chawarma",

The infectiousness of the "Chawarma" sandwiches
has not heen experimentally demonstrated, Cases of
gastro-enteritis following the consumption of "Chawarma”
have been observed. However, it can always be claimed
that other factors or organisms rather than C. perfringens
may have been responsible for the diarrhea, Our results
show a high incidence of positive cultures of C. perfringens
in samples, regardless of the source, be it Ras Beirut,
Martyr's Square or Mazraa., Variations in bacterial counts
have also been detected. In some samples, counts of 106/gm.
of meat were detected. In others, lower counts were present.
These variations are not considered 16 be significant as

they may depend on the cut of the e at sample, the time
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the temperature of storage and other factors. It is
quite possible that additional samples, obtained from the
same section of meat, if not sold, will give higher

bacterial counts.

To be infectious large doses of C. perfringens

8 per gram of

are needed. These range from.106—10
ingested meat. Some of the organisms maybe destroyed

by the acidity of the stomach. Why "Chawarma" is not uni-
iormly infectious maybe explained by the folldwing;~ not
all samplesAhave the same number of organisms. The use

of bread, vegetables and spices to make a sandwich may
dilute the bagcterial concentration of the end product.
Furthermore, most people may have become immune to the
enterotoxin. No jnformation is yet available, in humans,
as to the nature of immunity to C. perfringens entero-
toxin., In susceptible individuals the Glostridis settle
in the lumen of the terminal ileum or the colon, and
sporulate under anaerobic conditions., This process will
jnduce enterotoxin production which will through mecha-
nisms not well anderstood enhance fluid accumulation

in the intestinal lumen. This will lead to abdominal

colics and diarrhea, 8-12 hours after food ingestion.

Due to the rapid multiplication of the C. perfringens,




AT

large numbers of organisms will be easily detected in the

6-8

diarrheic stools. A count of 10 per gram of feces is

considered to be significant (Hobbs, 1974).
Broiled Chicken:

Chick#n, bred, killed and cleaned in farms in
large numbers are usually marketed in Lebanon in nylon
bags. Clostridia have been recovered from samples of
rav chicken sold in England and the United States. In
Beirut, the restauranis selling "Broiled Chicken" use
equipment which rotates the birds as they are being
exposed to a source of heat; The cooked chicken are
kept, warm or hot, in a special oven which has varying
temperatures. When the rush hour is over, the broiled chicken
are kept at reduced temperatures, The situation is rather
similar to that of the "Chavarma”, Upon demand, the un-
sold chicks are either slightly heated or sold asbsuch.
Our results indicate that the presence of C. perfringens
in samples of chicken is suggestive that this item may
serve as an additional item in food poisoning, The author
and his friend were victims of such poisoning, as
evidenced by the onset of diarrhea 8-10 hours after- the
intake of suspicious looking chicken sandwiches, some-
where in Mount Lebanon. The initial high fecal count of
C. perfringens and its gradual drop within few days,

helped im making the diagnosis possible. (See Fig: 3).
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FIGURE 3
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Variations have been observed in the type and
number of C., perfringens present in the fecal samples
of the human population, These variations maybe depend-
ant on nut;itional, cultural and behavior patterns of

the groups under study (See Table X III).

TABLE XIII

Reported faecal carrier rates for heat-
resistant strains of Cleostridium wedchii¥*

m

Carrier rate

Year Authors. Population Country
1953 Hobbs et al,  General England 2.2
1957 Dische & Elek Hospital and England _ 20
hospital-as-
sociated ,
1961 Lezgi?g, %3?ce Hospital (re- ; 14,5-22
and Meyne cently admitte
patients) dEngland
Hospital (es- 30-32.5
tablished
inpatients) :
1961 Turner and Hospital and Hong Kong 63
Vong hospital-as- .
soeiated
General England 9
1961 Collee et al. Students Scotland 6-8
1966b Sutton : General 1,5-6.0
Subjects as— 15,125
:g;;z;:% with  yustralia

feeding and/or
_poor hygiene

* Collee, J.G. Bacterial challenges in food, Postgrad.
Med. J. 503 636-643, 1974,
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Other variations maybe due to the shortcomings
of the techniques and media used in counting the

organisms. Due to the ubiquitous nature of C., perfringens,
exposure to the organism present in foods maybe quite
frequent, especially in doses that are not sufficimt to
produce clinical manifestations, A highiégidence in human
fecal samples may suggest the. existende of a health
hazard which though harmless to the group under study may

affect more susceptible individuals,

In an area of the world where gastrointestinal
disturbances are considered to be part of the every-
day nuisances, to be endured as a way of life, it is very
difficult to assess the significance of our results. Data
neéessary to evaluate the extent of food and water borne
infections are either inaccurate or missing., Hence we
could not determine which fraction, if any, of the total
cases of gastroenteritis is due to C. perfringens. The
"Chawarma®™ and "Chicken" industries, are well established
and are here to>stay. The sanitary regulations in the
country are usually observed by few institutions., Under

the circumstances it can only be concluded that varying

counts of C. perfringens, a known pathogen, are present
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in "Chawarma" and "Broiled" chicken, and that these may

constitute an actual or potential health hazard to the

consumer.,




52

APPENDIX

DUNCAN-STRONG SPORULATION MEDIUM (DS)

Yeast Extract 0.4%
Proteose Peptone 1.5%
Soluble Starch 0.4%
Sodium Thioglycollate 0.1%
Na, HPO,. TH,0 1%

LITMUS MILK (Difco)
For 1 liter of distilled water:

Bacto-Skim Milk 100g.
Bacto~Litmus 0.75g.

MOTILITY TEST MEDIUM
Por 1 liter of distilled water:

Tryptose 10g.
Sodium Chloride 5g.

Agt;,r Sgo
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LECITHINASE TEST MEDIUM

Human Serum 2,65 ml

Fildes' Peptic Digest Broth 0.65 ml
Nutrient Agar 10 ml

SUGARS

Phenol Red Broth Base

Agar 0.1%
Sodium Thioglycollate 0.1%
Sugar (glucose, lactose

- or sucrose) 1.0%

TRYPTICASE SULFITE NEOMYCIN AGAR (TSN) (BBL)

In 1 liter of distilled water:

Trypticase Peptone 15¢.
Sodium Sulfite 1g.
Neomycin Sulfate 0.02g.
Polymyxin Sulfate 0.05g.
Yeast Extract 10g.
Ferric Citrate 0.5g.

Agar .13.50¢g.
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