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Abstract: Clostridium botulinum [C. botulinum] is an obligatory anaerobic, Gram positive, endosgorming
bacterium. It produces lethal botulinum neurotofBoNT) that causes life threatening neuroparaliiness
known as botulism. Many cases of foodborne andninfaotulism were reported worldwide. This study
determined the prevalence Gf botulinum and its spores in some Egyptian food products usimyentional

methods and Multiplex PCR.

A total number of 250 food samples (50 honey, 168 products and 100 meat products) were randomly
collected from apiaries, fish shops, butcher shogimil stores and supermarkets in Assiut City. yTthvere
examined for the presence Gf botulinum and its spores using conventional methods. MelkigPCR was
done for genotyping of isolatégl botulinum for neurotoxin genes types (A, B, E and F).

The total number of positive samples €@rbotulinum was 13 (26 %) in honey, 19 (19%) in fish produastd

21 (21%) in meat products. Supernatant filtrati8f)( method detecte@. botulinum spores in honey more
efficiently than dilution centrifugation (DC) mettio Genotyping using Multiplex PCR was successful. |
revealed thaC. botulinum type A was 10% in honey and 6% in meat products; C. botulinum type B was 20%

in honey, 5% in fish and 11% in meat products; C. botulinum type E was 14% in fish and 4% in meat products.

While, C. botulinum type F was 0%.

The present study revealed that sofoed products in Assiut City may present a poténtiazard for

foodborne and infant botulism.
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1. Introduction:

C. botulinum is an obligatory anaerobic, Gram
positive, endospore- forming bacterium that produce
a lethal neurotoxin called botulinum neurotoxin
(BoONT). BoONT is the most potent biological
substance knowiShunji et al., (1998) It causes a
fatal neuroparalytic condition known as botulism.
Botulism comes from the Latin word “botulus,”
meaning sausage. When botulism was first
recognized in Europe, many cases were caused by
home-fermented sausages. BoONT acts
presynaptically at the neuromuscular junction by
blocking acetylcholine release, thereby leading to
muscle weakness, paralysis, respiratory arrest and
death(Ornella et al, 2001)

The spores ofC. botulinum are commonly
found in soil and marine sediments throughout the
world. They also colonize the gastrointestinalttifc
fishes, birds and mammg8DC, 2004)

C. botulinum strains are divided into four
distinct phenotypic groups (I-1V) based on cultural
biochemical, and physiological characteristics
(Bremer et al., 2003).The composition of these
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groups are as following: group | include type Apé

B and type F proteolytic strains; group Il include
type E, type B and type F non-proteolytic strains;
group lll include type C and type D strains andugro
IV include type G strains. Based on its phenotypic
and genetic traits, group IV would be named
Clostridium argentinense (Sagua et al., 2009).

The pathogenecity d. botulinum is associated
with the production of 7 serologically distinct
(BoNTs), designated (A, B, C [CC)], D, E, F, and
G). The strains causing the majority of human
botulism cases belong to groups | and I1; whileugro
Il strains are the most frequent causes of botulis
animals.C. botulinumtype C and D toxins have been
guestioned as the causative agent of human botulism
However; it is suspected that these toxins are not
readily absorbed in human intestif@AM, 2001)

There are four naturally occurring clinical
categories of botulism, depending on the mode of
acquisition of botulinum toxin: 1) foodborne
botulism; 2) infant botulism; 3) wound botulism and
4) adult infectious botulism(Peck, 2009) Other
forms of human botulism are recently considered.
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These forms are inhalation botulism and iatrogenic
botulism. Inhalation botulism results from an
accidental or a deliberate release of aerosolized
BoNT. latrogenic botulism occurs as a complication
in the treatment with Botox A for therapeutic or
cosmetic us¢Sobel, 2005)

Foodborne botulisnresults from ingestion of
food containing preformed botulinum neurotoxin.
The toxin is heat labile and produced Iy
botulinum in foods that have not been properly
handled or canned as canned fish, meat and
vegetablegAhsanet al., 2005) Foodborne botulism
doesn't spread from person to person. Home canned
products, especially low acid food products attiébu
to most of the cases of foodborne botulism
(Braconnier et al., 2001)

Infant botulism is a novel form of human
botulism. In this type of botulism ingested spooés
C. botulinum colonize and grow in the infant's large
intestine and produce botulinum neurotoxin. It
doesn’t occur due to ingestion of preformed
botulinum neurotoxin in foodC. botulinum spores
can germinate in the gut of infants younger than 1
year because of: 1) their relative lack of gastric acid,

2) decreased levels of normal flora (is insuffititm
competitively inhibit the growth ofC. botulinum
spores); and 3) immature immune systems (i.c.
specifically lacking secretory immunoglobulin A).
This environment is conducive to toxin production;
therefore, infant botulism can arise from eating th
spores present in uncooked fogdsnon, 2004)

Infants are susceptible to infant botulism in the
first year of life, with more than 90% of cases
occurring in infants younger than six months
(Underwood et al, 2007) To date, all inhabited
continents except Africa have reported cases of
infant botulism. Recognition of cases seem directly
related to physician awareness and clinical susipici
(Lucia and Fabrizio, 2009) About 60% of infant
botulism cases in Europe had a history of honey
consumptior(Aureli et al., 2002)

In the laboratoryC. botulinum is very
specific in the growth requirements. It requirascst
anaerobic condition for growth. This could be
achieved by several commercial kits as anaerobic
Gas Pak System. The optimal temperature for growth
of group I, 11, lll and 1V is 35-40, 26-30, 40, aixy
°C, respectively. A value of,above 0.93 is required
to support growth and toxin production of
C. botulinum. Optimal pH for growth of C.
botulinum is from 7.0-7.2. However, their growth
limiting pH is 4.5(Vu, 2006)

The most widely used media for enrichment of
C. botulinum are non-selective broths, such as
Robertson’s cooked meat medium, or trypticase
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-peptone-glucose-yeast extract (TPGY) broth. After
enrichment the cultures are then streaked on a
non-selective agar, such as blood agar, egg ya@k ag
(EYA), modified McClung-Toabe EYA plates or
brain heart agarC. botulinum is lipase positive on
egg Yyolk containing media and producds
haemolysis on blood ag&olomon et al., (2001)

The mouse bioassay has remained the standard
test for the detection of botulinum neurotoxins.
However, several problems are associated witit; i
addition to being ethically debatable, it is lalbos,
expensive and time-consuming. Moreover, it requires
specially trained personnel and appropriate faedlit
for the animals. Detection of neurotoxin gene
fragments by PCR is a rapid alternative method for
detection and typing of BoNT-producing Clostridia
(Dario et al, 2009)

The aim of this study was: 1) to determine the
prevalence ofC. botulinum in some Egyptian food
products in Assiut City; 2) to evaluate two methods,
supernatant filtration (SF) and dilution centriftiga
(DC), used for detection df. botulinum spores in
honey; 3) to isolate and identify. botulinum using
conventional methods 4) to genotype the isol&ed
botulinum for neurotoxin genes types (A, B, E and F)
using Multiple PCR.

2. Material and methods:
Safety precautions:
Safety precautions for handlirgy botulinum in
the laboratory were performed according to the
Bacteriological analytical manugBAM, 2001)

Sample collection:

A total number of 250 food samples (50 honey,
100 fish products and 100 meat products) were
randomly collected from apiaries, fish shops, betch
shops, retail stores and supermarkets in Assiyt Cit
The samples were collected from 2009 to 2011.
Faseikh and moloha are traditional foods in Egypt
and were collected during Sham Elnessim season
(beginning of the spring).

a) Honey samples:

A total number of 50 honey samples (10 Orange
honey, 10 Medicinal plants honey, 10 Clover honey,
10 Nabak honey and 10 Black cumin honey) were
randomly collected from apiaries, retail stores and
supermarkets in Assiut City. Five samples from each
honey type were collected from apiaries and the res
five samples were retail jars collected from retail
stores and supermarkets.

b) Fish products samples:

A total number of 100 fish products (20 canned
sardine- 20 canned tuna- 20 faseikh - 20 moloha - 2
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packaged smoked fish) were randomly collected
from fish shops, retail stores and supermarkets in
Assiut City.

¢) Meat products samples:

A total number of 100 meat products (20
canned sausage —20 canned luncheon - 20 Egyptian
fresh sausage - 20 basturma and 20 packaged smoked
beef) were randomly collected from butcher shops,
retail stores and supermarkets in Assiut City.

- Ten of the canned fish and meat products were wit
normal appearance while, the rest 10 samples were
with signs of internal spoilage such as swollen,
flipper, springer and leaker.

Sample preparation:
a) Honey samples:

In the present study two methods for detection
of C. botulinum spores in honey were evaluated.
They were dilution centrifugation (DC) and
supernatant filtration (SF) method®zlem et al,
2006)

1) Dilution centrifugation (DC) method:

Each honey sample (25 gram) was diluted in
100 ml of 1% Tween 80 solution and kept in a water
bath at 65 °C for 30 minutes to inactivate othem no
sporeforming microorganisms then centrifuged for
30 minutes at 9000 xg. The precipitates were
transferred into 9 ml Trypticase Peptone Glucose
Yeast (TPGY) broth and 9 ml cooked meat medium
(CMM). Before inoculation dissolved oxygen was
removed from enrichment medium by heating in a
boiling water bath for 15 minutes then followed by
rapid cooling to room temperature in cold water
without agitation. The inoculated TPGY broth and
CMM were incubated under anaerobic condition
using AnaeroGefY' gas generating kit (Oxoid) for
7-10 days. TPGY broth was incubated at 28 °C for
isolation of non proteolytic strains @. botulinum
and CMM was incubated at 37 °C for isolation of
proteolytic strains ofC. botulinum. After 7 days of
incubation, each culture was examined for turbjdity
gas production and proteolytic activity. Culture pH
was measured using pH paper strips (Edmund
scientific) to detect acids production.

2) Supernatant filtration (SF) method:

The (SF) method resembles DC method but in
(SF) method; centrifugation was combined with
membrane filtration and the supernatant was used
instead of precipitate. Spores were captured fiwen t
supernatant by filtration through two 0.4bm
cellulose acetate membrane filters (Sartorius)gisin
filtration apparatus (Nuclepore). One filter was
inoculated into 9 ml TPGY broth and the other was
inoculated in 9 ml CMM.
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b) Fish and meat products samplegJohn and
Greg 2009)

All samples were refrigerated until being tested,
except unopened canned foods, which didn’t need to
be refrigerated. However, badly swollen canned food
which were in danger of bursting, were refrigerated
Before  testing, the product designation,
manufacturer's name or home canner, source of
sample, type of container and its size, labeling,
manufacturer's batch, lot or production code, and
condition of container were recorded. The samples
were marked with laboratory identification codes.

The surface of the cans were cleaned, dried and
the top was covered with 96% ethanol and left to
stand for 2 minutes. The residual alcohol was
decanted and flamed off. The can was placed in a
large plastic bag to avoid the spread of aerosuis a
was opened with a sterile can opener.

In a sterile mortar 20 g portion of each fish and
meat product was aseptically placed with 10 ml
sterile 0.1% peptone water then blended for 2
minutes. Mortar was placed in a large plastic lmag t
avoid the spread of aerosols.

Two grams of the prepared solid food samples
were inoculated into two screw capped bottles one
contained 15 ml TPGY broth and the other contained
15 ml CMM. The inoculated media were incubated
under anaerobic condition using AnaeroBkmas
generating kit (Oxoid) for 7-10 days. TPGY broth
was incubated at 28 °C and CMM was incubated at
37 °C. Each culture was examined for turbidity,
acidity, gas production and proteolytic activity.
Enrichment cultures with no significant signs of
growth were considered negative after 10 days.
Subcultures were done on TPGY broth at 30 °C for
16 hours for purification. Bacterial suspensiorthis
overnight culture was used for isolation @.
botulinum and to prepare DNA template for
Multiplex PCR.

DNA extraction:
DNA extraction was done using DNeasy Tissue
and Blood Kit (Qiagen, Cat. No. 69504).

Isolation and identification of C. botulinum using
conventional methodgSolomonet al., 2001}
a) Isolation of pure culture of C. botulinunt

Isolation of C. botulinum in pure culture was
greatly improved by adding equal volume of absolute
ethanol to 2 ml of enrichment culture. The mixture
was incubated at room temperature for 1 hour. A
loopfull of this treated enrichmerdulture of each
sample was streaked by plating out method on two
plates of Clostridial agar (Himedia). One of the
streaked plates was incubated at 37 °C for isalatio
of Group | (proteolytic strains) of. botulinum types
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(A, B and F). The other plate was incubated at@8 °
for isolation of Group Il (non proteolytic straingj

C. botulinum types (B, E and F). The streaked plates
were incubated for 3-5 days under anaerobic
condition using AnaeroG&H gas generating kit
(Oxoid). All cultured plates were inspected aftes 3
days for typical colonies a. botulinum.

b) Identification of C. botulinumisolates:

Typical colonies ofC. botulinum were strict
anaerobic, large (3 mm), irregularly circular, sitigo
grayish, and translucent with spreading fibrilldge
as shown in Photo (1). Films stained with Gram's
stain were made from the isolated coloni€s.
botulinum is Gram positive straight or slightly
curved bacilli with oval sub terminal spores asvemo
in Photo (2).C. botulinum produced narrow zone of
B- haemolysis on blood agar containing 10% sheep
blood as shown in Photo (3). Pure coloniesCof
botulinum were examined for catalase, lipase and
proteolytic activity. They were catalase negatine;
evolution of gas bubbles occurred upon adding a
drop of 3% hydrogen peroxide ont@. botulinum
colony. Lipase positive colonies produced a surface
iridescence which often referred to as pearly layer
when examined by oblique light as shown in Photo
(4). C. botulinum was examined for proteolytic
activity by inoculation into cooked meat medium
anareobically at 42 °C. Proteolytic strains ©f
botulinum (Type A, B and F) in cooked meat media
caused blackening of the meat, decomposing it,
reducing its volume with the formation of foul
smelling.

Multiplex PCR for detection and genotyping ofC.
botulinum types (A, B, E and F)neurotoxin genes:
a- Primers:

Four pairs of primers were used for detection
and genotyping o€. botulinum types (A, B, E and F)
neurotoxin genes as describedyrio et al, (2009)
their sequences are illustrated in Table (1).
b- Multiplex PCR components:
Multiplex PCR was performed with a 50 mixture
contained 2x Multiplex PCR master mix (Qiagen),
0.3 uM of each primer (Bioneer) and,3 of purified
DNA template.

c- Multiplex PCR amplification program:

The amplification program was conducted in a
programmable thermal cycler (Biometra, USA). The
reaction mixture was heated at 95°C for 15 min. to
activate the HotStarTaq DNA Polymerase and then
subjected to 35 cycles each consists of denatuaratio
at 95°C for 30 second, annealing at 51°C for 30
second and extension at 72°C for 90 second. This
was followed by a final extension at 72°C for 7 min
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d- Detection of Multiplex PCR products by
agarose gel electrophoresis:

PCR products were analyzed by 2% agarose gel
electrophoresis at 90 V for 70 min, and were
examined under ultraviolet transilluminator. Theesi
of the Multiplex PCR products was compared with a
standard DNA ladder (100 bp Nippon genetics) as
shown in Photo (5).

Statistical analysis:

Data entry and analysis were carried out via
Statistical Package of Social Science (SPSS) versio
16 for windows. A plan for data analysis was
established based upon the objective of the stody a
the conceptual framework. Data analysis began by
obtaining frequency distribution and descriptive
statistics for most variables. Chi- square test and
Fisher Exact test were used to measure the
significant difference in all groups. A P value 9.
was considered significant.

3. Results:

In the present study the conventional methods
and Multiplex PCR revealed the same number of
positive samples forC. botulinum in some food
products collected from Assiut City. However,
Multiplex PCR was more rapid, saved time and labor
and detected the type &. botulinum neurotoxin
genes.

The total number of positive samples for
botulinum in honey samples was 13 (26 %), (2 (20%)
in Orange honey, 1 (10%) in Medicinal plants honey,
5 (50%) in Clover honey, 3 (30%) in Nabak honey
and 2 (20%) in Black cumin honey as shown in Table

(2).

It is clear from the results in Table (3) and
Figure (2) that 10 isolates (20%) & botulinum
were isolated from samples collected from apiaries
however, only 3 isolates (6%) were detected from
samples collected from retail stores and supernsarke
in Assiut City. They were 2 (20%) isolates from
Orange honey, 1 (10%) isolate from Medicinal plants
honey, 3 (30%) isolates from Clover honey, 2 issdat
from Nabak honey and 2 (20%) isolates from Black
cumin honey collected from apiaries. On the other
hand, only 2 (20%) isolates from Clover honey and 1
(10%) isolate from Nabak honey were detected from
retail jars honey samples.

It is evident from Table (4) and Figure (3) that
13 isolates were obtained using SF method while,
only 7 isolates were obtained using DC method.
They were 2 (20%) isolates from Orange honey, 1
(10%) isolate from Medicinal plants honey, 5 (50%)
isolates from Clover honey, 3 (30%) isolates from
Nabak honey and 2 (20 %) isolates from Black
cumin honey by SF method. While, only 1 (10%)
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isolate from Medicinal plants honey, 3 (30%) isetat
from Clover honey, 1 (10%) isolate from Nabak
honey and 2 (20 %) isolates from Black cumin honey
were detected by using DC method. No positive
result was detected from Orange honey using DC
method.

It could be observed from Table (2) and Figure
(1) that by using Multiplex PCR; the total numbér o
isolated strains were 5 fa€. botulinum type A (1
(10%) in Orange honey, 2 (20%) in Clover honey, 1
(10%) in Nabak honey and 1 (10%) in Black cumin
honey) and 10 foC. botulinum type B (2 (20%) in
Orange honey, 1 (10%) in Medicinal plants honey, 3
(30%) in Clover honey, 3 (30%) in Nabak honey and
1 (10%) in Black cumin honey). On the other hand,
the number of isolated strains ©f botulinum type E
andC. botulinum type F were 0. Moreover, 2 honey
samples (1 orange honey and the other was from
Nabak honey) were positive for both types @f
botulinum (type A and type B)C. botulinum type B
strains that were isolated from honey samples were
all proteolytic but variable in the proteolytic aitly.

The total number of positive samples for
botulinum in fish products samples was 19 in a
percentage of (19 %) as shown in Table (5).

Data presented in Table (5) and figure (4)
revealed that the number of isolat€d botulinum
was 4 in canned sardine, 3 in canned tuna, 7 in
faseikh, 1 in moloha and 4 in packaged smoked fish
in a percentage of (20%), (15%), (35%), (5%) and
(20%) respectively.

The recorded results in Table (5) and Figure (4)
pointed out the number and type Gf botulinum
neurotoxin genes that were genotyped by Multiplex
PCR in fish products samples. The number of
isolated strains were 5 faZ. botulinum type B (1
(5%) in canned sardine, 1(5%) in canned tuna, 2
(10%) in faseikh, 1 (5%) in packaged smoked fish)
and 14 forC. botulinum type E (3 (15%) in canned
sardine, 2 (10%) in canned tuna, 5 (25%) in faseikh
1 (5%) moloha and 3 (15%) in packaged smoked
fish). On the other hand, the number of isolated
strains ofC. botulinum type A andC. botulinum type
F were 0. Isolated strains &f botulinum type B
from fish products samples were non proteolytic
strains belongs to Group Il, as they grew on
TPGY broth at 28 °C while, no positive result was
obtained on CMM at 42 °C

The total number of positive samples for
botulinum in meat products samples was 21 in a
percentage of (21 %) as shown in Table (6).

The recorded result in Table (6) revealed that
the number of isolatedC. botulinum were 3 in
canned sausage, 4 in canned luncheon , 8 in
Egyptian fresh sausage, 0 in basturma and 6 in
packaged smoked beef in a percentage of (15%),
(20%), (40%), (0%) and (30%) respectively.

It is clearly evident from Table (6) and Figure
(5) the number and type €. botulinum neurotoxin
genes that was genotyped by Multiplex PCR in meat
products samples. They were 6 @rbotulinum type
A (1 (5%) in canned sausage, 2 (10%) in canned
luncheon, 1 (5%) in Egyptian fresh sausage and 2
(10%) in packaged smoked beef), 11 fa@.
botulinum type B (2 (10%) in canned sausage, 1 (5%)
in canned luncheon, 5 (25%) in Egyptian fresh
sausage and 3 (15%) in packaged smoked beef) and
4 for C. botulinum type E (1 (5%) in canned
luncheon, 2 (10%) in Egyptian fresh sausage and 1
(5%) in packaged smoked beef). While, the number
of isolated strains df. botulinum type F were 0.

Eight isolates ofC. botulinum type B that were
isolated from meat products samples were proteolyti
belongs to Group I, as they grew on CMM at 42 °C
and caused blackening of the meat, decomposing it,
reducing its volume with the formation of foul
smelling. The degree of proteolysis in CMM was
variable. However, 3 isolate@. botulinum type B
strains from packaged smoked beef were non
proteolytic belong to Group II.

Concerning the results in Table (7) it is evident
that the total number of positive samples for
botulinum in normally appeared canned fish and
meat products was 2 (2.5%). While, the total number
of positive samples fo€. botulinum in canned fish
and meat products with signs of internal spoilage w
12 (15%).The number of the isolated strains was 2
(10%) in canned sardine with normal appearance. No
positive samples were found in canned tuna, canned
sausage & canned luncheon with normal appearance.

Also, it is apparent from Table (7) and Figure (6)
that the number of the isolated strains was 3 (1i5%)
canned sausage, 4 (20%) in canned luncheon, 2 (10%)
in canned sardine and 3 (15%) in canned tuna that
showed signs of internal spoilage.

Table (1): Primers used for detection and genopjing of C. botulinum
types (A, B, E and F) neurotoxin genéBario et al., 2009)

Toxin type Primers Sequence (5-3") Product size (bp)
A I0Af GGG CCT AGA GGT AGC GTA CTG 101
10A, TCT TGA TTT CCA GAA GCA TATTTT

B CEMLE; | CAGGAG AAG TGG AGC GAA AA 25
CEMLE, |CTIGCG CCTTTGTTTTCT TG

E CBMLEs | CCA AGA TTT TCA TCC GCC TA 380
CBMLE, | GCTATT GAT CCA AAACGG TGA

F CBMLF; | CGGCTT CAT TAG AGA ACG GA 543
CBMLEF, | TAA CTC CCC TAG CCC CGT AT
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324
304
Table (2): Prevalence ofC. botulinumtypes (A, B, E and F) in i:
honey samples 24
No. ?f 'Ti‘)t:l C. botulinum type Py -
Types of honey Pl A B I F 20
el 1%_
No. | % |No.| % [No.| % |No.| % [No.| % % 164
Orange honey* 10 7 (200 1 [100] 2 200 0 [00] 0 |00 11
Medicinal plants 0 | 1 |100]0 00| 1[100]000]0 00| ,|= i
honey o
Clover honey 10 5 (500 2 [200] 3 [300[ 0 [00] 0 |00 6
Nabak honey* 10 3 (30| L [100] 3 |300 0 [00] 000 :: NN
Black cumin honey 10 21200 1 |100] 1 |100( 0 00| 0 00 o Orangehoney  Medicinal plants | Cloer honey | Habskhoney  Black cumin
foney Types of honey foney J

-Total number of positive isolates in honey samples 13 (26%)
-Two honey samples (one Orange honey and the othe@as Nabak
honey were positive forC. botulinum type A and type B

o
Figure (1): Prevalence ofC. botulinumtypes
(A, B, E and F) in honey samples

A= C. botulinumtype A
E= C. botulinumtype E

B=C. botulinumtype B
F=C. botulinumtype F

32 30 —
O Apiaries
. . 304 -
Table (3): Prevalence ofC. botulinumin honey samples 2
collected from apiaries and retail jars 26
Types of honey No. of samples Source 3; » " 20
analyzed Apiaries Retail jars 0l | =
No. % No. % 184
Orange honey 10 2 20.0 0 0.0 % 16
Medicinal plants honey 10 1 10.0 0 0.0 141
Clover honey 10 3 | 300 | 2 | 200 2 i © w
Nabak honey 10 2 20.0 1 10.0 N
Black cumin honey 10 2 10.0 0 0.0 6
P —value 0.037 44
. . . 24
-Total number of C. botulinum isolates in honey samples collected| | = e ‘ -
from apiaries was 10 however, was 0n|y 3 in retajars Orange honey Medi:;inalplam Clower honey Nabak honey Black cumin
oney honey
w,
igu : v . ulinumi
Figure (2): Prevalence ofC. botulinumin
honey samples collected from
apiaries and retail jars
Table (4): Comparison of two methods used for det¢ion 60- )
A - o Orange honey
ofC. botulinumspores in honey 55 | |aMogierl prts rarey .
T fh n N 1_ l\let]md 50 IC\nVthnﬂBy
pes o1 honey 0. 0 5 m Nabak honey
samples DC SF 457 | |mBlack cumin honey
analyzed CAMM TPGY MM TPGY 404
@0 | @0 | @9 | @9 B, “
No. | % No. | % No. % No. | % % 30+
Orange honey 10 0 |00 ] 0 |00 ] 2 |2200] 0 |00 25 " " 7
Medicinal plants honey 10 1 [100] 0 |00 00| 0 | 00 20
Clover honey 10 3 [%00] 0 |00 ] 5 |%00] 0 | 09 B oM, "
Nahak honey 10 1 [100] 0 [00] 3 [300] ¢ | 0D 104
Black cumin honey 10 2 |2N0] 0 |00 ] 2 |200] 0 | 0D 51, b 00 2 0004
P -oolue 134 0 cum ‘ .?’G\’ om | ey
-SF method was more efficient than DC method wher#3 isolates oe §F )

were obtained using SF method while, only 7 isoles were obtained — -

using DC method. Figure (3): Comparison of two methods
used for detection o€. botulinum
spores in honey
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26 %
oA =
) 24
Table (5): Prevalence ofC. botulinumtypes (A, B, E and F) 2 ;E
in fish products samples 0. |mF
No. of Total C. borulinum type
. 18,
Types of fish samples isolates
products Anp A B E F 16 - 15 15
Amalyzed |TNe 7% [No.| % | Ne.| % | No.| % | No.| % 1
Canned Sardine 20 4 | 200 0|00 1]350] 3 |150] 0|00 124 0 w0
Canned Tuna 0 3 [0 000 1]50] 2 |00] 000 109
84
Faseikh 0 7 (350 0|00 2 [100] 5 |B0] 0|00 ol e . . ;
Molcha 0 1 [ 50| 0]00]0|00] T [50]0]00 N
Packaged smoked fish | 20 4 [ 200 0 (00| 1]30]3 |150] 0|00 2N | o oMl oLl oM
== e ; -‘
-Total number of positive isolates in fish products saples = 19(19%) Canned Sardine - CamedTune  Fageikh Holha - Peckaged
-There is significant difference between faseikh vs. matha Types of fish products y

(P=0.044) Fisher Exact test Figure (4): Prevalence ofC. botulinumtypes

(A, B, E and F) in fish products saples

. . 25
Table (6): Prevalence ofC. botulinumtypes (A, B, Eand F) | %7 [ga =
in meat products samples 27 | |oB
" 24 | |oE
Types of meat No. of Total C. botulinum type ol | laF
products samples | isolates y B I F ol
Analyzed TR T TN T % [No. | % | No.| % | No.| % . 15
Canned Sausage 20 30150 1 [50] 2 (1000 0 00| 0 |00 " 144
121
Canned Luncheon 0 4 [200] 2 [100[ 1 [50] 1 |50 0|00 0 1 0 10 1
Egyptian fresh sausage 20 8 (400 1 |50 5 |250] 2 (100 0 |00 8
(EFS) NEE . 5 5
Basturma 20 0 {00 0000 |00 O0J00| 000 .
Packaged smoked beef 20 6 (300] 2 [100 3 [150] 1 (50 0 |00 2
00 0 0 Yoo00 0
0 - - 5 - m.‘ L_-
-Total number of positive isolates in meat products saples =21(21%) Canned Sausage LCan:m Egptianfresh  Basturma Pmﬂf
-There is significant difference between EFS vs. bastora (P=0.003) freveen - sasage o y
-There is significant difference between packaged smek beef Types of meat products
vs. basturma (P=0.020) Figure (5): Prevalence ofC. botulinumtypes

(A, B, E and F) in meat products samples

- =
Table (7): Frequency distribution of C. botulinumin canned| . T
meat and fish products samples 201 = 0 Signs of spoilage
Appearance
No.of | Total 187
Types of canned | guples | Tsolates Normal With signs of internal 164 ; 5
duct
products Analyzed spoilage 144
No | % No. % No. % 124
10 10
Canned Sausage 20 3 [ 150 0 0.0 3 15.0 10
Canned Luncheon 20 4 1200 0 0.0 4 200 84
Canned Sardine 20 4 |200] 2 100 2 100 ®
4,
Canned Tuna 20 3 150 0 0.0 3 150 2]
0 0 [
P-value 0.005 0 - - L -
Canned Sausage Canned Luncheon Canned Sardine Canned Tuna
-Total number of positive isolates forC. botulinumin canned meat Tvoos of canned meat and fish oroducts 4
and fish products with signs of internal spoilage was 12. yp p
-However, only 2 samples were positive in canned mteand fish Figure (6): Frequency distribution of C. botulinum
with normal appearance. This result is statisticall significant. in canned meat and fish products samples
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Photo (1): C. botulinumon Clostridial agar produced large, irregularly
circular, grayish white colonies with sprading fibrillar edge.
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Ve k ' \ N . 3 K. Arrows point to
¢ P 7 . C. botulinumendospores
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Photo (2): Film from culture stained with Gram's stain showing G-am positive
C. botulinumwith oval subterminal spores.

g . -

S

.'H
AR

Photo (3): Blood agar inoculated witl C. botulinum Photo (4): Anaerobic egg yolk meium

showing narrow zone off-haemolysis surrounding the inoculated with C. botulinumshowing
colonies. lipase positive colonies.

Photo (5): Agarose gel electrophoresis for detecticof C. botulinum neurotoxin genes

M= 100 bp ladder

Lane (1): Negative control

Lane (2): Positive fo€. botulinumtype A

Lane (3) and (4): Positive faE. botulinumtype A and type B

Lane (6): Positive fo€. botulinumtype B

Lane (7), (8): Positive fd€. botulinumtype E
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4. Discussion:

Botulism is a fatal neuroparalytic illness
resulting from the action of a highly potent
neurotoxin formed during the growth Gf botulinum.
Foodborne botulism, while rare, remains a public
health emergency because of its severity and
epidemic potentialJohnson et al, (2005) Honey
has been known to conta@® botulinum spores and
considered a potential source for infant botulism
(CDC, 1998) About 60% of infant botulism cases in
Europe had a history of honey consumpt{duaireli
et al, 2002)

In the present study the total number of positive
samples foC. botulinumin honey samples was 13 in
a percentage of (26 %) as shown in Table (2). The
obtained results are adequately consistent witeetho
reported byOzlem et al (2006) who studied the
incidence ofC. botulinum spores in Turkish honey.
They could isolateC. botulinum from 6 (12.5%) out
of 48 honey samples collected from honey sold in
retail markets in Ankara. The finding in Table {8)
also in general agreement with the resultslafeset
al., (2002)who conducted a prevalence survey®n
botulinum spores in 190 honey samples. They
detectedC. botulinum spores in 8 (7%) of the 114
Finnish and in 12 (16%) of the 76 imported honey
samples.

On the other hand, there are some studies
reporting lower contamination levels withC.
botulinum spores in honey. For example, 2 studies
were done in Sao Paul®all et al, 2003) and in
Washington(Kautter et al., 1982) reported 3% and
2% contamination levels respectively.

Data presented in Table (2) revealed that the
highest prevalence of. botulinum spores was in
Clover honey (50%). This may be attributed to the
lower level of phytochemicals in Clover honey than
in darker-colored honey varieties. The inhibitory
activity of honey against different bacteria hagrbe
reported in several studig3aormina et al, 2001,
Mundo et al., 2004, Alnagdy et aJ 2005and Lusby
et al, 2005) In addition to the osmolarity and slight
acidity of honey, its antimicrobial effect is majnl
due to the generation of hydrogen peroxide via
glucose oxidase and due to a variety of
phytochemicals as flavonoids and phenolic acids and
lysozyme. Generally, darker honeys have higher
phytochemicals content than lighter honélysrezet
al., 2007)

A significantly higher prevalence ofC.
botulinum spores was noticed in honey samples
collected from apiaries than in retail jars (P 637),
this is clear from the results in Table (3) as 10
isolates (20%) ofC. botulinum were isolated from
samples collected from apiaries however, only 3
isolates (6%) were detected from samples collected
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from retail stores and supermarkets in Assiut City.
The finding may be due to ageing of honey in retalil
jars (Nakano et al., 1990) Nevas, (2006kuggested
that the difference is more likely to be caused by
dilution rather than ageing of the honey. When lyone
from different apiaries is extracted and mixed in
large containers to produce retail packages, spores
may be diluted to some extehakanoet al., (1990)
studied the Incidence df. botulinum in honey of
various originsC. botulinum spores were present in

6 of 58 Japanese honeys (10.3%), 9 of 76 honeys
from China (12%), and 3 of 15 from Argentina
(20%). Incidence was higher in samples taken from
drums (18%) soon after import, and from apiaries in
Osaka (23%), than in honeys from shops (5%).

Honey is a complex material for
microbiological investigation(Nevaset al, 2002)
High sugar content, low pH (3.9), high viscosityl
water activity (0.5- 0.6fWhite, 1978)and existence
of hydrogen peroxide via glucose oxidase enzyme
reaction inhibits microorganisms from growth
(Gross et al, 2004) Therefore, two methods for
concentration ofC. botulinum spores in honey were
evaluated. SF method was more efficient than DC
method. By using the (DC) method in preparing
honey samples; some false negative results were
obtained. This was clearly evident from the results
obtained in Table (4) which shows the detection of
13 isolates using supernatant filtration method) (SF
in contrast to 7 isolates only were obtained using
dilution centrifugation method (DC). This may be
attributed to the presence Gf botulinum spores in
the supernatant which was collected to isolate the
organism from it. However, the precipitate contains
inhibitory substances that affect bacterial growth
hydrogen peroxide, flavonoids, lysozyme, phenolic
acids and terpendblevas, (2006)

Supporting this study, other investigators found
that SF method was more efficient than DC method.
Nevas, (2006) mentioned that SF method in
processing honey samples provided sensitivity
sufficiently high to detect 0.1 spore 6f botulinum
in 1 gm of honey. This may be considered adequate
in determining whether honey is a potential cause o
infant botulism, as the number of spores in honey
samples associated with infant botulism has been
reported to vary from 5 to 80 spores/giMidura et
al., 1979)

In contrary,Ozlemet al., (2006) preferred DC
method for isolation o€. botulinum spores in honey
and failed to detedE. botulinum spores by using SF
method.

The use of Multiplex PCR in screening for the
presence of botulinal spores in honey samples was
successful. It is clear from Table (2) that the bem
of isolated strains were 5 f@. botulinum type A (1
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(10%) in Orange honey, 2 (20%) in Clover honey, 1
(10%) in Nabak honey and 1 (10%) in Black cumin
honey) and 10 fo€. botulinum type B (2 (20%) in
Orange honey, 1 (10%) in Medicinal plants honey, 3
(30%) in Clover honey, 3 (30%) in Nabak honey and
1 (10%) in Black cumin honey). On the other hand,
the number of isolated strains ©f botulinum type E
and C. botulinum type F were 0. Moreover, 2 honey
samples (1 orange honey and the other was from
Nabak honey) were positive for both types @f
botulinum (type A and type B).

C. botulinum type B strains that were isolated
from honey samples were all proteolytic but vaabl
in the proteolytic activity. This result is in geak
agreement witheric et al, (2005) who studied the
culture phenotypic properties & botulinum type B
strains isolated from infant botulism cases in the
United Kingdom and found variation in the
proteolytic activity of the isolated strains.

Foodborne botulisnresults from ingestion of
food containing preformed botulinum neurotoxin.
The toxin is heat labile and produced .
botulinum in foods that have not been properly
handled or canned as canned fish, meat and
vegetablegAhsan et al, 2005)

C. botulinum can grow and produce toxin in
foods under the following conditions: 1) natural or
nonprocessed food contaminated with spores or
vegetative cells; 2) processing treatment is
inadequate to inactivat€. botulinum spores, or the
product is resontaminated after processing; and 3)
the food is particularly conductive to create
anaerobic conditions (ex: addition of oil) thatoall
C. botulinum spores to germinate and outgrow or
vegetative cells to grow and produce togBremer
et al, 2003)

C. botulinum is ubiquitous in aquatic
environments and has been isolated from water,
ocean sediments, intestinal tract of fish and tie g
and viscera of crabs and other shellfistuss, 1981)

C. botulinum type E which is most common in
fish and fishery products is of particular concern
because it grows at temperature as low as 3- 58C a
produces little or no noticeable evidence of sggila
(Frerk, 2000)

Ingrid (2008) reported that even though a fish
might be cleaned, gutted and packaged, risk of
botulism still existed. This risk existed becauSe
botulinum spores could adhere to the surface of
fishes and find their way into muscle tissue during
processing. Muscle tissue below the surface of fish
could provide an anaerobic environment, where
outgrowth of vegetative cells and toxin production
could occur if time and temperature permitted this.

In the present study the total number of positive
samples forC. botulinum in fish products samples
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was 19 in a percentage of (19 %) as shown in Table

(5).

Data presented in Table (5) and Figure (4)
revealed thathe number of isolate®. botulinum
were 4 in canned sardine, 3 in canned tuna, 7 in
faseikh, 1 in moloha and 4 in packaged smoked fish
in a percentage of (20%), (15%), (35%), (5%) and
(20%) respectively.

In the present study, faseikh showed the highest
contamination level withC. botulinum. There is
significant differences versus moloha (P= 0.044)
Fisher Exact test. This result may be attributeth&o
traditional method that is used to process fasaiikh
to the high salt concentration in moloha that may
exceed 7%.

Faseikh is a traditional product made by
fermenting uneviscerated fresh mullet for up taay.d
Then salt-curing is done in barrels which may be
tightly sealed from 1 week to 1 ye@ngrid, 2008).

Researchers thought that, because the fish were
uneviscerated, the gut could provide a relatively
low-salt environment that protected the spores and
allowed them to germinate and produce toxins.
Despite adequate understanding of how foodborne
botulism could be avoided, outbreaks still occur,
particularly among people consuming certain high
risk ethnic foodMcLaughlin et al,, 2004)

Lindstrém et al.,, (2005)reported that the
inhibitory NaCl concentration in brine is 5% for
Group Il strains ofC. botulinum. However, Group |
strains can tolerate NaCl concentrations as high as
10% in brine.

In 1991 two botulism outbreaks occurred.
"Faseikh" was implicated in at least 91 illnessed a
18 deaths in Egypt. An ethnic fish product called
"moloha" caused a botulism outbreak involving four
family members in New Jerséyara, 2004)

In 1997 two Germans got botulism after eating
hot smoked Canadian whitefish produced in Finland
(Korkealaet al., 1998)

In 2004, a woman in New Jersey, U.S was
treated for type A botulism after eating whole,
uneviscerated, salt-cured fish, called fasefkara,
2004)

Sobel et al (2007) reported that a variety of
salted, fermented, smoked, and canned fish sources
have been implicated in type E botulism outbreaks i
the United States and worldwide. The bacterium has
been found in these dishes in spite of salt lefalf
excess of 7%. In patients exposed to low doses of
botulinum toxin type E, gastrointestinal symptoms
predominated.

The recorded results in Table (5) and Figure (4)
pointed out the number and type ©f botulinum
neurotoxin genes that were genotyped by Multiplex
PCR in fish products samples. The number of
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isolated strains were 5 fag. botulinum type B (1
(5%) in canned sardine, 1(5%) in canned tuna, 2
(10%) in faseikh, 1 (5%) in packaged smoked fish)
and 14 forC. botulinum type E (3 (15%) in canned
sardine, 2 (10%) in canned tuna, 5 (25%) in faseikh
1 (5%) moloha and 3 (15%) in packaged smoked
fish). On the other hand, the number of isolated
strains ofC. botulinum type A andC. botulinum type

F were 0.

This finding is in general agreement with the
results ofLalitha and Surendran(2002)who studied
theoccurrence o€lostridium botulinumin fresh (67)
and cured fish (257) samples in retail trade inhboc
(India). An overall prevalence of 19% (13/67) was
found in fresh retail fish and types A to D neurdto
genes were detected in the positive samples.

The prevalence of. botulinum type E in fish
and fishery products of commercial importance in
Finland was determined using PCR analysis. Five
percent of 214 vacuum packaged fish products were
positive for neurotoxin type E genlyytia et al,
1998)

In contrary,(Gibbset al, 1994)reportedhat all
82 samples of vacuum packaged hot-smoked trout
and mackerel purchased from retail outlets in the U
were negative fo€. botulinum.

Isolated strains of. botulinum type B in fish
products samples were non proteolytic strains lgelon
to Group Il, as they grew on TPGY broth at 28 °C
while, no positive result was obtained on CMM at
42 °C.

Group Il strains of C. botulinum are
psychrotrophic and thus they are able to grow at
refrigeration temperatures. Anaerobic packages and
extended shelf lives provid€. botulinum with
favourable conditions for growth and toxin formatio
Group Il (non-proteolytic)C. botulinum poses a
safety hazard in modern food processing technology,
which consists of mild pasteurization treatments,
anaerobic packaging, extended shelf lives andethill
storagg(Lindstrom et al, 2005)

The results in the present study indicated that
current fish processing practices were inadequate t
eliminate C. botulinum spores from fish products in
Assiut City.

Control of growth and toxin production fro@
botulinum in fishery products is based on spore
destruction (e.g., retorting canned foods) or
inhibition of vegetative cell growth (e.g., control
water activity below 0.93, or acidification to belo
pH 4.6, or use of approved chemical inhibitors as
nitrates, nitrites and sufficiently high NaCl
concentration ). The control measures must be
applied rapidly and uniformly throughout the produc
to protect consumers from this potentially
life-threatening toxir(Korkealaet al.,, 1998)
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The total number of positive samples for
botulinum in meat products samples was 21 in a
percentage of (21 %) as shown in Table (6).

The recorded result in Table (6) and Figure (5)
revealed thathe number of isolate®. botulinum
were 3 in canned sausage, 4 in canned luncheon , 8
in  Egyptian fresh sausage, 0 in basturma and 6 in
packaged smoked beef in a percentage of (15%),
(20%), (40%), (0%) and (30%) respectively.

The results reported in Table (6) pointed out a
significant difference between basterma versus
Egyptian fresh sausage (P= 0.003) and versus
packaged smoked beef (P=0.020).

Concerning the results in Table (6) the highest
evidence ofC. botulinum was in Egyptian fresh
sausage. This may be due to contamination from
unsanitary handling, materials and environment.

On the other hand, in the present study we
failed to detectC. botulinum in basterma. This may
be attributed to the ancient preservation method
which ensures availability of basterma today in ynan
countries. The preservation of meat is based on the
use of dry salt in preparation of Egyptian basterma
which maintain at least 8% NaCl concentration,
whereas Turkish basterma is prepared primarily by
pickling. Another important factor is the removdl o
water from meat by dryness and high salt
concentration. This reduces the water activity to
approximately 0.8 at which most undesirable
microorganisms are unable to proliferate and grow.
Moreover, the garlic paste covering the meat in
basterma has bactericidal acti@i-khateib, 1997)

In Poland, a total number of 85 cases of
foodborne botulism were registered during 2002,
including 5 deaths. Of the 85 cases, 58 were cause
by contaminated meat, including 21 cases from
contaminated, home-canned pork, and 17 cases

caused by commercially produced sausages
(Przybylska, 2004)
Multiplex PCR has the advantage of

simultaneous detection of several clostridia
possessing type A, B, E, and F botulinum neurotoxin
genes. Therefore, it can be used to test food ssEmpl
in outbreaks or in routine surveillance studipsrio
et al,, 2009)

It is clearly evident from Table (6) and Figure
(5) the number and type €. botulinum neurotoxin
genes that were genotyped by Multiplex PCR in meat
products samples. They were 6 €rbotulinum type
A (1 (5%) in canned sausage, 2 (10%) in canned
luncheon, 1 (5%)in Egyptian fresh sausage and 2
(10%) in packaged smoked beef), 11 fa@.
botulinum type B (2 (10%) in canned sausage, 1 (5%)
in canned luncheon, 5 (25%) in Egyptian fresh
sausage and 3 (15%) in packaged smoked beef) and
4 for C. botulinum type E (1 (5%) in canned

editor@americanscience.org




Journal of American Scienc2)11;7(10)

http://www.americanscience.org

luncheon, 2 (10%) in Egyptian fresh sausage and 1
(5%) in packaged smoked beef). While, the number
of isolated strains df. botulinum type F were 0.

This result is in general agreement with
Raphael et al, (2010) who reported that botulism
due to type F botulinum neurotoxin (BoNT/F) is rare
(<1% of cases), and only a limited number of
Clostridial strains producing this toxin type have
been isolated.

Supporting this studyDario et al, (2009)
described a useful Multiplex PCR method for
detection ofC. botulinum type A, B, E, and F
neurotoxin genes in clinical, food, and environnaént
samples. They detected 55 positive samplesCfor
botulinum in 234 examined honey samples. Of these
55 positive samples, 48 were positive f@.
botulinum type A and 7 werepositive for C.
botulinum type B.

The prevalence of C. botulinum in
semipreserved meat products was studie&dngtin
and Riemann (1971)they could detedE. botulinum
type A in 5 of 100 smoked turkey samples &hd
botulinum type B in one of 41 smoked chicken
samples. On the other hand, they failed to defect
botulinumin basterma, smoked beef and luncheon.

In 2007, four cases of botulism have been
reported to CDC from Indiana (2 cases) and Texas (2
cases). All four persons were reported to have
consumed Castleberry’s brand Hot Dog Chili Sauce
Original. Botulinum toxin was identified in leftove
chili sauce from an unlabeled sealable bag coliecte
from a patient’s refrigeratdCDC, 2007)

Eight isolates ofC. botulinum type B that were
isolated from meat products samples were proteolyti
belongs to Group I, as they grew on CMM at 42 °C
and caused blackening of the meat, decomposing it,
reducing its volume with the formation of foul
smelling. The degree of proteolysis in CMM was
variable. However, 3 isolate@. botulinum type B
strains from packaged smoked beef were non
proteolytic belong to Group II.

Group Il C. botulinum has been reported to be
present in vacuum packaged frankfurters, cured
luncheon meat and smoked turkey products
(Lindstrém et al., 2005)

C. botulinum spores are widespread in soil, dust
inside or outside houses, marine sediments, ingdsti
tracts of animals and fish, animal manure, vegebl
fruits, and honey. Therefore, they are potentially
present in a wide range of raw materials used én th
food industry, as well as in the environment ofdoo
processing factorig€CDC, 2002)

Concerning the results in Table (7) it is evident
that the total number of positive samples for
botulinum in canned fish and meat products with
normal appearance were 2 (2.5%). While, the total
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number of positive samples fd€. botulinum in
canned fish and meat products with signs of inferna
spoilage were 12 (15%). The recorded results padinte
out higher prevalence &. botulinumin canned food
with signs of internal spoilage which is statistiga
significant (P= 0.005).

The number of the isolated strains was 2 (10%)
in canned sardine with normal appearance. No
positive samples were found in canned tuna, canned
sausage and canned Iluncheon with normal
appearance. The nonproteolytic strains @f
botulinum type E and some type B and F do not
produce overt signs of food spoilage during growth
and toxin productioiConneret al, 1989)

Commercially canned fish has been the source
of type E botulism in a few outbreaks in the United
States and Polar(tHauschild, 1992)

Also, it is apparent from Table (7) and Figure (6)
that the number of the isolated strains was 3 (1i5%)
canned sausage, 4 (20%) in canned luncheon, 2 (10%)
in canned sardine and 3 (15%) in canned Tuna that
show signs of internal spoilage.

Canning is a method of preserving food in
which the food contents are processed and sealed in
an airtight container. During the canning process,
foods undergo hot fill process and oxygen is
removed leaving the food in an anaerobic
environment. Certain foods, such as meat is able to
bind oxygen to create an anaerobic environment. It
contains hematin and glutathione that act as reduci
agent. Home canning process for low acid food
presents an extremely high risk because time and
temperature are often inadequate. Spoiled acidid fo
should be discarded in a place where it will not be
eaten by humans or pg€Bobel, 2005)

Conclusion and recommendations:

The present study revealed that some food
products in Assiut City may present a potential
hazard for foodborne and infant botulism. Therefore
strict hygienic measures should be done when
canning foods occurred at home such as washing
hands, utensils, and food contact surfaces with hot
soapy water before food preparation and after they
touch raw meat or seafood; home canned foods
should be canned in pressure cookers to ensure the
proper time, temperature and pressure requirements
to avoid the growth of the bacteria and spores; Low
acid home canned foods should be boiled for 10
minutes before consumption; commercially canned
food should undergo a "botulinum cook" at 121 °C
for 3 minutes to reduce the survival ©f botulinum
spores; infants should not feed honey in the fiestr
of life; food from dented, bulging or leaking homme
commercially-canned food should be hygienically
discarded; uneviscerated fishes that are salt-cased
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(faseikh and moloha) must not exceed 3-5 inches in
length to ensure complete permeation of the flesh
with the inhibitory levels of salt concentrations.
Larger fishes should be avoided because they
represent a potentially life-threatening healthanelz
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