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ABSTRACT

This study was conducted to determine the guantitites
of Campylobacter jejuni, Campylobacter coli, Salmonella;
fecal positive Klebsiella pneumoniae, and Escherichia coli
0157:H7 in fresh hand picked blue crab (Callinectes sapidus)
meat. An attempt was made to correlate these selected
pathogens and general microbial quality to processors
sanitation practices and facility size.

Hand picked crabmeat samples from 12 blue crab
processing facilities in the Chesapeake Bay region were
collected and analyzed. Twenty samples from each of the
different facilities were collected on different processing
days. Facilities were chosen based on production levels and
Virginia Department of Health inspection scores as an
indicator of sanitation practices {(excellent > 94.5,
acceptable < 94.5). All samples were tested between 16 h
and 36 h after collection.

Campylobacter jejuni was isolated from 36 (15%) of the



240 samples and Campylobacter coli was isolated from 14

(5.8%) . Quantitative levels in all case were below limits
of detection (<0.30 MPN/g). Klebsiella pneumoniae was
isolated from a total of 51 (21%) samples. Counts ranged

from less then 0.30 to 4.3 MPN/g. Aerobic plate counts
ranged from 7.4x10° to 4.6x10°® CFU/g with coliform counts
ranging from <0.3 to 32.8 MPN/g. Fecal coliform levels were
<0.3 to 2.26 MPN/g and Escherichia coli from <0.3 to 0.77
MPN/g. Salmonella and Escherichia coli 0157:H7 were not ~
detected in any of the 240 samples analyzed.

No significant differences (p<0.05) between size and
inspection scores were observed for general microbial
quality, the presence of Klebsiella pneumoniae, or

Campylobacter species.



ACKNOWLEDGMENTS

The author wishes to express sincere gratitude and
appreciation to his major professor, Dr. George J. Flick,
Jr., for his guidance and support. I would also wish to
thank my graduate committee members, Dr. Alpha A. Diallo and
Dr. Robert E. Croonenberghs for their instruction,
assistance, and advice.

Additionally, I would like to thank the following
people for assistance in my research. Robert J. Wittman for
his assistance in coordination and sample collection. T.
James McAdams for his assistance in running of samples, and
Custodio Fernandes, Joe W. Boling, and Brian R. Smith for
their assistance in laboratory methodology. All of these
individuals helped and supported me making this moment

possible.

iv



TABLE OF CONTENTS

ABSTRACT

ACKNOWLEDGEMENTS

TABLE OF CONTENTS

LIST OF TABLES AND FIGURES

INTRODUCTION

SECTION TI:

LITERATURE REVIEW

A. Escherichia coli 0157:H7

1.

2.

5.

6.

Historical Background

Taxonomy, Nomenclature, and Morphology
Growth Characteristics

Pathology

Epidemiology

Methods of Isolation

B. Campylobacter jejuni/coli

1.

2.

5.

6.

Historical Background

Taxonomy, Nomenclature, and Morphology
Growth Characteristics

Pathology

Epidemiology

Methods of Isolation

C. Klebsiella pneumoniae

1.

2.

3.

Historical Background
Taxonomy, Nomenclature, and Morphology
Growth Characteristics

v

ii

iv

viii

10

13
13
14
18
19

22

29
29

30



4. Pathology . . . . . . . . . . . . . . . .31
5. Epidemiology . . . . . . . . . . . . . . . 32
6. Methods of Isolation . . . . . . . . . . . 33

D. Salmonella

1. Historical Background . . . . . . . . . . . 35

2. Taxonomy, Nomenclature, and Morphology . . 35

3. Growth Characteristics . . . . . . . . . . 36

4. Pathology . . . . . « . . . . . . . . . .37

5. Epidemiology . . . . . . . . . . . . . . .38

6. Methods of Isolation . . . . . . . . . . . 40
REFERENCES.

SECTION II: Qualitative and Quantitative analysis of
Campylobacter jejuni and Campylobacter coli in Fresh Blue
Crab (Callinectes sapidus) Meat

Abstract . . . . . . . . . . . . . . . . . . . . . 55
Introduction . . . . . . . . . . . . . . . . . . . 5s
Materials and Methods. . . . . . . . . . . . . . . 58
Results and Discussion . . . . . . . . . . . . . . 61
References . . . . . . . . . . . . < . . . . . . . 64

SECTION III: Analysis of Campylobacter jejuni,
Campylobacter coli, Salmonella, Klebsiella pneumoniae, and
Escherichia coli 0157:H7 in Fresh Hand Picked Blue Crab
(Callinectes sapidus) Meat

Abstract . . . . . . . . . . . . < . < . . . . . . 66
Introduction . . . . . . . . . . . . . . . . . . . 68
Materials and Methods . . . . . . . . . . . . . . 72
Results and Discussion . . . . . . . . . . . . . . 74

vi



References
SUMMARY

VITAE

vii

85

.89

.93



LIST OF TABLES AND FIGURES

Table 1. Different Characteristics of Medically
Important Campylobacters. c e e e

Table 2. Formulation of Different Selective Agars

Table 3. General Microbial Quality and Presence of

Campylobacter jejuni/coli (# pos. of 20 samples)
for Twelve Processing Plants. e e e

Table 4. Five Inspection Scores and Blue Crab
Processing Facility Overall Sanitation Rating

Table 5. Number of Pickers at Each Blue Crab
Processing Facility and Facility Size
Designation .

Table 6: Bacterial Counts for General Microbial
Quality of Fresh Handpicked Crab Samples from
Twelve Processing Facilities. . ce e

Table 7: Summary General Microbial Data of Blue
Crab Meat from Twelve Procesgsing Facilities

Table 8: A Comparision of Facility Size and
Santitation and Standard Aerobic Plate Counts
of Fresh Hand Picked Blue Crab Meat with ICMSF
Suggested Criteria.

Table 9: Pathogenic Bacteria in Fresh Blue Crab
Meat from Twelve Processing Facilities.

Table 10: Summary of Pathogenic Bacteria in Blue
Crab Meat from Twelve Processing Facilities

Table 11: Number and Species of Campylobacter

Isolates Broken Down by Facility Size and
Sanitation Practices.

viii

.17

.28

.63

.77

.78

.79

.80

.81

.82

.83

.84



INTRODUCTION

In September, 1926 the Food and Drug Administration
(FDA) investigated the crabmeat industry of Virginia and
Maryland because of a food poisoning outbreak in Chicago
linked to crabmeat contaminated with Salmonella suipestifer
(Slocum, 1955). Since that time, the FDA has continued to
initiate regulatory actions against firms producing crabmeat
under insanitary conditions. During the last decade, the
emergence of "new" pathogens including Listeria
monocytogenes, Escherichia coli 0157:H7, Campylobacter
jejuni and Campylobacter coli has led to increased consumer
and governmental interest on the safety and wholesomeness of
all food products. Ready-to-eat fresh seafood, because it
is highly perishable under the best storage conditions, is
continually evaluated for the presence of pathogenic
organisms causing, or capable of causing, seafood related
foodborne illness (Phillips and Peeler, 1972; Foster et al.,
1977; Wentz et al., 1985; Slabyj et al., 1990).

Campylobacter jejuni is the leading cause of
gastroenteritis in the world (Gilbert, 1988). In studies
where both Salmonella and Campylobacter species were
analyzed, Campylobacter cﬁltures out numbered Salmonella
isolates 10 to 1 in college students and 2 to 1 in a
multicenter study (Tauxe et al., 1987). The infectious dose
for C. jejuni has been estimated at less than 200 organisms
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(Doyle, 1985) and this could be one of the reasons for its
occurrence as the leading cause of gastroenteritis. Studies
showing the presence of thermophilic Campylobacter species
in seawater indicates the need to evaluate the seafood
industry for possible microbiological contamination (Alonso
and Alonso, 1993).

Salmonella is also a leading cause of human
gastroenteritis. Reported cases of Salmonella infections
have increased 100 fold from 1942 to 1988 (Chalker and
Blaser, 1988). Despite improvements in diagnosis which can
account for a definite increases in cases, there is no
evidence of a decline in Salmonella infections in recent
years (Madden, 1994). Instead there may be the overall
appearance of an increase in the incidence of Salmonella as
a result of extremely virulent and infective strains and
immunosuppression caused by age, preexisting conditions, and
autoimmune disease.

Escherichia coli 0157:H7, is the cause of hemorrhagic
colitis, which is characterized by large amounts of blood in
the stool and can lead to hemolytic uremic syndrome and
thrombotic thrombocytopenic purpura (Riley et al., 1983).
The organism is mainly associated with dairy cattle, however
it has been the cause of foodborne infection in other food
products. E. coli 0157:H7 has been of great interest in the
media in recent years possibly because the highest incident
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rate of E. coli 0157:H7 is in children and because death is
associated with the disease. It has been estimated to
affect 6.1 children per 100,000 population (Ostroff et al.,
1989) . Most outbreaks of E. coli 0157:H7 are related to
food consumption, and because of this continued evaluation
of E. coli 0157:H7 in food products is required, especially
in ready-to-eat foods.

Klebsiella pneumoniae is an opportunistic human
pathogen leading to bacterial infections including pneumonia
and urinary tract infections. In recent years, infections
caused by Klebsiella have increased due to strains with
multiple antibiotic resistance. The human gastrointestinal
tract is the main reservoir and the hands are the main mode
of transmission. The estimated incidence of bacteremia is
between 71,000 and 330,000 cases per year in the United
States (Wolff and Bennet, 1974; McCabe et al., 1972) and the
mortality rate varies between 20 and 50% (Torre et al.,
1985). Klebsiella species, in relation to Escherichia coli,
are the second leading cause of bacteremia. Like
Escherichia coli, the species is known to be present in
numerous food products (Roa and Roa, 1983) and can be used
to identify spoilage. However, extensive studies on the
incidence of Klebsiella species in fresh food and their
impact on foodborne disease have not been conducted.

The objective of this thesis was to determine the
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presence of Campylobacter jejuni, Campylobacter coli,
Salmonella species, Klebsiella pneumoniae, and Escherichia
coli 0157:H7 in fresh blue crab (Callinectes sapidus) meat
and to compare quantitative and qualitative levels of these
pathogens to processing facility size and general sanitation

practices.



SECTION TI: LITERATURE REVIEW

A. Escherichia coli 0157 :H7

1. Historical Background

Escherichia coli was first identified by Dr. Theodor
Escherich in 1885, and the bacterium was considered to be a
harmless commensal of the human intestinal tract (Padhye and
Doyle, 1992). However, a few strains of pathogenic E. coli
do exist and enterohemorrhagic E. coli (EHTC), which
includes E. coli 0157:H7 and E. coli 026:H11, is the most
virulent.

Escherichia coli 0157:H7 was first isolated in 1975
from a woman with grossly bloody diarrhea. Then in 1982, E.
coli 0157:H7 was identified as a human foodborne pathogen
(Riley et al., 1983). This occurred following two food
associated outbreaks of hemorrhagic colitis. The first was
in Oregon involving 26 cases and the other involved 21 cases
in Michigan (Riley et al., 1983). Since that time it has
been well documented as the cause of hemorrhagic colitis
which is characterized by large amounts of blood in the
stool (Farrag et al., 1992; Madden, 1994).

2. Taxonomy, Nomenclature, and Morphology

Escherichia colli is a gram negative, facultative,
nonspore-forming bacillus. The species is classified by
serotyping, particularly against the "O" and "H" antigens of
various strains. The four sub-groups of diarrheal E. coli
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are Enterotoxigenic (ETEC), Enteroinvasive (EIEC),
Enteropathogenic (EPEC), and Enterohemorragic (EHEC) .
Enterohemorragic is currently the serotype of greatest
concern and is the most virulent of any of the four sub-
groups.

E. coli 0157:H7 produces most biochemical reactions
typical of E. coli. However, unlike other E. coli
serotypes, E. coli 0157:H7 does not ferment sorbitol and is
nonhemoltic on sheep- or rabbit-blood agar. Almost 93% of
E. coli ferment sorbitol, 0157:H7 does not (Honish, 1986).
E. coli 0157:H7 also do not show f-glucuronidase activity
like over 90% of other E. coli strains (Feng and Hartman,
1982) .

3. Growth Characteristics

The temperature of growth of E. coli species can range
from 2.5 to 45°C depending on the strain. E. coli 0157:H7,
is one of the most hardy of the species and can survive
freezing and refrigeration temperatures. Farrag and
colleagues (1992) showed that E. coli 0157:H7 can survive
without a decrease in viable counts for 120 hours at 4 or
7°C. Doyle and Schoeni (1984) showed no decrease in E. coli
0157:H7 after 9 months at -20°C. Doyle and Schoeni also
showed that the organism did not grow and could not be
isolated at temperatures above 44°C, which is often used in
the detection of other E. coli strains. This played a very
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important role in the early failures of researchers to
isolate E. coli 0157:H7.

The optimum growth temperature of E. coli 0157:H7 is
37°C, but prolific growth will occur between 30 and 42°C.

E. coli 0157:H7 has generation times of 0.49 hours at 37°C
and 0.64 hours at 42°C (Doyle and Schoeni, 1984).

Studies of thermal inactivity in ground beef show E.
coli 0157:H7 is not usually heat resistant. The organism is
more sensitive to heat than typical Salmonella specieg with
D-values of 270, 45, 24, and 9.6 seconds at 57.2, 60.0,
62.8, and 64.3°C, respectively. E. coli 0157:H7 does
however show a significant heat-shock response after heating
to 42°C for 5 minutes (Murano and Pierson, 1992).

4. Pathology

The mechanism for the illness caused by E. coli 0157:H7
is not fully defined, but several factors have been
associated with its virulence. The production of one or
more cytotoxins is believed to be the greatest of these
factors, and in 1977, Konowalchuck et al., observed the
first effects of one or more cytotoxins termed verotoxins
(VvT) (Padhye and Doyle, 1992). Since that time, the VT of
E. coli 0157:H7 have been determined to be an
indistinguishable form of shiga toxin and has been described
as a shiga-like toxin (SLT). A second and third verotoxin,
named VT1l and VT2, along with variants of VT, which are
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antigenically distinct from the previous VT, have also been
reported (Padye and Doyle, 1992).

In addition to verotoxins, the adhesion of E. coli
0157:H7 to intestinal cells may be important in the
organism’s pathogenicity. Little or no fever is associated
with patients infected with E. coli 0157:H7 which suggests
the organism is not invasive and does not enter the
circulatory system. This would mean the organism must
colonize the intestinal tract producing toxins, which are
subsequently active on the colon (Padhye and Doyle, 1992).
However, published studies are conflicting on the adherence
of E. coli 0157:H7 to different tissue cell culture and the
importance of pili in adherence is unknown.

The three principle illnesses attributed to E. coli
0157:H7 are hemorrhagic colitis, hemolytic uremic syndrome,
and thrombotic thrombocytopenic purpura. Hemorrhagic
colitis is a clinical syndrome which is characterized by
abdominal cramps and watery diarrhea, which later becomes
extremely bloody. Vomiting also may occur, but little or no
fever is generally observed. The incubation period for the
onset of disease ranges from 3 to 9 days and the duration of
illness ranges 2 to 9 days (Riley et al., 1983).

Hemolytic uremic syndrome (HUS) is the leading cause of
acute renal failure in children. The pathogenicity of HUM
is associated with toxins damaging endothelial cells,
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causing excess clotting and accumulation of waste product in
the blood (Cleary, 1988). The disease occurs as a triad of
acquired hemolytic anemia, thrombocytopenia, and renal
failure, in otherwise healthy individuals. Patients appear
seriously ill or jaundiced and hypertensive. Dialysis and
blood transfusions are usually required and heart failure,
seizures, coma, and hypertensive encephalopathy may develop.

Thrombotic thrombocytopenic purpura involves the
central nervous system, but is very similar to HUM.
Thrombotic thrombocytopenic purpura consists of
microangiopathic hemolytic anemia, thrombocytopenia,
fluctuating neurologic signs, fever, and mild azotemia
(Padhye and Doyle, 1992). It usually occurs in adults, and
patients often develop blood clots in the brain. Death is
the most frequent result.

5. Epidemiology

Most E. coli 0157:H7 infections are related to food
consumption. Escherichia coli 0157:H7 has been linked to
the consumption of ground beef, but also has been isolated
from raw milk, pork, and poultry (Doyle and Schoeni, 1987).
Ground beef was either epidemiologically linked or suspected
as the vehicle of transmission in the two outbreaks in
Oregon and Michigan in 1982, in Ontario in 1982, in Nebraska
in 1984, in Alberta in 1986, in Utah in 1987, in Minnesota
in 1988, and recently in several states throughout the
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Western United States in 1993. Several other outbreaks have
also implicated food vehicles as ham, turkey, cheese, turkey
roll sandwiches, milk, and some person to person infection
(Padhye and Doyle, 1992).

It is, however, difficult to determine the true
incidence of E. coli 0157:H7 infections, because only eleven
states (as of October, 1992) required reporting of the
isolation of E. coli 0157:H7, and only four states require
the reporting of Hemolytic Uremic Syndrome (HUS) to the-
Centers for Disease Control, Atlanta, GA. (MacDonald and
Osterholm, 1993).

6. Methods of Isolation

The rapid fluorogenic assay generally used for the
determination of E. coli species from other coliforms is
negative for E. coli 0157:H7. 1In the test, the compound 4-
methylumbelliferone glucuronide (MUG) is hydrolyzed by
glucuronidase enzyme present in most E. coli strains, this
enzyme is not present in E. coli O0157:H7. As was mentioned
earlier, E. coli 0157:H7 does not grow at temperatures
traditionally used to isolate other E. coli strains. For
these two reasons, the isolation of E. coli 0157:H7 was
difficult in early years after the discovery of the
organism.

Generally, laboratory screening methods have been based
on the sorbitol negative reaction of the organism after 24
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hours incubation and agglutination in E. coli 0157:H7
antiserum. Selective media such as MacConkey sorbitol agar,
(Difco, Detroit, MI) which contains 1% sorbitol instead of
lactose, have been used for the detection of sorbitol-
negative E. coli 0157:H7 colonies in both food and clinical
laboratories (March and Ratnam, 1986). The United States
Food and Drug Administration uses the previously described
isolation technique (Hitchens et al., 1992).

More recently, new, rapid methods have been developed
for the isolation of E. coli 0157:H7 including the use of
Antibody coated magnetic beads and a 3M Petrifilm™ test
kit-HEC, incorporating a reactive disc blot ELISA for E.
coli 0157:H7 antigen. In the coated magnetic bead test,
Escherichia coli 0157 specific antibody, coated on magnetic
beads, is used to concentrate and remove E. coli 0157:H7
from mixed cultures and meat samples (Okrend et al., 1992).
This procedure allowed for the recovery of 48 to 100% of E.
coli 0157:H7 with the two E. coli 0157, :H7 and :non-H7,
strains competing with one another reducing isolation rates.

The 3M-Petrifilm method combines an immunoblot assay
with the USDA culture methods to produce a fast and
efficient screening procedure with negative and positive
assumptions in 26-28 hours (Okrend et al., 1990). TIsolation
and confirmation of presumptive positive requires an
additional 3 to 4 days. The sample is directly incorporated
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into enrichment broth and is incubated for 6 to 8 hours at
37°C. The enrichment broth is then directly added to 3M
Petrifilm E. coli Count plates and incubated at 42°C for 18
hours and then tested for the presence of 0157 antigen by
using a reactive disc (contacted with plate surface) which
is washed to remove adhered agar from the disc. The disc is
then placed at room temperature and if the conjugate is
present it attaches to 0157 antigens that are bound on the

disc, and a gray spot will appear.
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B. Campylobacter jejuni/coli

1. Historical Background

Campylobacter was first discovered in 1909 by two
veterinarians, J. Macfaydean and S. Stockman. Then in 1919,
after isolation of the organism by Theobald Smith
investigating infectious abortions of bovines, the first
name was proposed, "Vibrio fetus" (Franko, 1987). Twelve
years later Jones et al. (1932) described a "Vibrio" they
called "Vibrio jejuni", associated with dysentery in calves,
and in 1938 a outbreak of acute diarrhea in humans from
contaminated milk led to the isolation of the same organism
from patient blood cultures (Levy, 1946). In 1963 it was
proposed that the genus of "Vibrio" be changed based on
different biochemical, serological, and DNA base-pair ratios
(G + C mol%) to two separate genuses Vibrio and
Campylobacter (Franco 1987). 1In 1971, Dekeyser et al.

(1972) isolated Campylobacter jejuni for the first time from
human stool samples, and by 1980 Campylobacter was
considered a leading cause of gastroenteric disease in
humans.

2. Taxonomy, Nomenclature, and Morphology

The genus Campylobacter, meaning "curved rod" in Greek,
is a member of the family Spirillaceae. Campylobacter
bacteria are nonsporeforming, gram-negative bacteria with a
curved, spiral, or S-shaped morphology. The cells vary in
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size from 0.5 to 0.8 um in length and 0.2 to 0.5 um in
width. Cells are highly motile with a single polar
flagellum at one or both ends of the cell allowing a
characteristically rapid, darting, corkscrew-like movement.
The flagella of Campylobacter can be two to three times the
length of the bacteria cell (Simbert, 1989).

Campylobacter is a well defined genus with taxonomic
problems associated with the species and is hence likely to
continue to change (Simbert, 1989). At least 18 specied of
Campylobacter are known, and nine species appear to be
important in human disease (Skerman et al., 1980). Of
these, catalase positive species, particularly Campylobacter
jejuni and Campylobacter coli, are most commonly isolated
from humans with enteric disease (Butlzler et al., 1973;
Skirrow, 1977).

3. QGrowth Characteristics

Campylobacter grow best in a reduced oxygen atmosphere
and at higher-than-atmospheric concentration of carbon
dioxide. They are sensitive to oxygen tension and are
considered microaerophilic. The oxygen required for growth
is 3-15% and the carbon dioxide required is 3-5% (Stern and
Kazmi, 1989). The optimum atmospheric conditions are 10%
oxygen, 15% carbon dioxide, and 85% nitrogen.

Campylobacter growing temperatures range from 25°C to
45°C. Optimum temperatures and specific ranges differ

14



depending on species. Campylobacter jejuni grows from 35°C
to 45°C and optimally at 42-43°C. It dies more quickly at
25°C than at 4°C or 30°C, survives up to four weeks under
refrigeration and is highly susceptible to freezing.
Campylobacter jejuni becomes thermally inactive at 46-48°C,
and will not survive minimum pasteurization treatments
(Franko, 1987; Stern and Kazmi, 1989; Simbert, 1989). It
grows at pH 4.9 to 9.9 depending on the types of acids,
water activity, and the strain (Oosterom, 1985).

Campylobacter species are chemoorganotrophs and require
organic molecules as a source of carbon. The bacteria uses
a respiratory metabolism obtaining energy from amino acids
or the tricarboxylic acid cycle intermediates.
Campylobacter cannot ferment or oxidize carbohydrates
(Smibert, 1989).

Campylobacter jejuni is oxidase positive, is catalase
positive, reduces nitrate to nitrite, produces hydrogen
sulfide, generally hydrolyzes hippurate, is resistant to
cephalothin and is susceptible to nalidixic acid. These
biochemical reactions are the same for Campylobacter coli,
except that Campylobacter coli can not hydrolyze hippurate
and since all but a few Campylobacter jejuni do hydrolyze
hippurate, this test is generally used to distinguish the
two species (Simbert, 1989). The production of H,S by
Campylobacter coli in iron media is also used to

15



differentiate the two biotypes. Biochemical characteristics
of other important Campylobacters in human disease are

listed in Table 1.
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Table 1: Different Characteristics of Medically Important Campylobacters (Barret et al., 1988)

(R), resistant; (S), susceptible; ("cinaedi”) proposed species name.
‘Hippurate negative strains have been reported.
dNalidixic-resistant C. jejuni have been reported.
“Cephalothin-resistant C. fetus subsp. fetus have been reported.
fSmall amount of H,S on fresh (<3 days) TSI slants.

17

Characteristic | C. jejuni | C. coli | C. lari C. fetus C. C. C. C. C.
spp. fetus "cinaedi" "fennelliae" | cyraerophila |hyointestinalis| upsaliensis
Growth
25°C - - - + - - + D -
35-37°C + + + + + + + + +
42°C + + + D D D - + +
Nitrate
reduction + + + + + + - + +
Growth 3.5%
NaCl - - - - - - - R -
H,S, lead
acetate strip + + + + + + + + +
H,S, TSI - D - - - - - +f R
Catalase + + + + + + + + _
Oxidase + + + + + + + + +
MacConkey
agar + + + + - - - + -
Motility + + + + + + + + +
{wet mount) 81%)
Growth
in 1% glycine + + + + + + - + +
Glucose
utilization - - - - - - - - -
Hippurate
hydrolysis +¢ - - - - - - - -
Resistance to
nalidixic acid s S R R S S S R S
Resistance to
cephalothin R R R s S S S S S
Symbols: +, 90% or more of strains are positive; (-) 90% OT MoTe oOf strains are negative; (D) 11-89 % Of strains are positive,




4., Pathology

The mechanism by which Campylobacter causes disease 1is
not known. Infection requires adherence of the bacterium to
the gut mucosa, perhaps mediated by flagellar adhesions or
outer bacterial membrane components. The production of
toxins similar to those of Vibrio cholera, might be a
possible mechanism for pathogenicity (Goossens, 1990). A
Campylobacter jejuni cytotoxin has been isolated. The toxin
produces cytotoxic changes in tissue cells by stimulation of
cyclic AMP production. The role of the cytotoxin in
pathogenesis is not known, but causes more severe diarrhea
in animals given cytotoxin positive strains, unlike those
given a cytotoxin negative strains. The presence of the
cytotoxin also appears to be related to patients having
bloody diarrhea (Pang et al., 1987). Motility and the
spiral shape of the organism also play a role in its
virulence.

The infective dose for Campylobacter jejuni is less
than 200 to 100,000 organisms. The infective dose is
believed to vary because of the differences in gastric pH of
the host and strain differences (Butzler and Oosrerom,
1991). Clinical differentiation of this pathogen from other
pathogens is not possible because the signs and symptoms are
not very characteristic. Acute enterocolitis is the most
common Campylobacter jejuni infection. The incubation

18



period is generally 2 to 5 days and can last as long as 10
days. In many patients, diarrhea is preceded by a febrile
period of myalgies, abdominal pain, and malaise. A high
temperature with confusion and delirium may also be present
and fresh blood may appear in stool by the 3rd day.
Vomiting is rare. Bacteremia has been reported in fewer
than 1% of patients with Campylobacter jejuni infection
(Butzler and Skirrow, 1979).

5. Epidemiology

Campylobacter has been isolated from humans with
enterocolitis in virtually every country throughout the
world (Blaser et al., 1979; Demol and Bosmans, 1978; Pai et
al., 1979; Steele and McDermott, 1978; Oosterom, 1980;
Yanagisawa, 1980). The estimated number of Campylobacter
infections in the United States is about 3 million per year
and 600,000 per year in Great Britian (Gengeorgis, 1986).
Despite this, many important aspects of its prevalence and
transmission remain unanswered. The number of reported food
and water-borne outbreaks cannot explain all the recorded
outbreaks of Campylobacter infections. Under reporting,
difficulty in investigation, and unexpected routes of
transmission have led to poor incomplete data.
Campylobacter is widely spread among animal reservoirs and
the environment, and epidemiology and control of the
organism is difficult.
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Campylobacter species are commensals of almost all wild
and domestic animals’ gastrointestinal tracts. They have
been isolated from all classes of poultry, cattle, sheep,
swine, goats, dogs, cats, and rodents (Franco, 1987).
However, reports show that the majority of all Campylobacter
enteritis is directly related to the handling or consumption
of poultry.

Despite being present in the intestinal tract of swine,
cattle, and lamb, Campylobacter contamination in these foods
is rare. 1In a study by Stern et al. (1985) of retail
markets in the United States, Campylobacter jejuni and
Campylobacter coli were isolated from pork chops, ground
beef, beef flank, and lamb stew with an incidence of 5.0%,
4.2%, 4.7%, and 8.1% respectively, while isolation rates
from chickens were 29.7%. However, transmission of
organisms from hamburger meat (Oosterom et al., 1980) and
pork (Yanagisawa, 1980) to humans has been reported.
Campylobacter isolation from chicken is high and may reach
100% (Oosterom, 1985). Strains isolated from humans are
mostly associated with poultry serotypes (Oosterom et al.,
1980). This has led to the notion that poultry is the
highest reservoir of human Campylobacteriosis.

Campylobacter jejuni is a normal commensal in cattle,
and a number of different serotypes may be simultaniously
present in one heard. Transmission of the organism appears
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to be limited to calves via adult cattle and not between
adults (Blaser et al., 1983). The occurrence of
Campylobacter infections in cattle is 57% steers, 40% bulls,
40% heifers, and 22% cows. The highest infection rates
occur in gallbladders and the large and small intestines
(Franco, 1987). Campylobacter contamination of meat
generally occurs during slaughter.

Campylobacter in raw milk is associated with fecal
contamination during milking. Campylobacter mastilitis has
also been recorded and the disease has been confirmed
experimentally (Lander and Gill, 1980). However, heavy
contamination must occur in order to cause large infections
from one lot of milk. To prevent milkborne outbreaks,
pasteurization or a heat treatment which kills Campylobacter
is required in all milk sold for human consumption (Blaser
et al., 1983).

Recently, shellfish have been associated with
Campylobacter infections and contaminations. In a study by
Griffen et al. (1983) raw clams were the cause of a
Campylobacter enteritis infection in Washington State. 1In
other studies, Arumugaswamy and Proudford (1987) found 14%
of oysters to be contaminated with Campylobacter jejuni/coli
and Reinhard et al. (1995) found 20% of fresh crabmeat
contaminated with the same organisms. Concerns of possible
shellfish contamination have been furthered by research
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showing shellfish growing waters highly contaminated with
Campylobacter (Abeyta et al., 1993). However, little or no
literature on the presence of Campylobacter jejuni or
Campylobacter coli in shellfish is available, so the
epidemiology of many outbreaks remains poorly understood and
the role of shellfish contaminations unknown.

Humans have also been reported as reservoirs for
Campylobacter jejuni. In these cases, those who come in
contact with excrement of infected people put themselves at
risk. Contamination of food from food handlers is unusual.
If cross-contamination does occur, it is best favored under
neutral pH (6.5-7.5) and in food which are at refrigeration
temperatures (Blaser et al., 1983).

Water is a common source of Campylobacter.
Campylobacter have been isolated from springs, streams,
river water, and seawater (Norkrans and Sveden, 1982; Blaser
et al., 1979; Franco, 1987; Alonso and Alonso, 1993). Areas
heavily polluted with sewage, farm run-off or sludge led to
higher isolation rates (Abeyta et al., 1993; Norkrans and
Sveden, 1982). Water outbreaks of Campylobacter enteritis
have traditionally been associated with spring water during
outdoor activities or community water contaminated from wild
birds (Franko, 1987).

6. Methods of Isolation

Several problems arise in trying to isolate
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Campylobacter from foods. Since they are oxygen sensitive,
they may occur in very small numbers, and requirements for
atmospheric manipulation during enrichment and plating are
inconvenient. To overcome this, several methods have been
developed, but each exhibits advantages and disadvantages,
and a search for the best technique continues.

Karmali and Fleming (1979) developed a technique to
overcome atmospheric requirements by using the Fortner
principle. By streaking one half of a plate with a rapid
growing Proteus sp., the oxygen tension of the closed system
is reduced, and it is possible to grow Campylobacter on the
other half of the plate. Another procedure using a closed
container flushed with 5% oxygen has been reported
successful and superior to those grown in a candle jar
system (Luechtefeld et al., 1982). However, the method most
commonly used to reach atmospheric conditions required to
grow Campylobacter is the flushing of an anaerobic jar with
an atmospheric mixture of 5% oxygen, 10% carbon dioxide, and
85% nitrogen, with plates and enrichments already inside
(Stern, 1982).

A chemical supplement is often used to improve the
tolerance of Campylobacter to air (George et al., 1978). A
mixture of ferrous sulfate, sodium metabisulfate, and sodium
pyruvate (FBP) in specific quantities can be added to both
enrichment broths and plating agar. These chemicals
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increase oxygen tolerance by quenching hydrogen peroxides
and superoxides that inherently occur in the culture medium.

Enrichment methods have also been developed to lower
indigenous organisms and improve isolation techniques of
Campylobacter bacteria. Most of these have been developed
for clinical laboratories and use antibiotics. However, low
levels of Campylobacter species in foods and the use of
antibiotics have made it difficult and expensive to isolate
Campylobacter species with these procedures. -

Antibiotics increase the selectivity of enrichment
broths. Campylobacter species are resistant to vancomycin,
which is successful in eliminating gram-positive cocci
bacteria. Campylobacter jejuni is also resistant to
polymyxin B, trimethoprim lactate, and cephalosporins.
These antibiotics are all added to enrichment broths in
varying concentrations to eliminate other organisms.
Trimethoprim acts as an inhibitor of Proteus sp.
Cephalosporins are active against Enterobacteriaceae,
Streptococcus, Serratia, Pseudomonas species and some
Proteus, Yersinia, and Bacteroides species, and Polymyxin B
is inhibitory to Enterobacteriaceae and Pseudomonas species
(Stern, 1982).

Recently, Chan and Mackenzie (1982) showed increasing
concentrations of antimicrobial medium in the enrichment
broth increased isolation rates of Campylobacter jejuni and

24



Campylobacter coli. Castillo-Ayala (1992), studying the
effects of an antimicrobial proposed by J.P. Butzler, showed
that double strength vancomycin-trimethoprim-polymyxin B
(VITP) and the Butzler antimicrobial, bacitracin-colistin-
cephalothin-cycloheximide-novobiocin (BCN), used
simultaneously in broths showed increased isolation rates
from deboned chickens when compared with traditional
antimicrobials by themselves. However, the antimicrobial
proposed by Butzler (BCN) is not commonly used in the
isolation of Campylobacter from foods, and traditional
antimicrobials are the norm in most food and clinical
laboratories.

Several enrichment media have been proposed for
Campylobacter isolation. Tanner and Bullin (1977) used
alkaline peptone water at pH 8.4 as an enrichment medium.
They incubated the medium under microaerophilic conditions,
and found the procedure to enable recovery of as few as 1 to
10 cells of Campylobacter. This allowed isolation of
Campylobacter species from samples that were previously
found to be negative with direct plating techniques. Blaser
et al. (1979) used an enrichment broth with an antimicrobial
to isolate Campylobacter bacteria. Campy-thrio enrichment
broth (thioglycollate broth with 0.16% agar and vancomycin,
trimethoprim, polymyxin B, and amphotericin antimicrobial),
held under refrigeration for 8 hours, led to a 33% increase
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in isolation rates. While this temperature of the medium
didn’'t allow for growth of Campylobacter species, the
antimicrobial destroyed many of the indigenous
microorganisms leading to increased isolation. Similar
results of recovery were obtained by Rosef (1981) using the
same medium except the antimicrobial, amphotericin, was
omitted (Stern, 1982).

Hunts and Radle (Stern and Line, 1992) introduced an
enrichment broth, commonly called Campylobacter enrichment
broth. The broth contains Nutrient Broth Number 2 with 0.6%
yeast extract and supplements of FBP, lysed horse blood,
vancomycin, cefoperazone, amphotericin, and trimethoprim
lactate. Stern and Line (1992) determined the enrichment to
be the most effective in isolating Campylobacter. It has
been reported that the enrichment technique is capable of
the recovery of 0.1 to 1 cell of Campylobacter jejuni from
one gram of food containing 1,000,000 to 10,000,000
indigenous microorganisms, and the broth is currently
recommended by the United States Food and Drug
Administration for the isolation of Campylobacter species.
(Hunt, 1992).

Several selective agar media are commonly used in the
isolation of Campylobacter bacteria from foods. Most
prominent of these are Campy-BAP formulation (Blaser et al.,
1979), Campy-cefex formulation (Stern and Line, 1992),
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modified CCDA-Preston blood free medium (Hutchinson and
Bolton, 1984), the "Butzler" formulation (Dekeyser et al.,
1972), and "Skirrows" formulation (Skirrow, 1977). All
contain different supplements of antibiotics and animal
blood (Table 2).

Comparisons of selective media have shown that CCDA-
Preston blood-free medium is best for the isolation of
Campylobacter jejuni, followed by Campy-cefex and Campy-BAP
formulations (Stern and Line, 1992). Butzler medium is more
effective than Campy-BAP and Skirrows medium in isolation of
Campylobacter species, but Campy-BAP medium is best in
recovering of Campylobacter jejuni from foods when compared

with the Skirrow or Butzler formulations (Stern, 1982).
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Table 2: Formulation of Different Selective Agars (Bolton et al., 1983)

Campy-Cefex agar
Base medium

Brucella agar 44 ¢
Ferrous Sulfate 05¢g
Na Bisulfate 02¢g
Na Pyruvate 05¢g

Distilled water 950 mL

Supplements
Na Cefoperazone 33 mg

Na Cycloheximide 200 mg
Lysed Horse blood 50 mL

Modified CCDA-Preston Blood Free Agar
Base media

Nutrient broth #2 25¢g
Agar 12¢g
Distilled water 950 mL

Suppplements
Polymyxin sulphate 5,000 IU

Ritampicin 10 mg
Inmethoprim 10 mg
Cycloheximide 100 mg
Lysed horse blood 50 mL

Campy-BAP formulation
Base medium
Brucella agar 43 g
Distilled water 9500 mL

Supplements

Cephalothin 15 mg
Polymyxin 2500 IU
Trimethoprim lactate 5 mg
Vancomycin 10 mg
Amphotreicin 2 mg

Whole sheep blood 100 mL

Skirrow’s formulation
Base medium
Blood agar base No. 2 40 g

Supplements

Polymyxin 2500 IU
Trimethoprim lactate 5 mg
Vancomycin 10 mg
Cycloheximide” 100 mg

Butzler formulation
Base medium
Blood agar base No. 2 40 g

Supplements

Bactracin 2500 TU
Cephazolin 15 mg
Colistin 10,000 IU
Novobiocin 5 mg
Cycloheximide 50 mg

"Non-human samples only
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C. Klebsiella pneumoniae

1. Historical Background

Klebsiella has been a recognized pulmonary pathogen
since its discovery in 1882 by K. Friedlander (Korvick et
al., 1991). Klebsiella pneumoniae was originally classified
as a bacillus and called Bacillus mucosus capsulatus which
caused Friendlander pneumonia (Ritvo and Martin, 1949).
From the 1920s into the 1960s, the organism was shown to be
one of the only gram negative bacteria that could cause -
primary labor pneumonia (Kornblum, 1928; Ritvo and Martin,
1949). Since then, Klebsiella pneumoniae has been
clinically proven as the cause of urinary tract infections,
bacteremia, and bacterial pneumonia (Guentzel, 1986).

2. Taxonomy, Nomenclature, and Morphology

Klebsiella pneumoniae is a gram-negative bacilli, 0.6
to 6.0 um in length and 0.3 to 1.0 um in diameter.
Klebsiella can be arranged singly, in pairs, or short
chains, are nonmotile, capsulated, and conform to the
general definitions of the family Enterobacteriaceae.

Three species of Klebsiella were described in the
eighth edition of Bergey’s Manual; K. pneumoniae, K. ozaenae
and K. rhinoscleromatis. However, currently K. ozaenae and
K. rhinoscleromatis are considered a subspecies of K.
pneumoniae because of DNA reassociation studies showing the
three organisms belong in the same DNA related groups. Both
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subspecies are metabolically inactive biogroups of K.
pneumoniae. K. rhiniscleromatis is the most metabolically
inactive, while K. ozaenae strains are variable. K.
pneumoniae is distinguished from other Klebsiella species
that phenotypically resemble it by its ability to produce
gas from lactose at 44.5°C (Orskov, 1984).

Klebsiella are oportunistic pathogens that can give
rise to several types of bacterial infections including
pneumonia and urinary tract infections. In recent years,
infections caused by Klebsiella have increased due to
strains with multiple antibiotic resistance. The human
gastrointestinal tract is the main reservoir and the hands
are the main mode of transmission.

Klebsiella contain both O and K antigens. At least 11
serogroups are differentiated on the basis of their O
antigens, but generally serotyping is not practiced in
clinical laboratories. Typing occurs based on the K
antigens, of which there are at least 80. The K antigen is
the characteristic polysaccharide the is morphologically
evident and is important in infections caused by the
organism (Freeman, 1985).

3. Growth Characteristics

K. pneumoniae has growth characteristics typical of
other Enterobacteriaceae. The growth temperature of
Klebsiella species can range from 2.5 to 45°C depending on
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the strain. However, K. pneumoniae will not grow at a
temperature below 10°C (Freeman, 1985). K. pneumoniae
produce gas at 44.5°C in the fecal coliform test commonly
performed on food products.

Klebsiella are facultative anaerobes, with both a
respiratory and a fermentative metabolism. Most Klebsiella
strains can be grown with citrate and glucose as the sole
source of carbon, and they are oxidase negative.
Fermentation of inositol, hydrolysis of urea, and failure to
produce ornithine dehydrolase or H,S are other
distinguishing characteristics. Unlike E. coli, Klebsiella
species can break down adonitol and esculin sugars and this
capability can be used in the isolation of the organism.

4. Pathology

K. pneumoniae is found in the alimentary and
respiratory tracts of about 5% of normal people. Although
the organism occasionally causes urinary tract infections
and chronic infections in various organisms, it is the most
important cause of severe hemorrhagic pneumonia, accounting
for about 2 to 3% of of all cases of acute bacterial
pneumonia (Guentzel, 1986). The mortality rate in untreated
Klebsiella pneumonia is over 50% (Guentzel, 1986), therefore
prompt recognition of the infecting organism and early
treatment are essential. It is also important to
distinguish between pneumoniae due to K. pneumoniae, and

31



pneumonia caused by other organisms because of antibiotic
resistance of the organism and treatment desired (Freeman,
1985) .

Serotype is also important in K. pneumoniae infections.
Respiratory tract infections by K. pneumoniae predominantly
involve capsular types 1 and 2, while urinary tract
infections often involve types 8, 9, 10, and 24. Mannose-
sensitive pili are important virulence factors of K.
pneumoniae, serving as adhesions that permit colonization of
the mucosal surface in humans (Fader and Davis, 1980). The
physiological state of the host is also important in
Klebsiella infections. Receptor sites on the epithelial
cells for the adherence of Klebsiella increase. Capsules
are also involved in the virulence of Klebsiella pneumoniae
showing resistant of the organism to phagocytosis and
intraphagocytic killing (Freeman, 1985).

5. Epidemiology

Klebsiella species are commonly found in water, soil,
occasionally in foods, and to a varying degree in the
intestinal tracts of humans and animals. Modes of transfer
may be indirect, involving various vehicles, or transfer of
the organism may be direct. For example, high numbers of
Klebsiella pneumoniae have been isolated from hospital foods
(particularly fresh salads) (Park and Sanders, 1990), orange
juice concentrate (Fuentes et al., 1985), milk (Cousins and
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Marlatt, 1990), cheese (Massa et al., 1992), meats (Stiles
and Ng, 1981), water, and seafood (Boutin et al., 1986;
Singh and Kulshreshtha, 1992). It has also been linked to
clinical infections caused by intravenous fluid addition,
medical device contamination, and administration of
medications (Torre et al., 1985). However, an outbreak
{(greater than 2 infected) of K. pneumoniae associated with
food consumption has never been reported in the United
States and the Centers for Disease Control in Atlanta,
Georgia does not consider K. pneumoniae to be a "foodborne
pathogen" (CDC, 1995). Despite this, the food industry and
various governmental groups (including the FDA, USDA, and
CDC) are still investigating the possibility of foods being
the vector that leads to K. pneumoniae infections,
especially when the organism is ingested by those
individuals who are immunocompromised.

6. Methods of Isolation

K. pneumoniae isolates are difficult because they have
similar biochemical characteristics and are frequently
confused with strains of Enterobacter aerogenes (Chein and
Fung, 1990). Consequently, several different selective
medias have been developed for the isolation of K.
pneumoniae. However, none appear to be simpler or more
convenient than any other.

Enrichment of K. pneumoniae is generally performed in
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lactose containing media at 35 to 37°C as with most other
Enterobacteriaceae. K. pneumoniae are normal inhabitants of
the intestinal tract, but they are generally present in much
lower numbers when compared to E. coli. When enriching for
K. pneumoniae, it is difficult to selectively streak after
24 h and an incubation of 48 h is generally required (Wong
et al., 1985).

Dyes are very important in the selection and
differentiation of all bacteria. 1In studies in 1973 by ‘Fung
and Miller it was shown that acriflavine was selective for
K. pneumoniae. Fung and Niemeic (1977) reported that
acriflavine violet red bile agar could be used to
differentiate K pneumoniae. Other selective media have also
been used to isolate K. pneumoniae including a methyl wviolet
and double violet agar (Campbell and Roth, 1975; Campbell et
al., 1976), a medium with myo-isositol as its sole carbon
source, and a MacConkey-inositol-carbenicillin medium
(Bagley and Seidler, 1978) on which selectivity is based
upon the high resistance of K. pneumoniae to carbenicillin.
Despite these different selective mediums in the literature,
specific governmental recommended methods for the isolation
of K. pneumoniae in foods are not available. Therefore, the
method used in a specific laboratory may be completely
different or a variation of previous procedure.

Rapid methods for clinical diagnosis are being sought,
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such as those used to detect Klebsiella pneumoniae in sputum
extracts, so that identification can be accomplished in 1 to
2 hours rather than 1 to 2 days as with conventional
microbioclogical methods (Myrvik and Weiser, 1988). However,
this rapid identification has not been applied directly to
the food industry and it is unlikely to be used in the near

future.
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D. Salmonella

1. Historical Background

The period from the late 1800’s to the mid 1900's
marked a time when Salmonella was associated with the cause
of typhoid fever and animal infections. 1In 1885 Dr. Salmon
identified S. choleraesuis as an important pathogen in
swine, S. bovismorbificans as the cause of severe infections
in cattle, and S. pullorum and S. gallinarum as pathogens in
chickens. Then, in 1888 the first nontyphoid Salmonelld as
a human pathogen was identified. Fifty people in Germany
who consumed raw ground beef were affected by the organism
(Tauxe, 1991). The organism known today as Salmonella
typhimurium was isolated from the victim’s blood and spleen
and from the leftover meat. Since then Salmonella typhoid
fever has nearly been eliminated in industrialized
countries, and Salmonella species have been reported more as
a gastroenteritis in humans with actual infections ranging
from 840,000 to 4,000,000 per year (Chalker and Blaser,
1988) .

2. Taxonomy, Nomenclature, and Morphology

The genus Salmonella is one of six major divisions of
the family Enterobacteriaceae. Salmonella consist of a
large number of serotypes, greater than 2000, which has led
to various ways of classifying the genus. Salmonella are
gram-negative, flagellated, facultatively anaerobic bacilli
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containing three major antigens: H, or flagellar antigen; O,
or somatic antigen; and Vi antigen, possessed by only a few
serotypes. The H antigen occurs in two forms, called phase
1 and phase 2. Phase 1 antigens are shared by only a few
organisms and react only with homologous antisera, but phase
2 antigens are shared by many organisms and react with
heterologous antisera (Zwadyk, 1992). The O antigen occurs
on the outer membrane and is determined by specific sugar
sequences on the cell surface. Vi antigen is a superficial
antigen overlying the O antigen and is present in only a few
types, the most notable being S. typhi (Zwadyk, 1992).

3. @Growth Characteristics

Salmonellae are typical of other gram-negative bacteria
in their ability to grow on a large number of cultured media
and produce visible colonies within 24 h at 37°C. The
lowest temperature in which Salmonella has been reported to
grow is 5.3°C for S. heidelberg and 6.2°C for S. typhimurium
(Matches and Liston, 1968). Temperatures around 45°C have
been reported by several authors to be the upper limit for
growth (Jay, 1992). The optimum pH for growth is about
neutral (6.6 to 8.2), with values greater than 9 and less
than 4 bactericidal. The minimum pH for growth may be as
low as 4.05, but depending on the acid used to lower the pH,
the minimum value may be as high as 5.5 (Chung and Goepfert,
1970) .
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4. Pathology

Surface antigens, factors contributing to invasiveness,
endotoxins, cytotoxins, and enterotoxins all contribute to
the virulence of Salmonella species. The role of each of
these factors in the pathogenesis of Salmonella infections
probably varies with the individual serotype and the host
system. Salmonella species have the ability to adapt to
specific hosts and change virulence. The fact that these
organisms have this ability to adapt to a specific host has
led to the use of the texrm facultative intercellular
parasites to describe the pathogenesis of Salmonella.

Salmonella attach to host receptor cells by 0O antigenic
side chains or, in the case of S. typhi, by the presence of
Vi antigen. Smooth colonial variants of O-specific side
chains are virulent while rough colonial variants deficient
in O-specific side chains are avirulent. Studies with human
volunteers have also shown that organisms containing Vi
antigen are more virulent than those without the antigen
(Zwadyk, 1992).

Salmonella are also invasive, penetrating the
epithelial lining of the intestinal system’s small
intestine, and unlike many other invasive organisms,
actually penetrating into the subepithelial tissue.
Salmonella appear to synthesize new protein cells, in the
presence of mammalian cells, that are necessary for the
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adherence and penetration of the mammalian cells. The
oxygen level in which the organism is grown appears to be an
environmental cue for the production of these new proteins.
If the Salmonella organism is grown in an atmosphere of 0 to
1% oxygen, 70% are more adherent and invasive than those
bacteria grown in 20% oxygen (Finlay et al., 1989).

Enterotoxins have also been demonstrated in several
Salmonella species, however, the role of these enterotoxins
in disease is not clearly defined. Salmonella also produce
a cytotoxin and an endotoxin that are distinct from
enterotoxins. The cytotoxin appears to be associated with
the outer bacterial membrane, which may mean that the toxin
is important in cellular invasion and cellular destruction
(Ashkenazi et al., 1988). The role of the endotoxin is also
not defined. It is presumably responsible for the fever
seen in patients with Salmonella infections. It is believed
this fever is caused either directly or indirectly through
the release of endotoxin pyrogens from leukocytes (Zwadyk,
1992).

5. Epidemiology

Saimonella, unlike most other zoonotic infections, does
not cause overt disease in animals or birds. Many infected
livestock and birds are otherwise healthy carriers of the
organism which is naturally cleared in a few weeks. During
processing however, cross-contamination often occurs,
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particularly with poultry meat. Surveys of broiler meat
shows that between 50 and 80% are contaminated with
Salmonella (Humphrey et al., 1988).

Many egg-containing foods, in particular those made in
the home with a raw egg, have been identified as being
contaminated with Salmonella and having been consumed by
infected individuals. Human illness from eggborne
Salmonella species was reported as early as 1960. Ovarian
infections with S. enteritis, S. heidelgberg, and S.
typhimurium in chickens was demonstrated as a potential for
eggborne infections (Snoeyenbos et al., 1969). However,
lately an unpredicted increase in the number of eggborne
outbreaks of salmonellosis were reported in both the United
States and Britian (Madden, 1950; UKDHSS, 1990).

The largest human salmonellosis outbreak occurred in
1985 in six Midwestern states and involved contaminated milk
(Lecus, 1986). There were 16,284 cultures confirmed and an
estimated 165,000 affected individuals. The problem was a
processing breach at the pasteurizer that resulted in
incomplete cleaning and the contamination of already
pasteurized milk with unpasteurized milk.

In the early 1980’s shrimp imported from several
southeast Asian countries had high Salmonella species
isolation rates. This caused the FDA to require that
products shipped from those nations be placed on automatic
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detention (Jackson et al., 1989). Other products including
ready-to-eat seafood products and unlikely foods such as
chocolate and beansprouts have been implicated as vehicles
for salmonella infections.

6. Methods of Isolation

The major problem with current microbiological testing
for Salmonella speciesg in foods is that the official methods
for monitoring are very time consuming (4 to 5 days) and
adoption of new more rapid methods by government agencies is
even slower. The official FDA procedure involves a
preenrichment, enrichment, and numerous steps for plating on
selective media, followed by biochemical testing and antigen
determination (Andrews et al., 1992). Preenrichment in a
nonselective broth provides for the uninhibited growth of
indigenous bacteria and the resuscitation and proliferation
of stressed or injured Salmonella to detectable levels
(Litchfield, 1973). Enrichment may take place in either
selective or nonselective broths, which are superior to
direct plating when small numbers of Salmonella are present
(Galton et al., 1968). Selective and differential plating
is the most important part of standard isolation procedures
for the isolation of Salmonella from foods and the
environment (Warburton et al., 1994).

Selective enrichment inhibits the growth of competing
nonsalmonellae and facilitates isolation of Salmonella
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species on differential media (Fagerberg and Avens, 1976).
Tetrathionate and selenite cystine broths, selenite
brilliant green, and modified Rappaport enrichment mediums
have been used in isolating Salmonella from foods. 1In
laboratory studies, the Rappaport enrichment medium has been
shown to be more sensitive and selective than the other
mediums in isolation of Salmonella species (Vassiliadis,
1991).

Brilliant Green Sulpha Agar (BGS), Bismuth Sulphite
(BIS), Hektoen Enteric Agar (HEK), and Xylose Lysine
Desoxycholate Agar (XLD) are used in standard analysis
methods by different governmental agencies in the United
States, Canada, and Europe (Andrews et al., 1992). EF-18
Agar and Rammbach Agar (RAM) are newly developed agars
commonly used in association with those mentioned above for
the isolation of Salmonella (Todd et al., 1993; Anon, 1993).
In a study by D.W. Warburton et al. (1994), it was
determined that EF-18 had the highest rate of recovery of
Salmonella species (100%), followed by HEK (95.3-100%), XLD
(88.6%-100%), RAM (79.8-99.2%), BGS (72.2-100%) and BIS
(45.3-100%) . The study also showed that the largest problem
in the isolation of Salmonella species was differentiating
between them and other bacteria. C. freundii, Pseudomonas
spp., and E. coli were some of the more common contaminates.

The absence of Salmonella in ready-to-eat food products
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should be ascertained before the product goes on sale in the
supermarket. This need has led to the development of rapid
methods for the analysis of Salmonella. Several procedures
include the use of a Salmonella-specific bacteriophage,
Felix-01, which increases in numbers when Salmonella species
are present (Harish and Martin, 1983). A technique to
isolate Salmonella using enzyme-labeled antibodies
(Krysinski and Heimsch, 1977) and an immunoassay to indicate
Salmonella species (Thompson, 1991} have also been

developed.
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Qualitative and Quantitative analysis of Campylobacter
jejuni and Campylobacter coli in Fresh Blue Crab
(Callinectes sapidus) Meat
(Paper accepted for publication in the Journal of Aquatic

Food Products Technolgy)

ABSTRACT

Samples of fresh picked crabmeat from twelve different
blue crab processing facilities were analyzed for general
microbial quality and the presence of Campylobacter jejuni
and Campylobacter coli. Twenty samples from each plant were
analyzed for a total of 240 samples. Aerobic plate counts
ranged from 7.4x10° to 4.6x10%® CFU/g. Coliform and Fecal
coliform counts ranged from <0.3 to 32.8 MPN/g and <0.3 to
2.26 MPN/g, respectively. Eshcherichia coli counts ranged
from <0.3 to 0.77 MPN/g. Campylobacter jejuni was isolated
from 36 (15%) samples and Campylobacter coli was isolated
from 14 (5.8%). There was no statistical correlation
between general microbial quality, plant size or inspection
score (sanitation) and the presence of Campylobacter species

(p<0.05) .
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INTRODUCTION

Campylobacter has been the cause of bacterial diarrhea
in every country throughout the world and the relationship
between its presence in foods and disease is well documented
(Franko, 1987). Isolation of Campylobacter jejuni from
patients with diarrhea has been greater than the isolation
of Salmonella species (Stern, 1982). Despite this
occurence, the Campylobacter genus has only recently become
widely studied as an important pathogen in human
gastroenteritis.

Foods of animal origin are the primary vehicles
involved in human infection of Campylobacter. Campylobacter
are commensals of all wild and domestic animals
gastrointestinal tracts, and these warm blooded animals and
birds continually contaminate the environment with
Campylobacter. The bacterium has been isolated from fresh
and marine waters around the world (Norkrans, 1982; Blaser,
1979; Franco, 1987; Alonso and Alonso, 1993; Knill et al.,
1978; Jdones et al., 1990), and areas heavily polluted with
sewage, farm-runoff, or sludge have led to higher rates of
isolation (Abeyta et al., 1993). Shellfish growing waters
have also been found contaminated with Campylobacter jejuni
and Campylobacter coli (Abeyta, et al., 1993) and in 1986,
the organisms were isolated from 14% of oysters harvested
from contaminated beds (Arumugaswamy and Proudford, 1987).
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However, Campylobacter jejuni/coli as an agent in shellfish
associated outbreaks of humans and the presence of

Campylobacters in shellfish still remains undefined.
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MATERIALS AND METHODS
Sample Collection.

From July through August, 1994, hand picked crabmeat
samples from 12 blue crab (Callinectes sapidus) processing
facilities in the Chesapeake Bay region were collected and
analyzed. Twenty samples from each of the different
facilities were collected on different processing days and
analyzed. Facilities were chosen based on production levels
(small, medium, large) and Virginia Department of Health
inspection scores as an indicator of sanitation practices
(excellent > 94.5, acceptable < 94.5). Meat samples were
collected from the picking tables, packed in an insulated
cooler with cold gel-packs, and shipped overnight to
Virginia Tech in Blacksburg, Virginia. All samples arrived
at the laboratory between 0 and 4°C and were tested between
16 h and 36 h of collection.

Crab samples were prepared and analyzed according to
FDA (BAM) procedures (Peeler and Maturin, 1992; Hitchins et
al., 1992; Hunt, 1992; Peeler and McClure, 1992). Five
randomly selected samples from each plant were tested for
aerobic plate count, coliforms, and Escherichia coli, while
twenty samples were tested for Campylobacter jejuni/coli.
All serial dilutions were prepared in Butterfield’s

Phosphate-Buffered distilled water (Solomon, 1992).

58



Microbiological analysis

Aerobic plate count (APC). Duplicate plates for
dilutions 102 to 1077 were prepared and poured with Standard
Methods Agar (SMA). Plates were incubated for 48 h at 35°C
(Peeler and Maturin, 1992).

Coliforms (coliform, Fecal coliform, and Escherichia
coli). A 3-tube most probable number (MPN) method was used
to enumerate coliforms and E. coli (Hitchins et al., 1992)
Campylobacter. Enrichment. Enrichment medium consisted-of
Nutrient broth No. 2 (Oxoid), 0.6% yeast extract (Difco), 5%
lysed horse blood (Virginia Maryland College of Veterinary
Medicine), sodium cefoperazone (30mg/L) (Sigma), Trimethoprim
lactate (12.5 mg/L) (Sigma), vancomycin (10 mg/L) (Sigma),
cycloheximide (100 mg/L) (Sigma) and 0.4% high concentrate
FBP (Hunt, 1992). Enrichment was preincubated under static
conditions for a period of 4 h at 37°C and 15 mg/L of
cefoperazone was added. Enrichment was then incubated under
static conditions at 42°C for another 23 h. Selective
plates of CCD agar with CCDA antimicrobial supplement
(Oxo0id) were streaked and incubated for 48 h at 42°C under
microaerophilic conditions (5% oxygen, 10% carbon dioxide,
85%, nitrogen) .

Identification. Plates were observed for typical colonies.
Wet mounts and gram-stains were preformed and observed under
phase-contrast microscope. Typical Campylobacters, gram
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negative, curved shaped rods, with characteristic corkscrew
like motility were tested biochemically. Confirmed
biochemical tests included growth at 25°C (-), 35°C (+), 42°C
(+), production of oxidase and catalase, nitrate reduction,
H,S production, sensitivity to naladixic acid, and
resistance to cephalothin. Differentiation between species
was determined by the ability to hydrolyze hippurate and the
production of H,S in triple sugar iron agar.

Quantitative analysis. A three tube MPN method was used.

An initial dilution of 1:1 for each sample was prepared by
stomaching 50 g of crabmeat with 50 mL of Butterfield’s
phosphate buffer for 30 seconds. Enrichment medium,
selective plating, biochemical tests, temperatures, and
conditions were as mentioned above.

Data generated was subjected to analysis of variance
and multiple analysis of variance to determine effect of
APC, coliforms, E. coli, plant size, and sanitation on
isolation rates of Campylobacter jejuni and Campylobacter

coli (Zar, 1984).
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RESULTS AND CONCLUSIONS

Campylobacter jejuni and Campylobacter coli were
isolated for the first time from fresh crabmeat. Of the 240
samples analyzed, thermophilic Campylobacter were detected
in 50 samples. The occurrence of Campylobacters was
compared to aerobic plate counts, coliform levels, fecal
coliform levels, and E. coli counts and was not significant
(P<0.05). Plant size and inspection scores were also not
significant when compared with Campylobacter isolation
(P<0.05) .

Thirty six of the isolates were determined to be
Campylobacter jejuni based on hippurate hydrolysis and
failure to produce H,S when grown on TSI agar. The
remaining isolates (14) did not hydrolyze hippurate and
produced H,S when grown on TSI agar. They were classified
as Campylobacter coli. In all positive samples,
quantitative levels of Campylobacter were below analysis
limits (<0.3 MPN/g).

Little or no literature on the presence of
Campylobacter jejuni/coli in shellfish is available, and the
role of shellfish in human disease is still not defined.
Crabmeat could become contaminated with Campylobacter in
several different ways. The crab may have fed and lived in
waters containing Campylobacter leading to contamination of
the crab’s digestive tract and surface. Handling procedures

61



during processing could then have led to meat contamination.

Humans have also been reported as reservoirs for
Campylobacter jejuni. In these cases, those who come in
contact with excrement of infected people put themselves at
risk. Food may also become contaminated by food handlers,
however, reports of cross-contamination of food from
infected food handlers with Campylobacter is unusual (Blaser
et al., 1983).

Campylobacters are sensitive to cooking temperatures
used in processing crabmeat (Franco, 1987) so cross-
contamination usuallly occurs post cooking. Campylobacter
cross-contaminations after processing have been reported in
other foods, and the condition under which contamination is
favored, neutral pH (6.5-7.5) and refrigeration
temperatures, exist in all crab processing facilities
(Blaser et al., 1983).

The incident of Campylobacter contamination observed in
this study was very low (MPN/g <0.3). It is unlikely that
this level of Campylobacter would represent a health hazard
in humans. However, futher study is needed to postively
identify the source of Campylobacter contamination in the

blue crab industry.
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Table 3: General microbial quality and presence of Campylobacter jejuni/coli (# pos. of 20 samples)
for twelve processing plants

Plant | Size | Inspection [ Mean APC Mean Mean Fecal Mean E. C.coli | C. jejuni
score (CFU/g) Coliform Coliform coli (# pos.) | (# pos.)
(sanitation) (MPN/g) (MPN/g) (MPN/g)
1 L E 9.5x10’ 13.78 <0.30 <0.30 0 1
2 L E 2.5x10* 1.44 1.44 0.28 4 9
3 L A 1.9x10* 0.85 0.85 <0.3 0 0
4 L A 1.5x10* 2.23 2.08 0.77 2 3
5 M E 7.8x10* 16.72 <0.3 <0.3 1 3
6 M E 7.4x10° 2.23 2.08 0.34 0 2
7 M A 4.6x10° 11.28 2.26 0.66 0 0
8 M A 2.0x107 2.76 0.93 <0.3 1 0
9 S E 1.8x10° 20.52 0.39 <0.3 1 5
10 S E 1.0x10* <0.3 <0.3 <0.3 0 0
11 S A 3.8x10% 32.8 0.66 <0.3 5 13
12 S A 1.5x10° | 2.02 0.5 <0.3 0 0

ymbols: (L) large; (M) medium; (5) small; (E) excellent >94.3; (A) acceptable <94.5
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Analysis of Campylobacter jejuni, Campylobacter
coli, Salmonella, Klebsiella pneumoniae, and
Escherichia coli 0157:H7 in Fresh Hand Picked Blue

Crab (Callinectes sapidus) Meat

(Paper for publication in the Journal of Food Protection)

ABSTRACT

This study was conducted to determine the incidence and
occurrence levels of Campylobacter jejuni, Campylobacte;
coli, Salmonella, fecal positive Klebsiella pneumoniae, and
Escherichia coli 0157:H7 in fresh hand picked blue crab
(Callinectes sapidus) meat. An attempt was made to
correlate the presence of these selected pathogens and
general microbial quality (aerobic plate counts and presence
of coliforms) to processors’ sanitation practices and
facility size. Finally the general microbial data of the
fresh picked blue crab meat was compared to the
International Commission on Microbiological Specification
for Foods Quality Criteria.

Campylobacter jejuni was isolated from 36 (15%) of the
240 samples and Campylobacter coli was isolated from 14
(5.8%) . Counts in all case were below limits of detection
for quantitative analysis (<0.3 MPN/g). Fecal positive
Klebsiella pneumoniae was isolated from a total of 51 (21%)

of crabmeat samples. Counts ranged from less than 0.30 to
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4.3 MPN/g. Aerobic plate counts ranged from 7.4x10° to
4.6x10° CFU/g (geometric) with coliform counts ranging from
<0.3 to 32.8 MPN/g. Fecal coliform levels were <0.3 to 2.26
MPN/g and Escherichia coli quantitative analysis ranged from
<0.3 to 0.77 MPN/g. Salmonella and Escherichia coli 0157:H7
were not detected in any of the 240 samples analyzed.
Crabmeat produced in plants with high inspection scores
were found to have 29% and 22% of the samples positive for
fecal positve Klebsiella pneumoniae and Campylobacter
species, respectively. Plants with low inspection scores
were found to have 13% of crabmeat contaminated with fecal
positive Klebsiella pneumoniae and 20% with Campylobacter
species. Fecal positive Klebsiella pneumoniae was found in
crabmeat from small (16%), medium (23%), and large (25%)
facilities. Campylobacter jejuni and Campylobacter coli
were isolated respectively from 23% and 8% of samples from
small facilities, 6% and 3% of samples from medium
facilities, and 16% and 8% of samples from large facilities.
No significant differences (p<0.05) between size and
inspection scores were observed for general microbial
quality, fecal positve Klebsiella pneumoniae, OY
Campylobacter species. A correlation model of plant size
and inspection scores based on general microbial and
pathogenic organism level was also insignificant (p<0.05).
General microbial data for the crabmeat showed 65% of
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the hand picked meat from small facilities, 80% of the meat
from medium size facilities, and 85% of the crabmeat from
large facilities were of good quality. When the plants were
broken down by sanitation practices, 80% of the meat from
those facilities with excellent practices and 73.4% of the
meat from those facilities with acceptable sanitation

practices were of good quality.
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INTRODUCTION

In September, 1926 the Food and Drug Administration
investigated the crabmeat industry because of a food
poisoning outbreak in Chicago linked to crabmeat
contaminated with Salmonella suipestifer (26). Since that
time, the FDA has continued to initiate regulatory actions
against firms producing crabmeat under insanitary
conditions. During the last decade the emergence of "new"
pathogens including Listeria monocytogenes, Escherichia coli
0157:H7, Campylobacter jejuni and Campylobacter coli has led
to increased consumer and governmental interest on the
safety and wholesomeness of all food products. Ready-to-eat
fresh seafood, because it is highly perishable under the
best storage condition, is continually evaluated for the
presence of pathogenic organisms causing seafood related
foodborne illness (7, 22, 25, 31).

Campylobacter jejuni is the leading cause of
gastroenteritis in the world (9). 1In studies where both
Salmonella and Campylobacter species were cultured,
Campylobacter out numbered Salmonella isolates 10 to 1 in
college students and 2 to 1 in a multicenter study (29).

The infectious dose for C. jejuni has been estimated at less
than 200 organisms (6) and this could then be one of the
reasons for its occurrence as the leading cause of
gastroenteritis. Studies showing the presence of
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thermophilic Campylobacter species in seawater indicate the
need to evaluate the seafood industry for possible
microbiological contamination (2).

Salmonella is also a leading cause of human
gastroenteritis. Reported cases of Salmonella infections
have increased 100 fold from 1942 to 1988 (2). Despite
improvements in diagnosis which can account for a definite
increase in cases, there is no evidence of a decline in
Salmonella infections in recent years (13). Instead there
may be the overall appearance of an increase in the
incidence of Salmonella as a result of extremely virulent
and infective strains and immunosuppression caused by age,
preexisting conditions, and autoimmune disease.

Escherichia coli 0157:H7, is the cause of hemorrhagic
colitis, which is characterized by large amounts of blood in
the stool and can lead to hemolytic uremic syndrome and
thrombotic thrombocytopenic purpura (23). The organism is
mainly associated with dairy cattle, but has been the cause
of foodborne infection in other food products. E. coli
0157:H7 has been of great interest in the media in recent
years possibly because the highest incident rate of E. coli
0157:H7 is amoung children and because death is associated
with the disease. It has been estimated to effect 6.1
children per 100,000 population (18). Most outbreaks of E.
coli 0O157:H7 are related to food consumption, however day

70



care centers have also been implemented in the transfer of
the organism to uninfected children.

Klebsiella pneumoniae is an opportunistic human
pathogen leading to bacterial infections including pneumonia
and urinary tract infections. In recent years, infections
caused by Klebsiella have increased due to strains with
multiple antibiotic resistance. The human gastrointestinal
tract is the main reservoir and the hands are the main mode
of transmission. The estimated incidence of bacteremia is
between 71,000 and 330,000 cases per year in the United
States (15, 32) and the mortality rate varies between 20 and
50% (30). Klebsiella species in relation to Escherichia
coli, are the second leading cause of bacteremia. Extensive
studies on thevincidence of Klebsiella species in fresh food
and their impact on foodborne disease have not been studied.
However, like Escherichia coli, the species is known to be
present in numerous food products (24) and can be used to
identify spoilage.

The objective of this research project was to determine
the presence of Campylobacter jejuni, Campylobacter coli,
Salmonella species, Klebsiella pneumoniae, and Escherichia
coli 0157:H7 in fresh blue crab (Callinectes sapidus) meat
and to compare quantitative and qualitative levels of these
pathogens to processing facility size and general sanitation
practices.
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MATERIAL AND METHODS
Selection of Firms

The firms chosen for participation in this study were
selected randomly from all (57) blue crab processing
facilities inspected by the Virginia Department of Health.
Inspection scores were determined by Virginia Department of
Health Inspectors to indicate sanitation practices
(excellent > 94.5, acceptable < 94.5). Scores were averaged
over five inspections to normalize sanitation practices and
minimize seasonal variations (Table 4). Facility size was
determined by the number of pickers because production
quantities are not available from all private firms (Table
5).
Sampling

From July through August, 1994, hand picked crabmeat
samples from 12 blue crab (Callinectes sapidus) processing
facilities in Virginia were collected and analyzed for their
selected microbial populations. Twenty samples from each of
the different facilities were collected on different
processing days and analyzed. Meat samples were collected
from the picking tables, packed in an insulated cooler with
frozen gel-packs, and shipped overnight to Virginia Tech in
Blacksburg, Virginia. All samples arrived at the laboratory
between 0 and 4°C and were analyzed between 16 h and 36 h of
collection.
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Microbiological Analysis

An initial dilution of 1:1 for each sample was prepared
by stomaching 50 g of crabmeat with 50 mL of Butterfield’s
phosphate buffer (BFD) for 30 seconds. Subsequent serial
dilutions were prepared in Butterfield’s phosphate buffer.
Microbiological analysis

Crab samples were prepared and analyzed according to
United States Food and Drug Administration (FDA) procedures
(3, 10, 11, 20, 21) with the exception of E. coli 0157:H7.
E. coli 0O157:H7 was analyzed using the 3M Test kit-HEC for
Hemorrhagic E. coli 0157:H7 which is accepted by the United
States Department of Agriculture (USDA) (16). Fecal
coliform positive Klebsiella pneumoniae (17) was analyzed
following FDA fecal coliform test procedures (10) and was
then selectively streaked to EMB agar with adonitol and
esculin sugars. Five randomly selected samples from each
plant were tested for aerobic plate count, coliforms, and
Escherichia coli, while twenty samples were tested for the
presence of pathogens. All serial dilutions were prepared
in Butterfield’s Phosphate-Buffered distilled water (27).
Statistical Analysis

Data generated was subjected to analysis of wvariance
and multiple analysis of variance to determine effect of
APC, coliforms, E. coli, plant size, and sanitation on
isolation rates of pathogenic organisms (33).
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RESULTS AND DISCUSSION
Standard Plate Count

Microbiological data including arithmetic and
logarithmic means for APC, and arithmetic mean for coliform
fecal coliform and E. coli levels are presented in Table 6.

The standard aerobic plate count determinations for
fresh handpicked blue crab meat ranged from 7.4x10% to
4.6x10°% (geometric mean) and 6.7x10° to 3.5x10’ (log
transformation) CFU/g (Table 7). The ICMSF recommends that
for fresh crabmeat, standard plate counts having a plate
count of less than 1x10° CFU/g are of good quality, products
with between 1x10° to 1x107 CFU/g are of acceptable quality
and products with standard plate counts in excess of 1x10’
CFU/g are of unacceptable quality (12). Small facilities
were found to have products with 65% good quality, 20%
acceptable quality and 15% unacceptable quality. Medium and
large facilities had products of 80% good quality, 10%
acceptable quality, and 10% unacceptable quality and 85%
good quality, 0% acceptable quality, and 15% unacceptable
quality, respectively (Table 8). About 10% unacceptable
quality results are consistent with a previous quality study
on westcoast market crabmeat (1).
Coliforms

The number of coliforms in fresh hand picked blue crab
meat ranged frbm <0.3 to 32.8 MPN/g (geometric) while fecal
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coliforms counts ranged from <0.3 to 2.26 MPN/g (geometric)
and E. coli from <0.3 to 0.77 MPN/g.
Pathogens

Fecal positve Klebsiella pneumoniae was found in 51
(21.3%) of the 240 samples of freshly cooked, hand picked
blue crab meat analyzed (Table 9). Levels of fecal positive
K. pneumoniae in the 51 positive samples ranged from less
than 0.3 to 4.2 MPN/g (Table 10). This level of the
oportunistic pathogen is low when compared with other food
products which have been tested for the presence of K.
pneumoniae (5, 8, 14, 19, 28). However, in our study only
fecal positive K. pneumoniae were tested becasue of their
ability to colonize the intestinal tract of
immunocompromised individuals. These gquantitative levels
probably do not represent a health hazard, however, because
crabmeat is a ready-to-eat product and K. pneumoniae is a
spoilage organism, industry should continue to make efforts
to decrease or eliminate it from their products.

Campylobacter species were isolated from a total of 50
(20.8%) of the 240 samples of crabmeat (Table 9).
Campylobacter jejuni was isolated from 36 (15.0%) samples
and Campylobacter coli from 14 (5.8%) samples (Table 9).
Quantitative levels of Campylobacter species were all below
limits of detection (<0.3 MPN/g). Species determinations
were made on the ability of C. jejuni to hydrolyze hippurate
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and a failure to produce H,S when grown on TSI agar since C.
coli does not hydrolyze hippurate and produce H,S when grown
on TSI agar.

C. jejuni was isolated from 20 samples from plants with
excellent sanitation practices and 16 samples from
facilities with acceptable sanitation. . coli was found in
6 and 8 samples of fresh blue crab meat from facilities with
excellent and acceptable sanitation practices, respectively
(Table 11). While C. jejuni was isolated from 18 samples
from large facilities, 5 samples from medium facilities and
13 samples from sample processing facilities, and C. coli
was isolated from 6 samples from large facilities, 2 samples
from medium facilities and 6 samples from small processing
facilities (Table 11).

Escherichia coli 0157:H7 and Salmonella species were
not isolated from any of the 240 crabmeat samples.

Facility size had no significant effect (p<0.05) on the
presence of pathogens in fresh hand picked blue crab meat
(Table 11) or on overall general microbial quality.
Sanitation practices also had no significant effect (p<0.05)
on the isolation of pathogens or overall general microbial

quality.
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Table 4: Five Inspection Scores and Blue Crab Processing Facility Overall Sanitation Rating

FACILITY INSPECTION SCORES SANITATION
1 2 3 4 5 MEAN SCORES
1 95.5 96.0 98.0 97.5 97.5 96.9 E
2 86.5 96.0 98.0 95.5 96.5 94.5 E
3 89.5 91.0 89.0 95.0 92.0 91.3 A
4 99.0 94.0 92.0 88.0 91.0 92.8 A
5 97.0 98.0 97.0 98.0 98.0 97.6 E
6 93.0 95.0 97.0 98.0 96.0 95.8 E
7 96.5 93.5 94.0 97.0 89.0 94.0 A
8 90.0 92.0 98.0 96.5 93.0 93.9 A
9 95.5 91.0 99 100 100 97.1 E
10 100 100 97.5 98.0 98.5 98.8 E
11 96.0 93.0 90.0 95.0 90.0 92.8 A
12 91.5 95.0 96.0 93.0 96.0 94.3 A
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Table 5: Number of Pickers at Each Blue Crab Processing Facility and Facility Size Designation

FACILITY TOTAL NUMBER OF PICKERS FACILITY SIZE
1 80 L~
2 75 L
3 42 L
4 80 L
5 24 M
6 26 M
7 40 M
8 30 M
9 3 S
10 1 S
11 3 S
12 9 S
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SUMMARY

The incidence of Campylobacter species in freshly
cooked and hand picked blue crab (Callinectes sapidus) meat
was determined to be approximately 21%. C. jejuni was
isolated from 36 (15.0%) of 240 samples while C. ccli was
isolated from 14 (5.8%) samples. The quantitative levels at
which Campylobacter species were found were below limits of
detection for analysis (<0.3 MPN/g).

Fecal positvie Klebsiella pneumoniae was also isolated
from fresh hand picked blue crabmeat. Of the 240 samples
tested, K. pneumoniae was isolated a total of 51 times or
approximately 21% of the time. Quantitative levels were
very low, between less than 0.3 and 4.2 MPN/g. This level
represents much lower numbers than those for fecal positive
K. pneumoniae in other food products (5, 8, 14, 19, 28).

Escherichia coli 0157:H7 was not isolated from any of
240 samples tested. Salmonella species were also not
isolated from any of the fresh crabmeat samples.

An attempt was made to compare pathogenic levels and
general microbial quality of fresh crabmeat to processing
facility size and sanitation practices, however it was not
significant (p<0.05) when an analysis of variance and
multiple analysis of variance was determined.

The overall general quality of fresh blue crab meat was
compared with the International Committee Microbioclogical
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Specifications for Foods Quality Standards. Overall the
quality of the meat was high. The standard aerobic plate
count determinations for fresh handpicked blue crab meat
ranged from 7.4x10° to 3.8x10° (geometric mean) and 6.7x10°
to 3.5x107 (log transformation) CFU/g (table 7). The ICMSF
recommends that for fresh crabmeat, standard plate counts
having a plate count of less than 1x10° CFU/g are of good
quality, products with between 1x10° to 1x10’ CFU/g are of
acceptable quality and products with standard plate counts
in excess of 1x10’ CFU/g are unacceptable quality (12).
Small facilities were found to have products with 65% good
quality, 20% acceptable quality and 15% unacceptable.
Medium and large facilities had products of 80% good
quality, 10% acceptable quality, and 10% unacceptable
quality and 85% good quality, 0% acceptable quality, and 15%
unacceptable quality, respectively. About 10% unacceptable
quality results are consistent with a previous quality study
of crabmeat (1).

While Virginia Department of Health Inspection scores
did not correlate to the presence or quantities of fecal
positive K. pneumoniae and C. jejuni/coli, the current .
quality of fresh crabmeat is an indicator of the success the
Division of Shellfish Sanitation is having in regulating and
requiring the production of a wholesome and safe product.
The use of the current inspection sheets (appendix 1) has
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prevented foodborne illness and the safety history of fresh
crabmeat is an indicator of this fact. The inspection
sheets are not able to relate plant sanitation to specific
pathogens, but this does not indicate a need for change.

The large number of crabmeat samples tested and both the few
positive pathogens and the quantities of pathogens support
the use of a general inspection score in determining the
safety of processed crabmeat.

The value of using Virginia Department of Health
inspection scores is also indicated by the inability to
isolate Salmonella species and Escherichia coli 0157:H7 from
any of the crabmeat samples analyzed. Salmonella has been a
problem for the seafood industry in the past and has
previously been isolated from fresh hand picked blue
crabmeat (26). Not detecting Salmonella indicates the
crabmeat industries accomplishments in improving and
implementing effective sanitation programs. Escherichia
coli 0157:H7 was not expected to be isolated from fresh
crabmeat. While this study does not eliminate the need for
continued sanitation practices in the industry to avoid E.
coli 0157:H7, it does demonstrate that no level of end-
product testing could accurately reflect sanitation
practices and the possibility of some pathogen
contamination.

Finally, the isolation of Campylobacter species from
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crabmeat is not a reason for great concern in the seafood
industry. Campylobacter species do not grow at
refrigeration temperatures and the levels of the organisms
igsoclated in this study were well below the human infective
dose. Since, C. jejuni and C. coli are destroyed by the
thermal process, contamination must have occurred post
cooking. It should be a goal for the industry, to identify
the sources of Campylobacter species contamination and

reduce the incidence.
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VIRGINIA DEPARTMENT OF HEALTH
DIVISION OF SHELLFISH SANITATION
CRUSTACEA PLANT INSPECTION FORM
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Plant Certification Number:
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Picking and Packing of Crustacea Meat, 2 - Pasteurization of Crabmeat
Mechanically Processed Crustaces Meat & - Steamed Crustacea Operstions

1 -
3 -
5 - Custom Crustacea Operations, 6 - Repacking Crustacea Meat
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