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Samples of imported shrimp from China, Ecuador, and 

Mexico were obtained from wholesale (frozen) and retail 

markets (previously frozen), and aerobic plate counts (APC) 

using four temperature/salinity regimes, frequency of 

Listeria spp. and Vibrio spp. contamination, and antibiotic 

resistance patterns of Vibrio spp. were determined. 

Significant differences in APC were observed only between 

country and wholesale versus retail samples. Wholesale 

shrimp products were consistently excellent quality with 

respect to APC; problems observed were at the retail level* 

Listeria spp. and L. monocytogenes were isolated from 16.7% 

and 6.7% of the samples, respectively. Vibrio spp. were 

present in 63.3% of the samples, more often isolated from 

shrimp from Mexico or China than Ecuador. The majority of 

isolates were identified as V. parahaemolyticus (36.7%), V. 

alginolyticus (26.7%), or V. vulnificus (16.7%), and 53.7% 

were resistent to at least one antibiotic. These data 

reveal frozen, raw shrimp imported from Ecuador was superior 

quality to shrimp from Mexico and China. 
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CHAPTER 1 

INTRODUCTION 

Approximately 8,000 to 10,000 years ago, mankind 

advanced from a food gathering period into a food producing 

period (Jay, 1986). During this time problems associated 

with spoilage and disease resulting from improper storage 

were first encountered. Utilization of preservatives such 

as salt or sugar, which prolonged storage time, were soon 

discovered, but the causative agents of spoilage and 

foodborne disease remained a mystery. This lack of 

understanding regarding foodborne disease processes remained 

relatively static until the 'Germ Theory of Disease1 was 

formulated in the 1860s, and soon after the mechanics began 

to unfold. 

Since the discovery of an association between 

microorganisms and the transmittance of disease, researchers 

have been fascinated by the agents of foodborne disease. 

Currently in the United States, two bacterial types 

constitute the greatest risk in terms of cases per capita, 

Salmonella spp. and Staphylococcus aureus (Todd, 1989). 

Despite advances in the understanding of biological and 

technological forces leading to outbreaks of foodborne 

disease and the spread of these agents, frequency of 

outbreaks is rising for both pathogens. 
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Despite the high number of cases for the organisms 

mentioned above, the majority of foodborne illnesses are 

either unreported or the agent is undiagnosed (Todd, 1989). 
4 

Furthermore, microorganisms referred to as 'emerging,' have 

become increasingly important in terms of number and 

severity of cases. These include Listeria monocytogenes, 

pathogenic Vibrio spp., Yersinia enterocolytica, pathogenic 

Escherichia coli, and Aeromonas hydrophila, to name but a 

few. Our understanding of how these organisms live is 

severely limited, this results in an elevated risk due to 

the lack of knowledge. 

For the microorganisms examined in this study, L. 

monocytogenes and pathogenic Vibrio spp., the route of 

exposure into human hosts appears to have a central theme, 

i.e., lack of proper sanitation during food preparation 

which allow for the growth of organisms to unsafe levels 

(Roberts, 1990). For L. monocytogenes the picture is 

further complicated since the organisms are apparently 

ubiquitous in nature (Brackett, 1988). Unfortunately, this 

implies that all unprocessed foods pose a threat of 

foodborne disease. However, a more probable assumption 

would be that listeriae are associated with certain 

substrates, and appear in other environments as a result of 

cross-contamination. But the question still remains, which 

foods can we expect listeriae to be consistently present, 
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can the contamination be prevented by appropriate 

sanitation, and what levels of contamination, if any, are 

acceptable. 
4 

Vibrio spp. which also pose a foodborne threat, are an 

entirely different matter. Seafood products are the primary 

foods with Vibrio spp. contamination, since Vibrio spp. are 

indigenous in the marine environment. Most outbreaks have 

occurred after improper storage or cross-contamination 

(Roberts, 1990). Should all foods which come from the sea 

be suspect then, and should the products of aquaculture be 

equally suspect? The answer to that question is unknown at 

the moment. Apparently, the vibrios are seasonal in their 

distribution (Kaneko and Colwell, 1978), spatial in choice 

of habitat (Rivera et al., 1989), and show an affinity for 

the chitin component of shrimp cuticle (Shimodori et al., 

1989). Furthermore, crustaceans possess a cryoprotectant 

substance in the cuticle which may enhance of Vibrio spp. 

survival during cold conditions. Vibrio spp. enter a non-

culturable phase, indicating conclusions regarding abundance 

in nature is underestimated (Xu et al., 1982). So the 

presence of Vibrio spp. in seafood, especially crustaceans, 

is probably understated, as is their distribution worldwide. 

A third question remains concerning the risk these 

organisms pose in foods: What factors increase the risk 

associated with foodborne pathogens? Probably the most 
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important factor in the shrimp industry is antibiotic 

resistance patterns of foodborne pathogens, which are 

particularly important in the marine food industries for 

several reasons. First, the overuse of antimicrobials in 

aguaculture as a means of preventing disease has been well 

documented, and this selective pressure may increase the 

likelihood that a particular organism carries the genetic 

machinery for resistance (Brown, 1989). Second, the 

pollution of natural fisheries with sewage may seed a naive 

environment with the genetic elements responsible for those 

characteristics (Gauthier and Breittmayer, 1990) . It is 

therefore imperative that a comparison be conducted of the 

resistance patterns of foodborne pathogens normally 

associated with shrimp. 

This study examined the microbial quality of the 

imported raw shrimp products as determined by aerobic plate 

counts using a variety of temperature and salinity schemes, 

frequency of L. monocytogenes and Vibrio spp. contamination, 

and the antibiotic resistance patterns of Vibrio spp. 

Comparisons of total plate counts, pathogen isolations, and 

antibiotic resistance patterns for these potential pathogens 

were conducted by country of origin, and frozen versus 

retail, and the ramifications of those results discussed. 
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CHAPTER 2 

LITERATURE REVIEW 

Bacteria associated with foodborne disease 

It has been estimated that there are over 81 million 

cases of foodborne disease in the United States each year 

(Archer and Kvenburg, 1985). With only a very small 

proportion of these patients requiring medical attention, 

the actual number cases is probably underestimated. 

Overall, the majority of foodborne disease causing agents 

are bacteria. 

There are two categories of foodborne illness 

associated with bacterial pathogens. Foodborne intoxication 

is a result of ingestion of toxins produced by bacteria 

during growth, and is typical of Staphylococcus aureus, 

Clostridium botulinum, or Bacillus cereus. The second 

category involves foodborne infection, which occurs when 

ingestion of the bacteria results in growth and 

establishment of the organism in the host. Examples of 

organisms involved in this type of foodborne illness include 

Salmonella spp., Shigella spp., Yersinia spp., pathogenic 

Escherichia coli, Listeria monocytogenes, and Vibrio spp. 

Certain foodborne pathogens are associated with 

specific sources. Salmonella spp., Campylobacter spp., and 

Yersinia spp. are zoonotic, Clostridium spp. and B. cereus 
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are soilborne, and pathogenic E. coli and S. aureus 

principally derive from infected human carriers. For L. 

monocytogenes the link with specific food groups is 
4 

typically environmental. For Vibrio spp., the severity of 

contamination may be underestimated. 

Microbial quality of shrimp products 

The seafood market has blossomed over the last several 

years primarily due to an increased demand for these 

products by health-conscious consumers (O'Bannon, 1988) . 

While the availability of seafood from wild production has 

remained relatively stable, production from aguaculture has 

supplied most of the growing demand (Redmayre, 1989). 

Although the United States is targeted for increased 

production, it contributes little to the world market, 

except for catfish production. 

Concurrent with an increase in demand, the quality and 

subsequent safety of seafood products has come under 

tremendous scrutiny, as evident from several recent articles 

in consumer magazines (Beck, 1989, Anon., 1992), as well as 

numerous extensive studies in the scientific literature. 

The questions raised in the following text concern the 

microbial quality of frozen and thawed shrimp products as a 

function of number of microorganisms per unit weight, and 

safety, in terms of the presence of certain pathogens. And 



although seafood is considered to have an exemplary safety 

record as compared to other high protein foods (Otwell, 

1989), in fact, there exists a great disparity from report 

to report. 

Foster et al. (1977) examined 51 samples of fresh shrimp 

from local retail outlets in Seattle, finding microbial 

counts ranging from 103 to 109. A study examining the 

microbial quality of 657 samples of frozen shrimp from 

Singapore, by Singh et al. (1987), showed counts in the 

range of 102 to 106. 

A great part of the dissimilarity in counts within and 

among studies stems from differences in the processing of 

cultured or wild-caught shrimp. Important factors include 

area cleanliness (shipboard or aguaculture facility), raw 

product handling, washing procedures, prevention of 

contamination from surfaces and personnel, proper storage, 

and packing methodology (Novak, 1973). Initial water 

quality, temperature, season, and salinity may also be major 

influences of shrimp microbial quality. 

Since there exists no standard aerobic plate count 

temperature, medium, or salinity for fresh, frozen, or 

previously frozen shrimp products, comparison between 

studies is severely limited. 

The potential of seafood products to carry human 

pathogens has been well documented. Fish and shellfish 
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accounted for 10.5 percent of all outbreaks of food-borne 

illness in the United States from 1978-87 (Liston, 1989), 

primarily a result of shellfish consumption. The majority 

of outbreaks and cases are of unknown etiology as determined 

by the Center for Disease Control (CDC) or Northeast 

Technical Support Unit (NETSU) (Ahmed, 1991). Sewage borne 

pathogens (Salmonella spp., pathogenic coliforms, 

enterococci, etc.) represent a great hazard, but organisms 

associated with the environment are also extremely important 

and may represent a greater potential for contamination of 

seafood (Ward, 1989). Two of these emerging pathogens, 

Listeria monocytogenes and Vibrio spp., have not been 

adequately studied in shrimp products or the products of 

aquaculture. 

Listeria monocytogenes 

After a series of outbreaks from 1979 to 1983, in which 

mortality was high, and the vehicle of infection was 

demonstrated to be food, L. monocytogenes gained tremendous 

notoriety as a human pathogen (Farber and Peterkin, 1991). 

The disease is sporadic, most often affecting individuals 

with compromised immune systems, primarily neonates. 

Incidence however, is increasing fastest in cases not 

associated with pregnancy. 

As a food-borne pathogen, L. monocytogenes represents 
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one of the greatest challenges to the food industry 

primarily because of its wide range of physiological 

tolerances including the ability to grow at refrigeration 

temperatures, abundance in nature, and the general 

uncertainty as to its risk as a common contaminant in food 

(Farber and Peterkin, 1991). 

Listeria spp. are of great concern in the food industry 

primarily because they can grow at or below refrigeration 

temperatures (Selliger and Jones, 1986). Furthermore, 

evidence indicates the presence of hemolytic factor 

necessary for virulence appears to be connected with 

temperature tolerance, so hemolytic strains of Listeria spp. 

grow better under cold conditions (Juntilla et al., 1988). 

Other phenotypic characteristics of the listeriae which 

are of concern in food industries include growth at low pH 

values (George et al., 1988), tolerance of a wide range of 

oxygen concentrations (Weis and Seeliger, 1975), resistance 

to freezing and heating (Golden et al., 1988), survival at 

very high salinities (Doyle, 1988), and survival of 

conventional water treatment (Al-Ghazali et al., 1988). 

Detection of slow growing Listeria spp. by isolation 

and culture, in heavily contaminated environments, like 

food, is difficult. A variety of plating media, enrichment 

methodologies, and pretreatments have been proposed. 

Alternative detection methods include monoclonal and 
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polyclonal antibodies, natural and synthetic DNA probes, and 

polymerase chain reaction tests (Farber and Peterkin, 1991). 

Pathogenicity studies of Listeria spp. as determined by 

experimental infection of mice, show certain strains of L. 

monocytogenes are much more virulent than others (Menudier 

et al., 1991). These data support the hypothesis that 

foodborne disease is strain dependent for L. monocytogenes, 

and may indicate routine food testing for L. monocytogenes 

may not be an efficient evaluation of risk unless other 

virulence attributes are tested as well. 

In the environment, L. monocytogenes appears to be 

ubiquitous (Jones, 1990). It has been isolated from forest 

soils, plants, feces of birds and deer (Weis and Seeliger, 

1975); river water, sewage sludge (Watkins and Sleath, 

1981); soils in a suburban community (Welshimer and Donker-

Voet, 1971); and from at least 42 species of domestic and 

wild mammals, and 17 species of birds (Jones, 1990). 

As a contaminant of food, listeriae have been isolated 

from nearly every type of food amenable to survival of 

microorganisms, including meat, dairy, egg, and vegetable 

products, as well as a variety of other products such as 

alfalfa tablets (Farber and Peterkin, 1991). In the food 

processing environment, Listeria spp. have been isolated 

from drains, floors, standing water, residues, and food-

contact surfaces (Cox et al., 1989). Conservative estimates 
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suggest 5 to 10 percent of the human population are carriers 

of the Listeria spp. (Farber and Peterkin, 1991), and may 

contaminate products through a lack of proper sanitation. 

Listeriae have been isolated from a variety of seafood 

products including frozen shrimp, crabmeat, lobster tail, 

fin fish, and surimi (Weagent et al., 1988). Farber (1991) 

found L. monocytogenes in 4 of 45 (9%) shrimp samples at the 

wholesale level, and in 4 of 20 (20%) retail samples. 

Another recent study examining the incidence of Listeria 

spp. in shrimp, oysters and estuarine waters found only 5 % 

contamination in shrimp samples, but all isolates were L. 

monocytogenes (Motes, 1991). Other studies have been 

negative for L. monocytogenes, but positive for L. innocua 

in tropical fish products (Fuchs et al., 1989). The source 

of contamination in the products of aquaculture is at the 

present time unknown but may be the result of fertilization 

of pond water with manure or sewage in cultured shrimp 

(McCarthy, 1990), contamination by aquatic birds (Fenlon, 

1985), or from the packing plant (Cox et al., 1989) among 

numerous other possibilities. In the production of wild and 

cultured seafood, there exists a plethora of opportunity for 

Listeria spp. to contaminate at a variety of control points. 

Estuaries, seawater, and sediment samples in California were 

found to be contaminated with listeriae (Colburn et al., 

1990). In the case of seawater the authors postulated that 
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this may have been the result of recent contamination by 

domesticated animals. Although no outbreaks of listeriosis 

have been directly linked to the consumption to seafood, 

shrimp have been implicated as a possible source of 

foodborne disease in an outbreak in New Zealand (Lennon et 

al., 1984), and epidemiologically linked to another case 

(Reido et al., 1990). A recent study conducted by the 

Agriculture Department's Agricultural Research Service 

revealed that the incidence of listeriae in seafood was 

greater than in samples of cooked chicken or raw, cooked, or 

cured meat (Anon, 1988a). Another survey conducted by the 

FDA in 1988 of seafood products found 28 percent of 165 

shrimp samples were positive for the presence of L. 

monocytogenes (Anon, 1988b). As a result of these types of 

studies, the FDA warned seafood processors of increased 

plant inspections (Morrison, 1989). 

It is abundantly obvious from the large amount of data 

that the presence of Listeria spp. in shrimp products is 

high enough to warrant concern, but the source of the 

organism has not been examined in these studies. This is 

primarily due to the difficulty in conducting this type of 

study, considering the number of possible sources and the 

durability of the organism. 
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Vibrio spp. 

Vibrio spp. are facultative anaerobic gram negative 

rods, most of which require 1 to 3 % salinity for growth. 

They are primarily residents of the marine environment, and 

are commonly associated with seafood. Of the twenty Vibrio 

species currently recognized, six are known to cause food-

borne disease, V. parahaemolyticus, V. cholerae, V. 

vulnificus, V. mimicus, V. hollisae, and V. furnisii 

(Hackney and Dicharry, 1988). 

V. cholerae is typically subdivided into two serotypes, 

01 and non-01, and then are subdivided again into toxigenic 

and non-toxigenic based on the capacity of the strain to 

produce cholera toxin. Toxigenic 01 are the causative 

agents of endemic or asiatic cholera. There have been a few 

outbreaks of shellfishborne asiatic cholera, but the disease 

is relatively rare in the United States (Rippey and Verber, 

1988). Non-01, non-toxigenic V. cholerae are principally 

associated with gastrointestinal illness, and are the second 

most common reported cause of illness due to Vibrio spp. 

(Morris and Black, 1985), and the most common bacterial 

cause of molluscan shellfish-associated illness according to 

the Northeastern Technical Surveillance Unit (NETSU)(Ahmed, 

1991). These strains are principally associated with 

seafood. 

V. parahaemolyticus was first recognized as a foodborne 
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pathogen in 1951 (Fujino et al., 1953). In Japan, where raw 

seafood consumption is common, V. parahaemolyticus causes up 

to 70 % of all foodborne disease (Fujino et al., 1974). The 

first confirmed outbreak in the U.S. occurred in 1973, and 

was traced to steamed crabs (CDC, 1973). Since then, many 

cases have been traced to shrimp and other seafood. 

However, studies indicate few of these isolates are capable 

of causing foodborne disease (Fujino et al., 1974, Blake et 

al., 1980). 

V. vulnificus has been called 'the terror of the deep' 

and is one of the most invasive bacterial species ever 

described (Oliver, 1988). Forty to sixty % of cases result 

in death. The most common vehicle of infection appears to 

be oysters and seawater, but unlike V. parahaemolyticus, the 

majority of environmental V. vulnificus strains are virulent 

(Tison and Kelly, 1986). 

V. mimicus, V. hollisae, and V. furnisii have all been 

either implicated or confirmed as causative agents of 

foodborne disease (Hackney and Dicharry, 1988). Shrimp 

products have been shown to be the vehicle of infection for 

V. hollisae, and are likely to be associated with V. mimicus 

and V. furnisii. 

Vibrio spp. are sensitive to heat and subfreezing 

temperatures, but are able to withstand and grow at a wide 

range of NaCl concentrations (Hackney and Dicharry, 1988). 
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Host cases of foodborne disease are the result of 

consumption of raw seafood, time and temperature abuses, or 

cross-contamination with raw products (Roberts, 1990). 
4 

Antibiotic resistance in seafoodborne pathogens 

An important debate within the aquaculture industry has 

focused on whether use of antibiotics promotes the spread of 

resistance factors among food-borne pathogens. In a recent 

review of this practice, Brown (1989) suggests the 

widespread prophylactic use of antibiotics in shrimp farms 

as a means of preventing disease induces the development of 

antibiotic resistant bacteria, particularly in the genus 

Vibrio. 

Vibrio spp. have several means of transferring genetic 

information within and among species. Conjugation with 

plasmid DNA has been demonstrated by numerous authors. 

Phenotypic characteristics residing on plasmids include 

resistance to antibiotics (Sizemore and Colwell, 1977), 

hemolysin production (Honda et al., 1986), and heavy metal 

resistance (Hada and Sizemore, 1984). Transformation was 

recently demonstrated in V. parahaemolyticus (Stewart and 

Sinigalliano, 1990), as was transduction in V. cholerae 

(Guildolin and Hanning, 1987). 

Jeanthon et al. (1988) studied the effects of 

prophylactic antibiotic therapy in scallop culture, finding 
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only one Vibrio spp. resistant to chloramphenicol among 21 

isolates, after 48 hours treatment with chloramphenicol. 

The authors suggested that subtherapeutic antibiotic therapy 

was a safe practice based on these results. However, 

research on chickens indicates prolonged use of a single 

antibiotic can select for bacteria resistant to other 

structurally different antibiotics (Levy, 1987). The 

multiple-resistant traits are also more easily passed among 

organisms than is single resistance, and will remain in the 

environment for long periods after subtherapeutic treatment 

has stopped. 

Several studies of bacteria associated with aquaculture 

have demonstrated widespread antibiotic resistance 

(McPhearson, et al. 1991; Lewis and Plumb, 1985; Aoki and 

Kitao, 1981). Gene transfer of resistance elements in 

marine environments has also been shown to be elevated in 

polluted waters (Gauthier and Breittmayer, 1990). 



CHAPTER 3 

MATERIALS AND METHODS 

Sample Collection 

Frozen (2.5 kg) packages of raw shrimp from either 

China, Ecuador, or Mexico were purchased from local 

distributors and retail seafood outlets as they became 

available. Previously frozen/retail samples were thawed, 

weighed, and repackaged by retail outlet personnel. Frozen 

samples were stored at -70°C until use; retail samples were 

analyzed immediately after purchase. 

Aerobic Plate Counts (APC) 

Twenty-five grams of shrimp were added to 225 ml of 

0.75 or 3.0 % saline, and blended for one minute in a 

sterile Waring blender. Serial dilutions were performed by 

adding 10 ml shrimp slurry with 90 ml saline and shaking 

vigorously for 30 sec. Duplicate 1 ml portions of the 

appropriate dilution were mixed with 12 ml molten (45°C) 

Standard Methods Agar (SMA)(Appendix A) supplemented with 

either 0.75 or 3.0 % NaCl. Solidified plates were incubated 

at 25°C or 37°C for 72 hours. Controls consisted of agar 

alone and agar with sterilized dilution water. All counts 

were performed in duplicate. 

Listeria spp. Isolation and Identification 

Listeria spp. isolation and identification were 
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performed, with minor differences, using methodologies of 

the Food and Drug Administration (Lovett, 1984). Listeria 

spp. isolation was performed by adding 25 grams of shrimp 

tissue to 225 ml UVM Listeria Enrichment Broth (Appendix B) 

and blending thoroughly. The solution was transferred to a 

sterile 500 ml Erlenmeyer flask and incubated for seven days 

at 35°C. After 24 h and 7 days, aliquats were streaked onto 

McBride Agar (MA)(Appendix C) or Listeria Selective Agar 

(LSA)(Appendix D) and incubated at 35°C for 24 to 48 h. MA 

plates were examined for suspect colonies using beamed white 

light to illuminate each plate, striking the plate bottom at 

a 45 degree angle. Blue-grey colonies were transferred to 

Tryptic Soy Agar with 0.6 % Yeast Extract (Appendix E). 

Suspect colonies on LSA showing black coloration due to 

esculin hydrolysis were streaked as MA colonies. 

Purified strains were tested for catalase production, 

Gram stained, examined for characteristic tumbling motility 

and motility after incubation at room temperature (but not 

37°C), nitrate reduction, acid production from carbohydrate, 

enzymatic reactions, and hemolytic reaction. 

Vibrio Isolation and Identification 

Vibrio spp. isolation was conducted in accordance with 

the Bacteriological Analytical Manual for Foods (Twedt, 

1984). Three 10 ml portions of the 1:10 dilution in 3 % 



saline utilized for APC were inoculated into three tubes 

containing 10 ml double strength Alkaline Peptone Water 

(APW)(Appendix F). Three one ml portions of the 1:10, 

1:100, and 1:1000 dilutions were inoculated into single 

strength APW. Tubes were incubated overnight (18-24 h) at 

35°C. After incubation, tubes showing growth were streaked 

onto Thiosulfate-citrate-bile-salts-sucrose agar (TCBS) 

(Appendix G) and incubated overnight at 35°C. Suspect 

colonies (green or yellow morphology on TCBS) were streaked 

on SMA with 3 % NaCl. After 24 h growth at 35°C, isolated 

strains were tested for oxidase reaction, and positive 

strains were identified biochemically using the API Rapid 

NFT profile index (API Analab Products, Plainsview, N.Y.) as 

per manufacturers instructions. The test consists of 20 

individual cupules with nine enzymatic assays: N03 

reductase, tryptophanase, glucose fermentation, arginine 

dihydrolase, urease, esculin hydrolase, gelatinase, B-

galactosidase, and cytochrome oxidase. In addition, there 

are assimilation tests for D-glucose, L-arabinose, D-

mannose, D-mannitol, N-acetyl-D-glucosamine, maltose, D-

gluconate, caprate, adipate, L-malate, citrate, and 

pheylacetate. Supplemental tests for confirmation of V. 

parahaemolyticus, V. cholerae, V. vulnificus, V. hollisae, 

V. alginolyticus, and V. fluvialis included sucrose and 

lactose utilization, growth in 0, 6, 8, and 10 percent NaCl, 
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motility test, and hemolysis on blood agar plates. 

Antibiotic Susceptibility Determination 

Antibiotic sensitivities were conducted on Vibrio 

isolates and ATCC type strains using the agar dilution 

method with the Steers Replicator (Steers, 1959), a device 

composed of a stainless steel 32 prong replicator head which 

allows simultaneous transfer of up to 32 strains to multiple 

agar plate surfaces. Controls used included Escherichia 

coli ATCC 25922, Staphylococcus aureus ATCC 29213, 

Pseudomonas aeruginosa ATCC 27853, Listeria monocytogenes 

ATCC 19115, and Vibrio parahaemolyticus (D.V. Lightner, 

University of Arizona, Tucson, AZ). 

Ampicillin, chloramphenicol, erythromycin, ormetoprim-

sulfadimethoxine, and tetracycline stock solutions were 

prepared at a concentration of approximately 2 mg/ml. Stock 

solutions were further diluted in Mueller Hinton Agar 

(Appendix H) to achieve final concentrations of 0, 0.5, l, 

2, 4, 8, 16, 32, 64, and 128 /ig/ml. Plates were stored at 

7°C for a maximum of five days before use. 

Strains were grown overnight in Tryptic Soy Broth 

(Appendix I) (with 3% sodium chloride for marine strains) at 

35° C and diluted in physiological saline to McFarland 

standard of 1, or approximately 1 x 107 organisms per ml. 

An inoculum of 0.1 ml was transferred to a well in the 
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Steers replicator (Steers et al., 1959), and up to 32 wells 

containing test strains, and control strains were spot 

inoculated randomly onto Mueller Hinton Agar plates 

containing appropriate antibiotic concentrations (in 

triplicate). No more than six plates were inoculated before 

the replicator was reinoculated. Plates were incubated at 

35°C for 24 h. The Minimum Inhibitory Concentration (MIC) 

was the lowest concentration of antibiotic showing no 

growth. Established MIC values for ampicillin, 

chloramphenicol, erythromycin, ormetoprim-sulfadimethoxine, 

and oxytetracycline based on Sahm and Washington (1985), and 

Molitoris et al. (1985) are 32, 32, 8, 32, and 16 nq/ml, 

respectively. 

Statistical Analysis 

Analysis of variance (a = 0.05) of aerobic plate count 

data was conducted using SYSTAT program (SYSTAT, Inc. 1985), 

and the methodology of Ott (1988). 
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CHAPTER 4 

RESULTS AND DISCUSSION 

Aerobic Plate Counts (APC) 

Sample origin, brand name, wholesale or retail, and 

farmed or wild-caught information is shown in Table 1. 

Farmed or wild-caught was surmised for samples not 

adequately labeled, based on production percentages for each 

country (Aiken, 1990). A comparison of mean aerobic plate 

count per gram shrimp using the four sets of conditions on a 

per country basis is shown in Table 2. ANOVA results 

presented in Table 3 show a significant difference only 

between country of origin, previously frozen retail or 

frozen wholesale, and the interaction between these two 

parameters. Unfortunately, this interaction precludes 

further statistical ranking by the country of origin, and 

wholesale versus retail. 

Based on the results of this study, differences in 

media salinity and incubation temperature have no effect on 

the relative microbial count based on the statistical 

results. Vanderzant et al. (1973) examined the effect of 

incubation temperature on the aerobic plate count of raw 

breaded shrimp, finding significant differences between 25°C 

and 35°C. Since the addition of breading may add additional 

bacterial species sensitive to changes in temperature, those 
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Table 1: Origin of wholesale (frozen) or retail (previously 
frozen) shrimp imported from China, Ecuador, or Mexico. 

No. Oriain Brand Name Wholesale/Retail 
4 

Farmed 

1 Ecuador Mar Azul Wholesale Yes 
2 Mexico Deep Sea Wholesale No 
3 Ecuador Isaac Wholesale Yes 
4 Mexico Gold Meridian Wholesale No 
5 China China National Retail Yes 
6 China China National Wholesale Yes 
7 China No brand name Retail Yes 
8 China No brand name Wholesale Yes 
9 Mexico No brand name Retail No 
10 China China National Retail Yes 
11 Mexico No brand name Wholesale No 
12 China China National Wholesale Yes 
13 China Sea Retail Yes 
14 China Sea Wholesale Yes 
15 Ecuador Blanquita Retail Yes 
16 Ecuador Blanquita Wholesale Yes 
17 Ecuador Pacific Best Retail Yes 
18 Ecuador Pacific Best Wholesale Yes 
19 Mexico No brand name Retail No 
20 Mexico No brand name Retail No 
21 Ecuador Blanquita Retail Yes 
22 Ecuador Blanquita Retail Yes 
23 Ecuador Blanquita Wholesale Yes 
24 Mexico Ocean Garden Retail No 
25 Mexico Ocean Garden Wholesale No 
26 Ecuador Blanquita Retail Yes 
27 China New Star Retail Yes 
28 China New Star Wholesale Yes 
29 Mexico Prime Meridian Retail No 
30 Mexico Prime Meridian Wholesale No 
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Table 2: Aerobic Plate Counts of frozen and previously 
frozen shrimp imported from China, Ecuador, or Mexico using 
varied temperature-salinity combinations. 

China—Previously frozen 
4 

Mean No. /a shrimr> 

25°C-0.75%NaCl 25°C-3%NaCl 35°C-0.75%NaCl 35°C-3%NaCl 

1.6 X 105 1.3 X 105 

4.9 X 105 3.7 X 105 
4.8 X 106 4.2 X 106 
4.9 X 106 4.6 X 106 
4.8 X 105 5.0 X 105 

1.4 X 105 

3.9 X 105 
3.4 X 106 
4.5 X 106 
4.7 X 105 

1.1 X 105 

2.2 X 105 
3.9 X 106 
3.1 X 106 

5.1 X 105 

Mean 
• 

2.2 X 106 2.0 X 106 1.8 X 106 1.6 X 106 

Standard Deviation 

2.3 X 106 2.2 X 106 1.8 X 106 1.7 X 106 

China—Frozen 

Mean No./a shrimp 

25°C-0.75%NaCl 25°C-3%NaCl 35°C-Q.75%NaCl 35°C-3%NaCl 

105 

105 

104 

105 

105 

Mean 

2.7 X 105 1.9 X 105 2.4 X 105 1.9 X 105 

Standard Deviation 

1.5 X 105 1.3 X 105 1.7 X 105 1.2 X 
1.9 X 105 1.7 X 105 1.8 X 105 1.8 X 
7.5 X 104 6.5 X 104 7.5 X 104 5.5 X 
2.5 X 105 1.6 X 105 2.2 X 105 1.5 X 
6.9 X 10s 4.5 X 105 5.9 X 105 4.3 X 

2.2 x 105 1.4 x 105 1.8 x 105 1.3 x 105 
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Table 2 continued. 

Ecuador—Previously frozen 

Mean No./a shrimp. 

25°C-3%NaCl 35°C—0.75%NaCl 35°C—3%NaCl 

3.0 X 105 4.0 x 105 3.8 X 105 
5.5 X 104 5.8 X 104 5.5 X 104 
2.2 X 105 1.9 X 105 1.9 X 105 
7.7 X 105 7.1 X 105 7.8 X 105 

5.7 X 107 4.5 X 107 5.0 X 107 

3.1 x 105 
6.3 x 104 
2.5 X 105 
6.2 x 105 

5.7 x 107 

Mean 

1.2 x 107 1.2 x 107 9.4 x 106 1.0 x 107 

Standard Deviation 

2.3 X 107 2.3 X 107 1.9 X 107 2.0 X 107 

Ecuador—Frozen 

25°C—0.75%NaCl 

Mean No./a shrimp 

25°C-3%NaCl 35°C-0.75%NaCl 

Standard Deviation 

35°C-3%NaCl 

1.3 X 104 8.1 X 103 2.2 X 104 1.8 X 104 
1.9 X 104 2.8 X 104 2.3 X 104 2.7 X 104 
3.7 X 104 2.9 X 104 2.6 X 104 2.5 X 105 

1.0 X 105 1.1 X 105 1.0 X 105 9.4 X 104 

3.1 X 105 3.0 X 105 3.5 X 105 2.6 X 105 

Mean 

9.7 x 

o
 

H
 9.4 X 104 1.0 X 

in O
 

H
 •
 

00 

X 104 

1.2 X 10- 1.1 X 10- 1.3 X 10- 9.1 X 10f 
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Table 2 continued. 

Mexico—Previously frozen 

25°C—0 .75%NaCl 25°C :-3%NaCl 35°C :-o .75%NaCl 35°C !-3%NaCl 

1.1 X 107 1.1 X 107 6.3 X 106 6.4 X 106 

3.3 X 105 2.9 X 105 3.6 X 105 3.2 X 105 

1.1 X 106 1.1 X 106 1.1 X 106 9.0 X 105 

2.0 x 105 1.7 X 105 1.9 X 105 1.6 X 105 

4.8 x 105 5.0 X 105 4.7 X 105 5.1 X 105 

Mean 

2.6 x 106 2.7 X 106 1.7 X 106 1.7 X 106 

Standard Deviation 

4.1 x 106 4.4 X 106 2.3 X 106 2.4 X 106 

Mexico—Frozen 

25°C-0.75%NaCl 

Mean No./a shrimp 

25°C—3%NaCl 35°C-0.75%NaCl 

1.2 x 106 7.5 X 105 1.1 X 106 8.5 X 
2.1 x 105 2.2 X 105 2.1 X 105 2.0 X 
6.5 x 104 6.4 X 104 6.4 X 104 6.5 X 
2.4 X 10s 9.5 X 104 2.2 X 105 8.4 X 
6.9 X 10s 4.5 X 10s 5.9 X 105 4.3 X 

Mean 

5.9 x 105 4.4 X 105 

o
 • 

V
O

 

X 105 4.5 X 

35°C-3%NaCl 

10-
10J 

10J 

10< 
10£ 

10-

Standard Deviation 

3.7 x 10- 2.6 x 10- 3.6 x 10- 2.9 x 10-
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Table 3: ANOVA (a = 0.05) of Aerobic Plate Counts of frozen 
and previously frozen shrimp imported from China, Ecuador, 
or Mexico using varied temperature-salinity combinations. 

Source Sum-of-Squares DF Mean-Square F-Ratio P 

M 1. 78 X 1013 3 5.93 X 1012 0. 068 0. 977 

T 1. 31 X 1015 1 1.31 X 1015 15. 571 0. 000* 

C 9. 66 X 1014 2 4.83 X 1014 5. 742 0. 004* 

M X T 1. 83 X 1013 3 6.10 X 1012 0. 072 0. 975 

M x C 7. 40 X 1013 6 1.23 X 1012 0. 015 1. 000 

C x T 1. 09 X 1015 2 5.47 X 1014 6. 499 0. 002* 

M x T x C 7. 09 X 1012 6 1.18 X 1012 0. 014 1. 000 

Error 1. 89 X 1016 217 8.74 X 1013 

M = Incubation temperature/Medium salinity 
T = Thawed vs Frozen 
C = Country of Origin 
* = Significant at the 95 % level of confidence 
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results may not be comparable to the findings of this study. 

No significant difference between 25°C and 35°C was 

demonstrated in this study, even with varied salinities. 
4 

Therefore, for subsequent comparison and discussion, only 

the counts at 25°C and 0.75 percent salinity were 

considered. 

For frozen samples, values ranged from a low of 7.95 x 

103 to a high of 1.25 x 106. In previously frozen samples, 

the low count was 8.10 x 104, and the high value was 5.68 x 

107. Mean frozen shrimp APC was highest in samples from 

Mexico, and lowest in Ecuador samples. In previously frozen 

samples, the mean APC was highest in Ecuador samples and 

lowest in the China samples. Standard deviation was 

approximately one log greater in previously frozen samples. 

Tables 4 and 5 show the quality of raw frozen and 

previously frozen shrimp samples by country of origin, and 

based on the recommended limits and guidelines set up by the 

International Commission on Microbiological Specifications 

for Foods (ICMSF, 1974). Table 4 shows the percent samples 

exceeding the upper limit considered unacceptable, 1 x 107, 

and Table 5 shows the percent samples below the limit 

considered good quality, 1 x 106. Only 2 of 30 (6.7%) 

samples, both previously frozen obtained from retail 

outlets, were above the upper limit, and 24 of 30 (80%) were 

below the limit considered good quality. 
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Table 4: Percent of Aerobic Plate Counts of frozen and 
previously frozen shrimp imported from China, Ecuador, or 
Mexico exceeding ICMSF recommended limits of 1 x 107. 

Treatment Mexico Ecuador China 

Frozen 0.0 0.0 0.0 

Thawed 20.0 20.0 0.0 

Total 10.0 o
 

• o
 o

 • 

o
 

Table 5: Percent of Aerobic Plate Counts of frozen and 
previously frozen shrimp imported from China, Ecuador, or 
Mexico considered good quality by ICMSF limits of 1 x 106. 

Treatment Mexico Ecuador China 

Frozen 60.0 100.0 100.0 

Thawed 80.0 80.0 60.0 

Total 70.0 90.0 80.0 
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Aerobic plate count data reveal that frozen shrimp 

quality is consistently excellent with respect to microbial 

contamination. Previously frozen shrimp however, show a 
4 

wide variance from sample to sample, most likely due to 

mishandling once the product reaches the retail market. The 

mean aerobic plate counts were deceivingly high in the 

previously frozen Ecuador shrimp samples, due to one highly 

contaminated sample. If this data point was removed, the 
t 

mean would be 3.1 x 105, as compared to 2.3 x 107, 

indicating, as previously stated, that shrimp from Ecuador 

are of better microbial quality overall. 

Part of the differences observed between the countries 

may be the length of time after harvest of the shrimp prior 

to freezing (Miget, 1991). Shrimp from Ecuador and China 

are almost exclusively the product of aquaculture, and are 

frozen soon after harvest. Shrimp imported from Mexico 

however, are primarily wild caught and stored aboard ship as 

long as 15 to 20 days. Other explanations for these 

differences may be degree of proficiency in product 

handling, sanitation, and processing. 
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Listeria Isolation 

Table 6 shows the percent contamination for both 

Listeria spp. and L. monocytogenes. Of the 16.7% samples 
4 

positive for Listeria spp., four out of five were previously 

frozen. Both of the L. monocytogenes positive samples were 

previously frozen. Two other species, L. ivanovii and L. 

welshmeri, were isolated. 

All of the Listeria spp. were isolated on Listeria 

Selective Agar. McBride Agar was unsuitable due to the 

overgrowth of faster-growing streptococci and 

corynebacteria. 

L. monocytogenes was isolated from 6.7 % of the 

samples, and this value is consistent with other studies 

(Farber and Motes, 1991). It would seem likely, based on 

these results, that the majority of contamination occurs 

after the shrimp are harvested. With the numerous routes of 

contamination possible, the only reasonable approach to 

controlling the likelihood of shrimp borne listeriosis would 

be educate the public strenuously as to the dangers of 

eating raw seafood. Other than cross-contamination of 

cooked product, researchers at the FDA have demonstrated 

that properly cooked shrimp probably poses no threat of 

listeriosis (McCarthy et al., 1990). 
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Table 6: Percent of frozen and previously frozen shrimp 
imported from China, Ecuador, or Mexico positive for 
Listeria spp. isolation. 

Species Mexico Ecuador China Frozen P.Froz. Total 

All Listeria spp. 3.3 3.3 10.0 6.7 26.7 16.7 

L. monocytogenes 0.0 0.0 6.7 0.0 13.3 6.7 
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Vibrio Isolation 

Vibrio spp. were present in over 63.3 % of samples, and 

were more frequently encountered in frozen samples, 
4 

particularly shrimp from Mexico (Table 7). The predominant 

species isolated was V. parahaemolyticus, followed by V. 

alginolyticus, V. vulnificus, V. cholerae, and V. fluvialis 

respectively, in order of incidence. 

These results reveal a greater degree of contamination 

of shrimp than a similar study where the frequency of 

isolation was 8 % for V. parahaemolyticus and V. 

alginolyticus, and 4 % for V. vulnificus (Chan et al., 

1989). Abeyta (1983) found V. parahaemolyticus in only 10.7 

% of shrimp in Seattle retail markets. The more frequent 

isolation of Vibrio spp. in this study may be a result of 

different enrichment and selective techniques. The 

discovery of a nonculturable phase in Vibrio spp. may 

invalidate the use of direct plating or Most Probable Number 

techniques used elsewhere (Roszak and Colwell, 1987). 

Whether methodology utilized in this study reflect an 

accurate picture of the real frequency of contamination is 

unknown, but data reveal a greater degree of Vibrio spp. 

contamination in shrimp products as compared to other 

studies. Furthermore, a greater frequency was observed for 

China and Mexico samples, perhaps a result of different 
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Table 7: Percent of frozen and previously frozen shrimp 
imported from China, Ecuador, or Mexico positive for Vibrio 
spp. isolation. 

Species Mexico Ecuador China Frozen P.Froz. Total 

All Vibrio spp. 80. 0 40. 0 70.0 73.3 53.3 63.3 

V. parahaemolyticus 60. 0 20. 0 30.0 46.7 26.7 36.7 

V. vulnificus 40. 0 10. 0 0.0 20.0 13.3 16.7 

V. alginolyticus 30. 0 10. 0 40.0 26.7 26.7 26.7 

V. cholerae 10. 0 10. 0 10.0 13.3 6.7 10.0 

V. fluvialis 20. 0 0. 0 10.0 0.0 13.3 6.7 
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shrimp culture practices or handling practices after 

harvesting and prior to and/or during packing. 

Antibiotic Susceptibility 

Data concerning the presence of antibiotic resistance 

in Vibrio spp. is summarized in Figures 1 through 8 and 

Tables 8 through 15. For Vibrio spp. in this study, MIC 

values denoting resistance for ampicillin, chloramphenicol, 

erythromycin, ormetoprim-sulfadimethoxine, and 

oxytetracycline were 32, 32, 8, 32, and 16 /ug/ml, 

respectively, as used by Dixon et al. (1990) , Molitoris et 

al. (1985) and Sahm and Washington (1985). The majority of 

strains isolated in this study were sensitive to 

chloramphenicol and ormetoprim-sulfadimethoxine, moderately 

resistant to oxytetracycline, and resistant to ampicillin 

and erythromycin (Figures 1-5, Tables 8-11). Overall, 

resistance was lower in Vibrio spp. from Ecuador samples. 

Of 116 Vibrio spp. isolated in total, 83.7% were resistant 

to ampicillin, 79.4% resistant to erythromycin, 17.2% 

resistant to oxytetracycline, 9.5% resistant to ormetoprim-

sulfadimethoxine, and 6.1% resistent to chloramphenicol 

(Table 12). These figures demonstrate the high percentage 

of antibiotic resistent Vibrio spp. which are contaminants 

of raw, frozen shrimp products, and this surely poses a 
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Ecuador, or Mexico. 
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Table 8: Susceptibility of Vibrio spp. to antibiotics as 
determined by MIC agar dilution technique from frozen and 
previously frozen shrimp imported from China, Ecuador, or 
Mexico. 

Percent strains sensitive at concentration (ug/ml) 
Antibiotic 0.5 1 2 4 8 16 32 64 128 >128 

amp 3.5 3.5 1.7 0.9 5.2 1.7 3.5 1.7 3.5 75.0 

chl 7.8 50.0 24.1 4.3 4.3 3.5 3.5 2.6 0.0 0.0 

ery 3.5 3.5 7.8 5.2 37.1 25.9 6.9 0.9 1.7 6.9 

o/p 14.7 31.0 15.5 16.4 6.9 7.7 4.3 3.5 1.7 0.0 

otc 3.5 17.2 25.0 12.9 24.1 1.7 1.7 0.0 2.6 11.2 

amp = ampicillin chl = chloramphenicol 
ery = erythromycin o/p = ormetoprim/sulfadimethoxine 
otc = oxytetracycline 

Table 9: Susceptibility of Vibrio spp. to antibiotics as 
determined by MIC agar dilution technique from frozen and 
previously frozen shrimp imported from China. 

Percent strains sensitive at concentration (ug/ml) 
Antibiotic 0.5 1 2 4 8 16 32 64 128 >128 

amp 0.0 0.0 0.0 0.0 2.6 2.6 0.0 0.0 0.0 94.9 

chl 0.0 56.4 25.6 2.6 2.6 2.6 5.1 5.1 0.0 0.0 

ery 2.6 0.0 2.6 2.6 38.5 28.2 18.0 0.0 5.1 2.6 

o/p 2.6 23.1 20.5 25.6 7.7 15.4 2.6 5.1 0.0 0.0 

Otc 2.6 0.0 20.5 18.0 30.8 2.6 0.0 0.0 7.7 18.0 

amp = ampicillin chl = chloramphenicol 
ery = erythromycin o/p = ormetoprim/sulfadimethoxine 
otc = oxytetracycline 
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Table 10: Susceptibility of Vibrio spp. to antibiotics as 
determined by MIC agar dilution technique from frozen and 
previously frozen shrimp imported from Ecuador. 

Percent strains sensitive at concentration (ug/ml) 
Antibiotic 0.5 1 2 4 8 16 32 64 128 >128 

amp 

CO • 9.5 

CO • 

CO 

• 23.8 9.5 9.5 4.8 14.3 19.0 

chl 28.6 42.9 19.0 4.8 4.8 0.0 0.0 0.0 0.0 0.0 

ery 4.8 9.5 28.6 0.0 14.3 28.6 4.8 0.0 0.0 4.8 

o/p 14.3 61.9 14.3 0.0 4.8 4.8 0.0 0.0 0.0 4.8 

otc 4.8 47.6 4.8 9.5 28.6 0.0 4.8 0.0 0.0 0.0 

amp = ampicillin chl = chloramphenicol 
ery = erythromycin o/p = ormetoprim/sulfadimethoxine 
otc = oxytetracycline 

Table 11: Susceptibility of Vibrio spp. to antibiotics as 
determined by MIC agar dilution technique from frozen and 
previously frozen shrimp imported from Mexico. 

Percent strains sensitive at concentration (ug/ml) 
Antibiotic 0.5 1 2 4 8 16 32 64 128 >128 

amp 5.4 5.4 1.8 0.0 0.0 0.0 3.6 1.8 1.8 80.4 

chl 5.4 49.1 25.5 5.4 3.6 5.4 3.6 1.8 0.0 0.0 

ery 3.6 3.6 3.6 8.9 44.6 23.2 0.0 1.8 0.0 10.7 

o/p 23.2 23.2 12.5 16.1 5.4 3.6 7.1 3.6 3.6 0.0 

otc 3.6 16.1 37.5 10.7 17.9 1.8 1.8 0.0 0.0 10.7 

amp = ampicillin chl = chloramphenicol 
ery = erythromycin o/p = ormetoprim/sulfadimethoxine 
otc = oxytetracycline 
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Table 12: Percent of frozen and previously frozen shrimp 
imported from China, Ecuador, or Mexico positive for 
antibiotic resistant Vibrio spp. isolation. 

Soecies amp chl erv < o/p otc 

All Vibrio spp. 83.7 6.1 79.4 9.5 17.2 

V. parahaemolyticus 82.6 4.4 82.6 8.8 20.0 

V. alginolyticus 100.0 13.3 53.3 0.0 20.0 

V. vulnificus 69.3 0.0 69.3 7.7 7.7 

amp = ampicillin 
chl = chloramphenicol 
ery = erythromycin 
o/p = ormetoprim/sulfadimethoxine 
otc = Qxytetracycline 
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potential health risk to susceptible individuals. 

A greater proportion of V. alginolyticus strains were 

resistant to ampicillin (100%) and chloramphenicol (13.3%), 
4 

than V. parahaemolyticus (82.6 and 4.4%, respectively) or V. 

vulnificus (69.3 and 0%, respectively) (Figures 6-8, Tables 

13-15). A greater percentage of V. parahaemolyticus were 

resistant to erythromycin (82.6%) than V". alginolyticus 

(53.3%), or V. vulnificus (69.3%). Approximately 20% of the 

V. parahaemolyticus and V. alginolyticus isolates, and 7.7% 

of the V. vulnificus isolates were resistant to 

oxytetracycline. Only V. parahaemolyticus and V. vulnificus 

strains showed resistance to ormetoprim-sulfadimethoxine 

(8.8 and 7.7%, respectively). 

More than half (53.3 %) of the samples contained 

multiple antibiotic resistant Vibrio spp., and 30 % of these 

samples contained isolates resistant to three of more 

antibiotics (Table 16). One V. parahaemolyticus from a 

Mexico sample was resistant to all five antimicrobials. 

Multiple resistance was more often observed in samples from 

Mexico, followed by China samples, and was observed in only 

2 of 10 Ecuador samples. 

Antibiotic resistance frequency in Vibrio spp. was 

higher in this study for ampicillin, and much lower for 

tetracycline as compared to a study by Hada et al. (1984) 
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Table 13: Susceptibility of Vibrio parahaemolyticus strains 
to antibiotics as determined by MIC agar dilution technique 
from frozen and previously frozen shrimp imported from 
China, Ecuador, and Mexico. 

Percent strains sensitive at concentration (ug/ml) 
Antibiotic 0.5 1 2 4 8 16 32 64 128 >128 

amp 2.2 4.4 

o
 • 

o
 2.2 4.4 4.4 2.2 

o
 • 

o
 

o
 • 

o
 80.4 

chl 4.4 41.3 39.1 4.4 4.4 2.2 4.4 0.0 0.0 0.0 

ery 6.5 4.4 4.4 2.2 47.8 26.1 6.5 0.0 0.0 2.2 

o/p 10.9 21.7 28.3 19.6 8.7 2 . 2  4.4 4.4 0.0 0.0 

otc 6.5 4.4 23.9 17.4 28.3 2.2 2.2 0.0 2.2 13.0 

amp = ampicillin chl = chloramphenicol 
ery = erythromycin o/p = ormetoprim/sulfadimethoxine 
otc = oxytetracycline 

Table 14: Susceptibility of Vibrio alginolyticus strains to 
antibiotics as determined by MIC agar dilution technique 
from frozen and previously frozen shrimp imported from 
China, Ecuador, and Mexico. 

Percent strains sensitive at concentration (ug/ml) 
Antibiotic 0.5 1 2 4 8 16 32 64 128 >128 

amp 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100 

chl 0.0 66.7 13.3 0.0 6.7 0.0 0.0 13.3 0.0 0.0 

ery 0.0 0.0 6.7 33.3 40.0 0.0 0.0 0.0 13.3 0.0 

o/p 10.9 20.0 53.3 20.0 13.3 0.0 0.0 0.0 0.0 0.0 

otc 0.0 0.0 26.7 20.0 33.3 6.7 0.0 0.0 13.3 0.0 

amp = ampicillin chl = chloramphenicol 
ery = erythromycin o/p = ormetoprim/sulfadimethoxine 
otc = oxytetracycline 
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Table 15: Susceptibility of Vibrio vulnificus strains to 
antibiotics as determined by MIC agar dilution technique 
from frozen and previously frozen shrimp imported from 
China, Ecuador, and Mexico. 

Percent strains sensitive at concentration (ug/ml) 
Antibiotic 0.5 1 2 4 8 16 32 64 128 >128 

amp 30.8 

o
 • 

o
 0.0 0.0 0.0 0.0 15.4 7.7 0.0 46.2 

chl 0.0 76.9 7.7 15.4 0.0 0.0 0.0 0.0 0.0 0.0 

ery 7.7 7.7 0.0 15.4 53.9 7.7 0.0 7.7 0.0 0.0 

o/p 38.5 46.2 0.0 7.7 0.0 0.0 0.0 0.0 7.7 0.0 

otc 0.0 38.5 23.1 30.8 0.0 0.0 0.0 0.0 0.0 7.7 

amp = ampicillin chl = chloramphenicol 
ery = erythromycin o/p = ormetoprim/sulfadimethoxine 
otc = oxytetracycline 

Table 16: Percent samples with multiple antibiotic resistent 
Vibrio spp. (MARV) strains from frozen and previously frozen 
shrimp imported from China, Ecuador, and Mexico. 

% Samples with MARV China Ecuador Mexico Total 

Two Antibiotics 60.0 20.0 80.0 53.3 

Three or More 40.0 10.0 40.0 30.0 
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who found 32.9 and 44.9% of the Vibrio isolates resistant, 

but was consistent with the work of Molitoris et al. (1985), 

who observed ampicillin and tetracycline resistance in 67.3 
4 

and 5.7%, respectively, of V. parahaemolyticus strains, and 

97.4 and 11.4%, respectively, of V. alginolyticus strains. 

Joseph et al. (1978) found most of the 251 V. 

parahaemolyticus and V. alginolyticus isolates they studies 

were resistant to ampicillin but sensitive to tetracycline. 

With exception of a few isolates, resistance of Vibrio spp. 

in the present study to chloramphenicol and ormetoprim-

sulfadimethoxine was low. Other studies substantiate these 

results for chloramphenicol (Molitoris et al., 1985;Joseph 

et al., 1978), but no studies have been conducted evaluating 

the efficacy of ormetoprim-sulfadimethoxine against 

environmental strains of Vibrio spp. in shrimp products. 

An alarming trend in the data is the difference in 

percent strains resistant to the five antibiotics among the 

three countries. The majority of resistant strains were 

isolated from either China or Mexico samples. Based on the 

review of Brown (1989), and the work of Aoki et al. (1981) 

it seems likely that the antibiotic therapy currently 

utilized in China may select for strains which carry R-

plasmids. However, environmental pollution with sewage is 

considered one of the most serious problems facing shrimp 

culture in China, and is likely to be contributing R-
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plasmids into the genetic pool within shrimp culture 

facilities (Anon., 1990). In strains isolated from Mexico 

samples, the cause of the resistance is also likely to be a 
1 

result of pollution of fisheries and the exchange of genetic 

material between transient and indigenous bacteria. 

These results suggest that aquaculture production 

practices in Ecuador do not select for multiple resistant 

Vibrio spp., as strongly as practices and conditions in 

China and Mexico. 
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CHAPTER 6 

CONCLUSIONS 

4 

1. Comparison of aerobic plate counts for raw frozen 

(wholesale) and previously frozen (retail) shrimp revealed 

no statistical difference between four temperature/salinity 

regimes. A difference was observed between country of 

origin, and frozen versus previously frozen samples. 

Differences may be due, at least in part, to differences in 

the length of time postharvest prior to freezing, and to 

time and temperature abuse of shrimp during and after 

product thawing. 

2. Listeria spp. were isolated from 16.7 % of shrimp 

samples, and 4 of 5 were previously frozen retail samples. 

L. monocytogenes was present in 2 of 30 (6.7 %) samples, 

both retail. It was hypothesized that contamination 

probably occurred post-harvest. 

3. Vibrio spp. frequency was higher than in previously 

published studies, which may reflect more the method of 

detection and enumeration than variation from study to 

study. Furthermore, Vibrio spp. were isolated more often 

from shrimp originating from Mexico or China than from 

Ecuador. This again may reflect time elapsed prior to 



61 

freezing or differences in aquaculture production practices. 

The number of positive samples coupled with the isolation 

frequency of several pathogens indicates that the severity 

of Vibrio spp. contamination in shrimp products has been 

understated. 

4. Antibiotic resistance patterns of Vibrio spp. were 

similar to other studies, but results indicate that there 

may be differences among the countries of origin. These 

differences might be the result of many factors, but it was 

hypothesized here that it is the result of environmental 

pollution and overuse of antibiotic therapy in aquaculture 

facilities. 



APPENDIX A 

Compos i'tion of Standard Methods Agar 

Ingredients per liter 

Tryptone 5.0 g 

Yeast Extract 2.5 g 

Dextrose 1.0 g 

Agar 15.0 g 

Final pH 7.0 ± 0.2 at 25°C. 



APPENDIX B 

Composition of UVM Modified Listeria Enrichment Broth 

Ingredients per liter 

Pancreatic Digest of Casein 5.0 g 

Peptic Digest of Animal Tissue 5.0 g 

Beef Extract 5.0 g 

Yeast Extract 5.0 g 

Sodium Chloride 20.0 g 

Disodium Phosphate 9.6 g 

Monopotassium Phosphate 1.35 g 

Esculin 1.0 g 

Naladixic Acid 0.02 g 

Acriflavine 0.012 g 

Final pH 7.3 ± 0.2 at 25°C. 



APPENDIX C 

Composition of McBride Listeria Agar 

Ingredients per liter 

Pancreatic Digest of Casein 5. 0 g 

Peptic Digest of Animal Tissue 5. 0 g 

Beef Extract 3. 0 g 

Sodium Chloride 5. 0 g 

Lithium Chloride 0. 5 g 

B-Phenylethyl Alcohol 2. 5 g 

Glycine 10. 0 g 

Agar 15. 0 g 

Final pH 7.3 ± 0.2 at 25°C. 



APPENDIX D 

Composition of Listeria Selective Agar 

Ingredients per liter 

Pantone 10.0 g 

Bitone 10.0 g 

Tryptic Digest of Beef Heart 3.0 g 

Corn Starch 1.0 g 

Sodium Chloride 5.0 g 

Esculin 1.0 g 

Ferric Ammonium Citrate 0.5 g 

Lithium Chloride 15.0 g 

Cyclohexamide 400.0 mg 

Colistin sulphate 20.0 mg 

Acriflavine 5.0 mg 

Cefotetan 2.0 mg 

Fosfomycin 10.0 mg 

Final pH 7.0 ± 0.2 at 25°C. 
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APPENDIX E 

Composition of Tryptic Soy Agar with 0.6 % Yeast Extract 

Ingredients per liter 
4 

Pancreatic Digest of Casein 15.0 g 

Papaic Digest of Soybean Meal 5.0 g 

Sodium Chloride 5.0 g 

Yeast Extract 6.0 g 

Agar 15.0 g 

Final pH 7.3 ± 0.2 at 25°C. 



APPENDIX F 

Composition of Alkaline Peptone Water 

Ingredients per liter 

Peptone 10.0 g 

Sodium Chloride 10.0 g 

Final pH 8.4 to 8.6 at 25°C. 



APPENDIX G 

Composition of Thiosulfate-Citrate-Bile-Sucrose Agar 

Ingredients per liter 

Yeast Extract 5.0 g 

Proteose Peptone 10.0 g 

Sodium Citrate 10.0 g 

Sodium Thiosulfate 10.0 g 

Oxgall 8.0 g 

Saccharose 20.0 g 

Sodium Chloride 10.0 g 

Ferric Citrate 1.0 g 

Brom Thymol Blue 0.04 g 

Thymol Blue 0.04 g 

Agar 15.0 g 



APPENDIX H 

Composition of Mueller Hinton Agar 

Ingredients per liter 
4 

Beef Infusion 300.0 g 

Casamino Acids 17.5 g 

Starch 1.5 g 

Agar 17.0 g 

Final pH 7.3 ± 0.1 at 25°C. 



APPENDIX I 

Composition of Tryptic Soy Broth 

Ingredients per liter 

Pancreatic Digest of Casein 17.0 g 

Papaic Digest of Soybean Meal 3.0 g 

Dextrose 2.5 g 

Sodium Chloride 5.0 g 

Dipotassium Phosphate 2.5 g 

Final pH 7.3 ± 0.2 at 25°C. 
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