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This study is presented as a two part investigation to evaluate

the survival and growth of pathogenic vibrios in estuarine waters,

and to demonstrate the colonization of living oysters incubated in

waters contaminated with V. vulnificus.

V. cholerae, V. fluvialis and V. vulnificus were able to grow

and multiply in estuarine water solutions, exhibiting 100 to 1,000

fold increases in sterile estuarine water. Regrowth was repressed

in non-sterile estuarine water due to the presence of indigenous

microbes. The three species of Vibrio exhibited an optimum salinity

range of 6-10 0 /00, and growth occurred at temperatures of 15, 25

and 37°C, but was inhibited at 5°C.

V. vulnificus was able to colonize living oysters within

several hours after contaminating water with the pathogen. Storage

of contaminated oysters at 5°C enabled the Vibrio to survive in the



oyster tissue for up to twenty days. Several strains of V.

vulnificus increased in cell numbers during storage at this

temperature. All strains of V. vulnificus increased in cell

number in oyster tissue upon storage for three to five days at

25°C, attaining an average of 109 Vibrio cells per gram of oyster

tissue.
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Survival and Growth of Pathogenic Vibrios
in Estuarine Waters and Colonization of

the Pacific Oyster

Chapter I

Literature Review

The disease syndrome of cholera, caused by V. cholerae, has

been associated with man long before recorded medical history. In

recent years V. cholerae and other members of the Genus Vibrio have

been isolated and incriminated in clinical disease. These patho-

genic vibrios are becoming a serious public health concern;

clinicians are becoming increasingly aware of the dangers of this

group of bacteria.

The disease of cholera is no stranger to man, for centuries it

has been endemic in the Gangetic delta of lower Bengal. The malady

must have raged at times with extreme violence, for the inhabitants

of the area erected shrines and temples, and invoked ancient

religious rites to ward off the ravages of the disease.6° Eaily

descriptions of epidemic cholera are recorded by various Portuguese,

Dutch, French and British observers from 1498 to 1817, at which time

the first pandemic broke out.6°

In 1817 and six times thereafter up to 1900 the pandemics of

cholera have ravaged almost every part of the globe. The first two

pandemics could be traced both chronologically and geographically

directly outward from the area of the Ganges and Jumna Rivers in

India. The third through the sixth pandemics arose through the
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combined results of local recrudesces due to entrenchment of the

infection and repeated importations of the disease.6° Due mainly

to religious pilgrimages to Mecca, the disease never totally

disappeared from western Asia and Egypt. The global mortality

attributed to cholera during the rather short history of the six

pandemics, though impossible to determine accurately, must no doubt

be counted in millions of lives lost.

The English in 1854 were the first to discover that contaminated

drinking water played a major role in the spread of cholera. Through

the use of adequate water supplies and other control measures, they

were able to vastly limit the disease in that country in the fifth

and sixth pandemics.
60

Koch was able to prove that cholera was the

result of a specific gastro-intestinal infection. He discovered and

described the organism Vibrio cholerae in 1883, and confirmed the

contagion theory.
52

In the course of the six pandemics, cholera has succeeded in

ravishing almost every part of the globe. The only areas the

organism did not penetrate have been the northernmost and southern-

most parts of the globe, areas like the Scandinavian countries,

Chili and Argentina. The existence of the extreme winters in these

regions can not be ignored as the probable reason for their escape

from the pandemics. Indeed, Pollitzer noted that temperature is a

critical factor affecting the spread of the pandemics.
60

Cold

temperature impedes the spread of the disease, and severe winters

eliminate epidemics from an area. These observations become par-

ticularly interesting when discussing the current status of Vibrio

ecology.



3

Several early workers have attempted to describe a long term

periodicity of major epidemics, particularly in endemic areas, where

epidemics recur every 6-12 yrs. In the 1870's Koch felt convinced

that the periodicity was due to development of immunity in people

who had survived attacks of the disease.
60

Indeed, cholera takes

its heaviest toll in endemic areas among the young who have never

been exposed to the disease.
8

The establishment of immunity,

particularly in relation to subclinical infections, may have aided

in the decline of the pandemic nature of cholera. One of the most

important modern factors in the decline of the pandemics would have

to be the development of knowledge and understanding of the disease.

Proper care of infected patients along with adequate sanitation

and general advances in medical knowledge greatly reduced the

mortality associated with the disease.

Despite the effort of increased sanitation and public health

knowledge of clean drinking water and uncontaminated food sources,

the seventh pandemic of cholera began in 1961. This pandemic differs

from the previous pandemics in that the causitive agent is Vibrio

cholerae serotype 0 group 1 (0-1), biotype El Tor. The sixth and

possibly fifth pandemic were caused by Vibrio cholerae serotype 0-1,

of the classical biotype. The El Tor was first isolated by

Gutschlich in 1905 from cadavers of pilgrims returning from Mecca

to the quarantine camp at El Tor, Egypt.
52

Since the late 1960's, the El Tor vibrios have replaced the

classical vibrios as the agent of endemic cholera in West and East

Bengal.
52 The disease has been followed into the developing nations
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in the past decade and by 1971 epidemics have occurred in the

Philippines, the Middle East, North, East and West Africa. It was

considered unlikely that the disease would become established in

the developed countries. Unfortunately this is not so since out-

breaks have been observed in the U.S.S.R., Israel, Italy and

Portugal; in many of these cases seafood was incriminated in the

outbreaks. Spain recently experienced an outbreak of cholera, from

July to November 1979, where 267 cases of cholera were reported in

8 Spanish provences. Fish was considered to be the major vehicle

of infection.
82

In Italy in 1973 a cholera epidemic resulted in

25 deaths and 278 bacterial confirmed cases. The suspected vehicle

of transmission was raw seafood, specifically mussels.
3

Blake and

co-authors described cholera in Portugal during 1974.9 There were

2,467 bacteriologically confirmed cases in which 48 deaths occurred.

V. cholerae 0-1, El Tor was isolated from 42% of the shellfish

samples tested.

Even before the current pandemic, seafood was considered a

major source of infection for V. cholerae. Pollitzer described

several outbreaks in Japan directly tracable to consumption of

seafood as early as 1877.
60

The consumption of small fish and

crayfish were responsible for the appearance of cholera in the

Philippines in 1916.60 The hilsa and other fish may play a role

in the transmission of cholera in endemic areas of India.

Until recently, no domestically acquired cases of cholera have

been reported in the United States since 1911. In August of 1973,

an isolated case of cholera was reported in Port Lavaca, Texas on
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the Gulf Coast.
78

No source of infection was found, but the

individual had consumed raw oysters previous to the infection.

In 1977 a similar case occurred in Alabama in an individual who

frequently consumed large quantities of raw oysters.
11

In August

and September of 1978 V. cholerae 0-1, El Tor was isolated from the

stools of eleven individuals, eight of whom exhibited symptomatic

infections of gastroenteritis and three asymptomatic infections.
10

A correlation was noted between infected individuals and the con-

sumption of boiled and steamed crabs. V. cholerae 0-1, Inaba was

isolated from leftover boiled crab. In a follow up epidemiological

study V. cholerae 0-1, Inaba was isolated from raw shrimp caught in

the area. Then, in November 1980, a Florida woman experienced a

sudden onset of explosive diarrhea. V. cholerae 0-1 Inaba, El Tor

was isolated from her stool. The woman had eaten approximately six

dozen raw oysters over a four day period, several days before onset

of the symptoms.
58

In May and June 1981 two more cases of V.

cholerae 0-1, El Tor infections occurred in Texas, and one case

proved fatal. Both patients had eaten seafood caught in the local

bayous.
47

The reported incidence of cholera is on the rise, undoubtedly

aided by the increased vigilance by physicians and epidemiologists

searching for the disease. The actual number of cases per year is

difficult to determine since cholera is a gastrointestinal disorder

and many patients attribute the symptoms to something they ate and

do not seek medical attention. The existence of asymptomatic cases

have also been cited.
20 The associations of clinical infections
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with the coastal environment and consumption of seafood is

remarkable. This relationship is now becoming intensely studied.

In describing the epidemics of cholera, the causitive agent

was V. cholera 0-1 serotype Inaba, biotype El Tor. The

designation 0-Group I identifies a specific somatic antigen on the

bacterium. This antigen distinguishes the epidemic V. cholerae

from other biochemically identical V. cholerae organisms, sometimes

referred to as nonagglutinable vibrios (NAG) or by the misnomer,

non-cholera vibrios (NCV). This group of vibrios exclude Vibrio

parahaemolyticus, Vibrio alginolyticus and other halophilic Vibrio

species which are biochemically distinct from V. cholerae 0-1 and

nonagglutinable vibrios (NAG). Proteases and alkaline phosphatases

obtained from V. cholerae 0-1 and V. cholerae non 0-1, are

serologically identical; the two species also share the same H

antigens.
38 Some strains of NAG vibrios even produce an entero-

toxin that is antigenically similar to the V. cholerae 0-1 entero-

toxin; this NAG Vibrio enterotoxin is thought to cause the diarrhea

that frequently results from an intestinal infection by NAG vibrios.79

These vibrios can cause illness indistinguishable from classical

cholera.

In September 1980 twenty-four patrons of a restaurant in

Venice became ill with gastroenteritis and strains of NAG vibrios

were subsequently isolated from stools of several patients. Only

one patient required hospitalization and as with most NAG intestinal

infections, all recovered completely. An interesting fact is that

19 of 24 patients had eaten raw oysters.
59 Other cases of both
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food-borne and water-borne outbreaks of V. cholerae non 0-1 have

been reported by J. M. Huges, et al.
38

and McEwan and Leong.
54

The

CDC has noted that approximately 20 isolates of non 0-1 V. cholerae

are isolated each year from persons in the United States. Reports

indicate that all patients with positive stool cultures gave a

history of having eaten raw oysters within 72 hours of having

symptoms.47

V. cholerae 0-1 generally does not cause infection outside the

gastro-intestinal and biliary tracts; this is not the case with the

NAG vibrios. The spectrum of illness caused by these organisms is

considerably broader. NAG vibrios have been isolated from wound

infections, peritoneal fluid, middle ear infections, and have caused

septicemia and meningoencephalitis.20 One of the first cases

reported of a septicemia and central nervous system infection

occurred in 1973 in North Carolina. The infection was contracted

by exposing wounds (insect bites) to river water; the insuing NAG

infection proved fatal.
24

Hughes et al. have noted that eight of

nine patients with extra-intestinal infections of NAG vibrios

acquired their infection in coastal states and at least 3, maybe 5

cases had direct contact with salt water shortly before they became

111.
38

Four of the nine cases proved fatal, though the presence

of a significant underlying disease was associated with the fatal

outcome. This contact with seawater appears to be a common

epidemiological feature of extraintestinal NAG infections. There

seems little doubt that the NAG vibrios are of public health

significance, particularly in association with seafood and seawater
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contact. It is imperative to clearly differentiate and understand

the differences between V. cholerae 0-1 and V. cholerae non 0-1

infections due to the epidemic nature of the former and the

apparent invasiveness of the latter.

In addition to the biochemically identical agglutinable and

non-agglutinable V. cholerae, there are other pathogenic Vibrio

species which are taxonomically distinct from V. cholerae. One

such group is Vibrio fluvialis, the so called "Group F vibrios".

Cholera vibrios are lysine decarboxylase positive and arginine

dihydrolase negative, while V. fluvialis is lysine negative and

generally arginine positive. V. fluvialis is generally more

resistant to the vibriostatic compound 0/129 (2,4 diamino 6,7

diisopropyl-pterdine) than V. cholerae. V. fluvialis has been

isolated from the diarrheal feces of patients in Bangladesh, Egypt,

India, Indonesia, Iran, Iraq, Jordan, Kenya, Arabia, Spain, Tanzania

and Tunisia.
50

So far the enteropathogenicity of these strains has

not been extensively studied.

V..parahaemolyticus is another pathogenic Vibrio species,

which is biochemically distinct from both V. cholerae and V.

fluvialis. The most characteristic difference being the ability

of the latter species to ferment sucrose and produce a yellow colony

on the selective medium, thiosulfate citrate bile salts sucrose agar

(TCBS). V. parahaemolyticus is unable to produce acid from sucrose,

consequently it produces a green or blue-green colony on TCBS. This

Vibrio is also able to grow at higher salt concentrations (7% and

10% NaCl) than either V. cholerae or V. fluvialis. V.
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parahaemolyticus is a marine vibrio, which is responsible for more

than 70% of the cases of food poisoning in Japan following ingestion

of seafood (fish and shellfish) contaminated with the Vibrio.4°

This organism has also been implicated in several U.S. outbreaks of

gastroenteritis; the first confirmed outbreak was a case of food

poisoning in Maryland in 1971.62 A food poisoning outbreak in

North Carolina in 1975 was also caused by V. parahaemolyticus, and

again the source of infection was raw oysters.
4

As with V. cholerae

0-1 and V. fluvialis, V. parahaemolyticus infection is generally

limited to the gastrointestinal tract. Though the gastroenteritis

can be severe at times, it is usually not life threatening. Barker

has investigated over a dozen epidemics of gastroenteritis in the

U.S. due to V. parahaemolyticus, and shellfish have been implicated

in each. In all of these outbreaks there was no evidence of tissue

invasion by the Vibrio.4

Another pathogenic Vibrio species which closely resembles

V. parahaemolyticus is Vibrio vulnificus, the so called "lactose

positive" Vibrio. In fact several septicemia and wound infections

which occurred in the early 1970's were originally reported to be

caused by V. parahaemolyticus, but were actually caused by V.

vulnificus. As with V. parahaemolyticus, V. vulnificus does not

produce acid from sucrose, thus colonies on TCBS agar are green to

blue-green. V. vulnificus is differentiated from V. parahaemol-

yticus by the ability of the former species to ferment lactose,

and its lower tolerance to NaCl.



10

The recently designated species, V. vulnificus has had a

stormy taxonomic history. In the early literature it was identified

as Beneckea vulnifica and also a subspecies or variant of V.

parahaemolyticus or simply as a halophilic Vibrio species. V.

vulnificus is distinct from V. parahaemolyticus, V. fluvialis and

classical V. cholerae 0-1 in that V. vulnificus causes extra

intestinal infections. One of the first documented cases of a non-

intestinal V. vulnificus infection comes in 1970 by Roland and

co-workers. His patient developed endotoxic shock due to a leg

infection and the causative agent was first incorrectly described

as V. parahaemolyticus.
63

Previous to the infection the patient

had been wading in sea water. Zide et al. reported a case of

fulminating septicemia apparently due to a strain of V. parahaemol-

yticus, but later it was actually shown to be V. vulnificus.80

Thorsteinsson and co-workers reported 3 "non-cholera vibrio"

infections, two of which were due to V. vulnificus.
72

Fernandez

and Pankey discussed tissue invasion by unnamed marine vibrios.
25

They described three cases of tissue invasion, two of which appeared

by biochemical reactions to be caused by V. vulnificus.

Weaver and Ehrenkranz discussed the taxonomic differences

between V. parahaemolyticus, V. vulnificus and yet still another

potential Vibrio pathogen, V. alginolyticus.
77

These authors

believed that V. vulnificus should be regarded as a subspecies of

V. parahaemolyticus or possibly as a distinct species and they

agreed with the speculation of Zide et al. that this may be an

uncommonly virulent microorganism. Hollis et al. at the Centers
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for Disease Control have studied halophilic Vibrio species isolated

from blood cultures and described 38 clinical infections caused by

V. vulnificus.
32

Twenty of the 38 cultures were isolated from

blood and two from spinal fluid, indicating their potential for

producing serious systemic infections. Only 1 of 42 clinical

cultures of V. alginolyticus was isolated from blood and only 1 of

18 V. parahaemolyticus from extra-intestinal sources was isolated

from blood. These two species do not have the invasive potential

of V. vulnificus; the majority of V. alginolyticus infections are

limited to local skin lesions, while V. parahaemolyticus infections

are gastro-intestinal or local skin lesions.

Blake et al. have analyzed 39 cases of V. vulnificus infections,

and have found that they can be divided into two groups, systemic

infections and a primary focus of infection in a wound or ulcer.
7

Twenty-four cases began with abrupt onset of systemic symptoms

without an apparent primary focus of infection and frequently

developed secondary cutaneous lesions and acute inflammatory changes.

In ten of the systemic infections, V. vulnificus were isolated from

lesions, and in 20 cases the organism was isolated from the blood.

Only one of the 24 cases did not have a pre-existing hepatic disease,

alcohol abuse, or a related syndrom. Eleven of the 24 patients died

within two weeks after onset of disease. Where data was available,

19 out of 19 patients often ate raw oysters, and 6 patients had eaten

raw oysters within 16 hrs of onset of disease.

The second group of 15 cases began with an overt primary focus

of infection in a pre-existing wound or ulcer. In 12 cases, fever
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began after onset of wound infection and only 3 patients had posi-

tive blood cultures. Only one case was fatal, and that person had

pre-existing leukemia. Twelve out of 15 cases with primary wound

infections had previous contact with sea water. Apparently healthy

people became ill after exposure of a wound to sea water; although

some progressed to septicemia, recovery was complete with only one

exception.

In the first group, primary septicemia occurred in persons with

no initial focus of infection, who apparently became infected by

eating raw seafood. These illnesses occurred almost exclusively in

persons with underlying disease (especially hepatic disease), and

almost half died. Blake et al. notes that the apparent association

between septicemia through the gut and underlying chronic hepatic

disease has been reported in the past, particularly with systemic

Yersinia infections.
7

They suggest that hepatic disease predisposes

one to septicemia because the organisms which pass through the

mucosa and into the portal system are less likely to be killed by

the hepatic reticuloendothelial cells. In addition, bacteria may

bypass the liver entirely if the liver disease is severe enough to

cause shunting from the portal system. Also complement components

which aid in battling infections as chemotactic and opsonic

factors are often decreased in hapatic disease. So it is seen

that V. vulnificus is unique in its pathogenicity in that it

causes severe, life-threatening, systemic infections following

consumption of raw seafood.
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The data on case histories reveal that V. vulnificus appears

to be the most highly invasive of the pathogenic vibrios. No other

Vibrio is able to cause systemic disease following ingestion. In

fact non 0-1 V. cholerae appears to be the only other Vibrio to

cause systemic illness, but invasion of the blood stream occurs

through infection of pre-existing wounds (or possibly through the

lungs).

V. parahaemolyticus and V. alginolyticus have only been

associated with relatively benign extra-intestinal disease. Blake

et al. note that V. alginolyticus has been isolated from infected

wounds or ears of 15 persons. However, none of the patients had

a life-threatening illness, and none had positive blood cultures.7

V. parahaemolyticus has been isolated from wounds and other

cutaneous lesions, but again no systemic infections have been

reported. The majority of infections caused by pathogenic vibrios

are intestinal illnesses. Non 0-1 V. cholerae V. fluvialis, and

V. parahaemolyticus all cause gastroenteritis of varying severity.

There is doubt as to whether V. vulnificus will cause limited

gastroenteritis in man, but there is little doubt of its ability

to cause systemic illness.

The pathogenicity of intestinal infections of pathogenic

vibrios have been more extensively studied, particularly Vibrio

cholerae 0-1. Infection by V. cholerae 0-1, the classical cholera

syndrome, or cholera gravis is characterized by voluminous fluid

loss from the small intestine, up to 23 liters in seven days in

severe cases. Rates of 1.2 liters of diarrhea per hour for eight
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hours have been reported.
12

Complete dehydration with vascular

collapse and death within 24 hours have also been reported.
60

With fluid and electrolite replacement and antibiotic therapy,

recovery is usually very good. Mild and even asymptomatic cases

far outnumber the severe form of the disease. Frequently quoted

ratios are on the order of 10:1 mild to severe, for V. cholerae

0-1 of the classical type, and 25-100:1 mild to severe for the

El Tor biotype.
52

The diarrhea is known to be caused entirely

by an enterotoxin, but the critical events which promote a

successful infection are relatively ill defined.

Critical events in pathogenesis must include first of all

ingestion of the cholera vibrios with contaminated water or food.

The organisms must then circumvent the defensive tactics of the

host, inhibitory action of saliva, and severe acidic gastric

environment, clearance by peristalsis and mucus flow and other

antibacterial mechanisms of the intestine (antibodies, etc.). For

all of the enteric pathogenic vibrios, these defense mechanisms

must be overcome and viable bacteria must enter into the small

bowel. Overcoming the acidic environment of the stomach is a major

critical step, and plays an important role in determining the

infective dose of pathogenic vibrios. Cash et al. studying the.

response of man to V. cholerae has shown that 108 bacteria are

needed for 50% of the volunteers to contract cholera.
12

If the

stomach acid is neutralized with bicarbonate prior to administration

of the vibrios the infective dose is lowered approximately four

logs for 50% infection. Nalin and workers have shown that V.
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cholerae will readily adhere to chitin (a major component of crabs

and other seafood), and postulated that this adsorption protects the

bacterium from acidic environments, and thus also plays a role in

reducing the infective dose.56

Once the vibrios survive and pass through the hostile environ-

ment of the stomach, they must be capable of multiplying in the

small intestine and, in the case of the toxigenic strains, they must

be able to produce toxin. Srivastava et al. have shown that

multiplication per se is not needed for toxin production.69 If

there is a sufficient number of cholera vibrios in the intestine

for the toxin producing events, then toxin will be produced. But

when the number of vibrios entering the small intestine is low,

then the ability to multiply and increase in number greatly enhances

the organisms ability for pathogensis. Penetration through the

mucous layer and adhesion to the epithelium may be mechanisms by

which the vibrios escape the intestinal cleansing brought about by

peristalsis. Many workers have stressed the importance of motility

and adherence to pathogenicity of V. cholerae.26 Srivastava et al.

have shown that non-motile mutant strains, and strains with no

capacity to adhere exhibit little or no pathogenicity in animal

models.
69

They showed good correlations between adherence and

pathogenicity, and adherence and release of toxin. Spira et al.

demonstrated that severity of intestinal illness parallels

successful adherence.
68

V. cholerae produces various mucinases, which along with

motility and chemotaxis, may play important roles in the penetration
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of the mucous layer. Other factors including extracellular enzymes

such as proteases and neuraminidase aide in the virulence of these

organisms. The latter enzyme would enable the vibrios to increase

the number of toxin receptors on intestinal cells, by hydrolyzing

oligosaialosylgangliosides [primarily Gm and GT1 (di and Tri-

sialosylgalactosyl-N-acetylgalactosaminyllactosyl ceramide)] to

26
GM1'

As mentioned before the severe secretory diarrhea of cholera

is caused by the enterotoxin. Passage of the cholera microorganism

through the mucous and adhesion to the epithelium would facilitate

exposure of the toxin to the receptor cells. The two major

serotypes of V. cholerae, Inaba and Ogawa, produce immunologically

identical toxin. The toxin consists of two types of non-covalently

linked subunits, termed the heavy (H or A) subunit and the light

(L or B) subunit. Each toxin molecule of 84,000 daltons consists

of one A subunit of 28,000 daltons and 5-6 B subunits of approxi-

mately 10,000 daltons each. The A subunit appears to be the

biologically active subunit and the aggregated B subunits are

involved with binding to the receptor cells of the epithelium. The

first event in the action of cholera toxin on the intestinal cells

is a rapid tight binding to the cell membrane. It is believed that

the aggregated B subunits bind to a specific receptor, the

monosialogylganglioside Gm1.
26

Studies by Holmgren and Svennerholm

indicate that at first there is a reversible binding of toxin, then

the toxin becomes irreversibly associated with the cell, probably

by penetration into the membrane.
34

The biological action of the
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toxin (subunit A) consists of the activation of the adenyl cyclase

system, converting ATP into cyclic-AMP. Studies have demonstrated

elevated levels of cyclic-AMP in the mucosa of the small bowel

during clinical as well as experimental cholera.
34

The effects of

the elevated C-AMP levels are such that the epithelum secretes large

amounts of water and chloride ions, with the inhibition of sodium

absorption. The resultant severe diarrhea, leads quickly to

dehydration and vascular collapse. The work of Holmgren also

indicates that, in addition to G
M1

and adenylcyclase, other cell

structures are involved in the activation process. Finkelstein has

identified a cytoplasmic factor which is essential for the

activation of the cyclase. The factor has been identified as

nicotinamide adenine dinucleotide (NAD).
26

V. cholerae non 0-1 has also been shown to produce a toxin

very similar to the enterotoxin of V. cholerae 0-1.
68

V.

parahaemolyticus has been shown tb produce enterotoxin but this

toxin is distinct from that of V. cholerae.
33

Infections with

toxigenic strains produce more severe illness in patients than

infections with non-toxigenic strains.68

V. vulnificus on the other hand has not been demonstrated to

produce enterotoxin at all, but as mentioned earlier, is a highly

virulent organism, capable of causing death via systemic infections.

With this organism, invasiveness seems to be a major pathogenic

mechanism. Poole and Oliver have documented that after subcutaneous

or intrapertoneal injections of mice, V. vulnificus could be

detected in the blood within 15 minutes.
61

Death resulted within
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3 to 6 hours, and all the mice that died were observed to have a

high density Vibrio bacteremia estimated at greater than 104 per

ml of blood. Death of the experimental animals seems to have been

caused by hypotension and fluid loss from the circulatory system;

these results corresponded well with the edema, invasiveness,

bacteremia and death reported in case histories. The pathology

and virulence mechanisms of V. vulnificus differ greatly from the

enteropathology of toxigenic strains. But there are also non-

toxigenic strains of V. cholerae 0-1, V. cholerae non 0-1, V.

parahaemolyticus, and V. fluvialis which none the less do cause

gastroenteritis.

The genus Vibrio as a whole is a large and poorly characterized

group of organisms which are abundant in the environment, especially

in surface and marine waters. As mentioned earlier, exposure to

sea water and/or consumption of raw seafood correlates highly with

infections of all pathogenic vibrios. This correlation indicates

that not only do we find the abundant, virtually ubiquitous,

saprophytic vibrios in the surface and marine waters, but also

within certain marine animals as well. This has prompted many

investigators to study the occurrence and distribution of the

various pathogenic vibrios in esturine environments. Colwell and

co-workers have isolated both V. cholerae 0-1, V. cholerae non 0-1

and V. parahaemolyticus from Chesapeake Bay estuaries.
19

Hood and

co-workers have also isolated V. cholerae 0-1, V. cholerae non 0-1,

V. vulnificus and V. parahaemolyticus from Florida estuaries.36

Epidemiological studies in Louisiana during the investigations of
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the 1978 outbreak of cholera also found V. cholera 0-1, and V.

cholerae non 0-1 in Louisiana estuaries.7 Kelly in an epidemiol-

ogical study following a fatal case of pneumonia and septicemia in

a drowning victim caused by V. vulnificus isolated this Vibrio

from 20 of 21 sites in swimming beaches, shellfish gathering areas

and fishing areas.
46

These vibrios have also been isolated from

estuaries on the Oregon coast.

Pathogenic vibrios can be isolated from any estuary in the U.S.

or abroad under the appropriate environmental parameters.

Desmarchelier and Reichelt recently confirmed V. cholerae in the

Australian environment.
21

Many researchers in the field now

postulate that V. cholerae and the other pathogens are autochthonous

species in estuarine waters. Being enteric pathogens, one could

assume there would be a correlation of cholera with fecal coliforms,

especially if cholera was introduced into the environment through

pollution. This correlation exists with other enteric pathogens

such as Salmonella but does not occur with the cholera vibrios. 8

Their ability to digest and adsorb to chitin and chitinous materials

supports the theory that the vibrios are indigenous to the estuary.
56

Some workers speculate that the cholera vibrios are involved in the

ecology and recycling of chitin containing skeletons of shellfish

and crustaceans. Clinical strains of V. cholerae 0-1, and V.

cholerae non 0-1, also exhibit this chitinase activity.
18

Workers

have also shown associations of Vibrio species with estuarine and

marine copepods. Preliminary results indicate that there might be

an association of V. cholerae with plankton.18 Colwell et al.



20

state that the phenetic, molecular genetic and ecological data

obtained to date in various laboratories support the conclusions

that V. cholerae is an indigenous component of the natural flora

of brackish water, estuaries and salt marshes of the coastal areas

of the temperate zone.
18

Some workers postulate that V. cholerae is not an active

participant in the ecology of the esturine environments, they simply

persist or survive in the environment. Several speculations have

been put forth to attempt to explain the persistant reservoir of

cholera vibrios. Long term carriers have been observed,
8
and they

could sporadicly reinfect the environment. Some cite the existance

of asymptomatic cases, believing in a diminished but continuous

transmission of the disease.
51

Rondle has put forth a somewhat

different hypothesis, suggesting that the source of cholera

infections might be effluent discharge from aircraft. He points

out the relationship between distribution of isolated outbreaks of

cholera and the major airline routes.
64

Colwell et al. reject this

theory stating that only wash basin effluents are discharged, not

sewage which is held in chemical tanks.
18

Cholera in the wash basin

effluent would be subjected to drying and ultra-violet irradiation,

and it is doubtful it could survive in sufficient numbers to be

detected in marine waters. The generation of a continuous cycle

in the marshes is speculated as another cause for long term

persistance. In this cycle, fecal contamination of marsh water

by infected persons, is followed by contamination of seafood by

the water, consumption of inadequately cooked or raw seafood,
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further human infections, and further fecal contamination. The

theory accepted by most workers is that the cholera vibrios are

able to grow, multiply and exist in the environment indefinitely

without human contamination.

The evidence that the pathogenic vibrios can be found in

estuarine water coupled with the case histories of patients con-

suming seafood prior to illness, have led several researchers to

investigate the possibility of isolating pathogenic vibrios from

live esturine seafood. Hood and co-workers have isolated V.

cholerae 0-1, V. cholerae non 0-1, and V. vulnificus from oysters

collected in the estuarine waters of Florida.
35

The area the

oysters were collected from had no prior evidence of sewage con-

tamination and fecal coliform counts were low. Twedt conducted an

extensive survey in which 790 samples of oysters were collected

from commercial shippers and packers. Fourteen percent of these

samples contained V. cholerae non 0-1 and 1 percent contained V.

cholerae 0-1.
73

In a Food and Drug Administration investigation

following the 1978 outbreak of cholera in Louisiana, samples of

blue crab contained numerous strains of V. cholerae non 0-1. Also

shrimp were examined and one sample produced a V. cholerae 0-1,

El Tor.
10

-Schlater has isolated V. cholerae non 0-1 from a goose,
65

and Bisgaard has isolated V. cholerae non 0-1 from ducks.6 They

warned of the possible dangers of infection from consuming poultry

and other animals that have contact with coastal waters and shell-

fish. It appears that fish and shellfish harvested from the

estuaries will contain these pathogens, and that consumption of the
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seafood will be a health hazard especially if consumed raw.

Research on the ecology of commercial seafood, grown and

harvested in the estuary environment have shown that the animals

are largely influenced by their immediate environment, especially

shellfish. Sugita et al. described the bacterial flora of

coastal bivalves. They have found the bacterial components of

sediment and sea water were similar to those of bivalves, and

suggested that the bacterial flora of bivalves are significantly

influenced by the environmental flora.71 Vasconcelos and Lee also

concluded that the composition of microbial flora in Pacific oysters

reflect the composition of the environmental flora.
75

Colwell and

Liston showed that the Pacific Oyster flora is influenced greatly

by external environments.
14

They also cited the ability of oysters

to concentrate bacteria from the water, by showing higher coliform

counts in the oyster than the surrounding water.

The ability of shellfish to become contaminated is the result

of the active feeding process by the animal. Toyama in the late

1920's stated that when oysters or clams are kept in cholera

polluted sea water, the vibrios rapidly enter the gastrointestinal

tract of the oysters.
60

Hood and Ness isolated V. cholerae 0-1 and

V. cholerae non 0-1 from oysters in Florida estuaries. They noted

that V. cholerae is isolated only from the digestive tract of the

oyster.
35

The shellfish non-selectively filter the bacteria from

the surrounding waters to use as a food source. This is the

mechanism by which the shellfish are influenced by the flora in

their feeding waters. The shellfish also play an active role in
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controlling the microbial population of their gut. Son and Fleet

placed oysters in sterile water for 3-4 days, and noted that the

oysters maintained a flora in excess of 10
4

cells per gram of

oyster.
67

Vasconcelos and Lee also noted that when oysters are

placed in ultraviolet sterilized sea water, the oysters still retain

a microbial flora including among others, Vibrio species.75

The pathogenic vibrios have also been isolated from fish,

shrimp, crabs, ducks and geese.
65,60,6,82

The mechanisms by which

these other marine associated animals become contaminated with

pathogenic vibrios has not been fully elucidated. Undoubtedly the

chitinase activity of V. cholerae plays a role in the contamination

of marine animals with chitanous exoskeletons. Preditory animals

such as ducks and geese, or any animal coming into contact with

estuary animals or seawater has the potential of becoming contam-

inated with the vibrios. Serious infections of V. vulnificus and

V. cholerae non 0-1 have resulted from exposure to estuary

water.
7,24,38

Epidemiological studies have implicated the consump-

tion of contaminated fish, shellfish and crabs as the direct cause

of infection.
4,7,24,52,53,78

The evidence points overwhelmingly

to the conclusion that food harvested from the estuarine environ-

ments where pathogenic vibrios have been shown to exist, can become

contaminated with the pathogens. Ingestion of the contaminated

food, especially when eaten raw (bivalves) could represent a very

serious health hazard to the consumer.

Examination of the environmental data for the isolation of

pathogenic vibrios from the estuarine environment reveals a
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distinct non-random distribution related to temperature and salinity.

Kaneko and Colwell described the incidence of V. parahaemolyticus

in the estuarine environment of Chesapeake Bay and found a correla-

tion exists with water temperature.
40

V. parahaemolyticus could

not be detected in the water column during the winter months. Once

the water temperature achieved 14°C the vibrios, which over-wintered

in the sediment, were released from the bottom communities and

proliferated as the temperature rose. Colwell et al. noted that

water temperature is also a critical factor in the isolation of V.

cholerae and other vibrios.
17

They observed that during winter

months when the water temperature is between 0-10°C no V. cholerae

non 0-1 were isolated. Hood noted that V. cholerae has been

isolated most frequently from estuary waters whose temperatures are

between 9.6°C and 37.0°C.
36

They suggested a possible seasonal

distribution in Florida estuarine water with highest concentrations

occurring during the months of August, September, October and

November.

Examination of epidemiological data from clinical infections

of pathogenic vibrios revealed that 85% of the V. vulnificus

infections began in the warm months of May to October.7 Blake

et al. also described 11 cases of V. cholerae infections all of

which occurred in September.
8

The Centers for Disease Control

noted that the U.S. cases of cholerae are consistant with previous

observations that cholerae in the temperate Northern Hemisphere

tends to occur during the late summer and early fall months.47 But

these facts must be interpreted with caution, since Hughes et al.
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described certain activities that appear to predispose humans to

pathogenic Vibrio infections.38 These factors include seafood

injestion, foreign travel, and occupational or recreational exposure

to salt water. Most of these activities, and particularly recrea-

tion, increase during the warm months.

The natural distribution of V. cholerae occurs in a distinct

pattern in response to salinity also. Hood and Ness document that

V. cholerae non 0-1 isolated from a Florida estuary were recovered

most frequently from areas with salinities of 6 o/oo to 30 o /oo.36

Colwell et al. have isolated V. cholerae non 0-1 from estuaries and

brackish waters in Chesapeake Bay in a salinity range of 1-3 0 /00

to 17 0/00.
19

Kaper et al. described a salinity range for isolating

V. cholerae in Chesapeake Bay of 4-17 o/oo.
42

Kelly in an environ-

mental study conducted around Galveston Island, Texas in July and

August 1979, isolated V. vulnificus in salinity ranging from 6.5 0 /00

to 19.6 0/00.
46

Kaneko and Colwell in discussing the ecology of

V. parahaemolyticus revealed that the waters of the Rhode River in

Chesapeake Bay from which V. parahaemolyticus was isolated varied

in salinity from a minimum of 4 o/oo to a maximum of 12 0/00.
40

It

appears the different species of Vibrio have adapted to specific

salinity ranges found in the estuarine environment.

Progress in understanding V. cholerae and other pathogenic

vibrios has made great strides in the last few years. But much

work still needs to be done. The genus Vibrio is poorly classified

and many species are identified simply as Vibrio spp. Continued

investigation into the identification, ecology and pathogenicity
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of the Genus Vibrio is imperative to ease the suffering and misery

caused by these pathogens.
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Chapter II

Introduction

The six pandemics of cholera from 1817 to the early 1900's

resulted in millions of lives lost and incalculable hardships and

economic losses throughout the world. Until recently the United

States has not experienced a domestically acquired case of cholera

since 1911. In 1973 a case of cholera was reported in Texas.78

In 1977 another case of cholera was reported in Alabama.
11

Then

in 1978 several cases of cholera were reported in Louisiana.
10

Epidemiological evidence incriminated seafood consumption as the

source of the infection.10

This sudden outbreak of cholera in the southern United States

spurred tremendous concern and activity by public health services

and other health institutions. As a result of this activity

V. cholerae has been isolated from waters on the east, west and

gulf coasts.
7,19,35,36,46

Other species of pathogenic Vibrio have

been isolated and identified.
4,7,16,46,51

Clinical cases of

Vibrio infections continue to be diagnosed and reported in the

United States.
10,32,38,46

It appears that Vibrio infections

correlate highly with the consumption of seafood (especially raw)

and/or contact of wounds with sea water.
8

'

10
'

46
Studies reveal the

presence of pathogenic vibrios in seafood harvested from coastal

waters.
35

'

74

Current concepts concerning the distribution of the pathogenic

vibrios postulate that they are autochonous to estuarine and
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brackish water environments.
16

'

19
The National Sea Grant has

sponsored research in Oregon, Louisiana, Florida and Maryland to

examine this problem and the implications the free living pathogenic

vibrios present to public health and the seafood industry. This

study is presented as part of the Oregon National Sea Grant project.

The research examined survival and growth of V.

cholerae, V. fluvialis and V. vulnificus in estuarine water

solutions, and evaluated effects of salinity and temperature upon

growth of the vibrios. In addition oysters were exposed to sea

water containing V. vulnificus to evaluate quantatively the kinetics

by which living oysters take up the Vibrio. Also, the survival

of the pathogen was monitored during storage of oysters under

conditions which mimic commercial handling, shipping and retail

sales.

This research and the National Sea Grant sponsored projects

in other states will enable us to more fully understand the ecology

of the vibrios. Through the increasing awareness of the microbes

will come a more complete understanding of the hazards they present

to public health and the seafood industry.
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Abstract

Research was conducted to further evaluate current concepts

which suggest that pathogenic vibrios survive and multiply as part

of the indigenous flora of estuarine waters. This study demonstrated

the ability of V. cholerae, V. fluvialis and V. vulnificus to

multiply and grow in estuarine water solutions exhibiting an optimum

salinity range of 6-10 0 /00. Each species of Vibrio increased cell

numbers 100 to 1,000 fold in sterile estuarine water solutions at

15°C. Regrowth was repressed in non-sterile estuarine water due to

the presence of indigenous microbes. Growth of these vibrios

occurred at temperatures of 15, 25 and 37°C, but growth was inhi-

bited at 5°C. All species of pathogenic Vibrio examined demon-

strated very similar responses and growth patterns.
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Introduction

Current concepts concerning the incidence and distribution of

V. cholerae and other pathogenic Vibrios postulate that they are

autocthonous to estuarine and brackish water environments.16'19

V. cholerae, V. fluvialis, and V. vulnificus have been isolated

from estuaries in Maryland, Florida, Louisiana, Texas and the Oregon

coast.
7

'

19
'

36
'

46
The data indicate that the distribution of the

pathogenic vibrios in the environment is governed by several

physical parameters including salinity and temperature.
19,36,42,46

Previous research examining the survival of pathogenic vibrios

in natural waters is very sparse and results differ substantially.

Early experiments were conducted on the survival of V. cholerae in

natural estuarine waters in the early 1900's. Survival periods of

81 to 285 days were recorded in sterilized sea water.
60

Survival

was significantly reduced in raw, non-sterilized sea water, to

1-47 days.
60

Fukuyoshi et al. described the survival of V. cholerae

in natural sea water and noted a rapid decline in viable numbers in

two days, but were still able to recover V. cholerae after one week

or more.
27

They estimated an 8 percent survival of the inoculum

after one week in aquaria at 22°C.

In 1981 Hood and Ness demonstrated the ability of V. cholerae

to grow in autoclaved sea water and sediment.
36

They concluded

growth was due to release of nutrients in the autoclave process and

a lack of competition from other microbes.

Low temperature appears to be another major physical parameter
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influencing the distribution of pathogenic vibrios in the environ-

ment.
17

'

36
This study will present additional information concerning

the ability of V. cholerae and other pathogenic vibrios to grow in

estuarine waters at several temperatures and salinities. The

results will further evaluate current concepts that V. cholerae and

other pathogenic vibrios are free living members of the indigenous

flora of estuarine and brackish water environments.
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Materials and Methods

The species of Vibrio used in the seawater regrowth experiments

were Vibrio cholerae 0-1, V. cholerae non 0-1, V. vulnificus and

V. fluvialis. Table 1 lists the strains used and the source of

isolation. Six strains of V. cholerae were used, three non 0-1

and three 0-1 strains; of the six strains, three are of clinical

origin and three are environmental isolates. Fourteen strains of

V. vulnificus were studied, eight strains were of environmental

origin and six were of clinical origin. Eight V. fluvialis strains

were used, four clinical and four environmental isolates.

The organisms were taken from slants of Libx agar (Bacto

yeast extract 1.2 g, trypticase 2.3 g, nacitiate 0.3 g, L-glutamate

0.3 g, NaNO3 0.05 g, FeSO4 0.005 g. Rila salts 38 g, distilled

water 1 )2) stored at 15°C. Cultures were streaked onto tryptic soy

agar with 0.5% added NaCl (TSA') and thiosulfate citrate bile salts

sucrose agar (TCBS-Oxoid), to check colony morphology and sucrose

reaction. After overnight incubation at 37°C, several colonies were

transferred from TSA' to tryptic soy broth with 0.5% NaC1 (TSB'),

and incubated at 25°C for 12-15 hours. The culture was centrifuged

at 6,000 rpm and washed with phosphate buffer solution (PBS-NaC1

7.2 g, Na2HPO4 1.48 g, KH2PO4 0.43 g, distilled water 1 Z). The

washing and centrifugation was repeated three times. The culture

was diluted with the aide of a Spectronic 20 to approximately 107

cells/ml.

The estuarine water used in the assay was collected from four
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stations, two at Yaquina Bay, Oregon and two at Tillamook Bay,

Oregon. Table 2 lists several parameters of the estuarine water

samples. The seawater was collected in large, sterile, plastic

Nalgene jugs and transported back to the laboratory within 1 to

3 hours. In order to minimize loss of the viable indigenous flora

and to minimize biochemical changes, the water was stored at 5°C

in ten gallon aquaria, the bottom of which was covered with

approximately 2.5 cm of sediment collected at the sampling site.

The tanks were aerated with Silent Giant brand aquaria pumps.

The estuarine water solutions were taken from the aquaria for

up to 4 weeks, after which time new water samples were collected.

The solutions were prepared in 125 ml Erlenmeyer flasks and modified

to give a range of salinities, with a final volume per flask of

40 mis. The appropriate amount of distilled water and or sea salt

solution (Rela) were added to the flasks, covered with aluminum

foil and autoclaved. The flasks were brought to 15°C and the

estuarine sea water was added in desired proportions to the flasks.

Flasks were inoculated with the washed cell suspensions, and

incubated staticaly at 15°C.

The assay was run in duplicate with one set of flasks con-

taining sterile solutions inoculated with only the test culture.

The estuarine seawater was sterilized by filtering through .22 pm

Millipore filters, steamed for 10 minutes and re-filtered through

a sterile .22 pm Millipore filter. This procedure effectively

sterilized the seawater without producing the black precipitate

which formed upon autoclaving. Estuarine water was taken directly
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from the aquaria at 5°C for the parallel study with indigenous flora.

The non-sterilized samples contained between 102-103 indigenous

bacteria per ml as determined by plate count on TSA' at 25°C, before

inoculation with the test organisms. The exact type of micro-

organisms present was not determined.

The sterilizing procedure reduced the total organic carbon

present by less than .010 mg of carbon per ml of sea water. The

total organic carbon (TOC) content of the water samples was

determined using a gravemetric persulfate oxidation procedure as

described by Katz, et al.
29,44

Table 3 lists several control

measurements of the TOC procedure showing almost 100% detection of

TOC from an added test carbohydrate. Briefly, this procedure

consists of adding the water sample to a flask containing potassium

persulfate, silver nitrate and sulfuric acid. The flask was placed

in an oven at 75°C for 1-2 hours. Persulfate oxidation of the

total organic carbon releases carbon dioxide. The CO2 is absorbed

by sodium hydroxide in an isolated center well. The carbon is

precipitated out with a barium chloride-ammonium chloride solution

to yield barium carbonate which is dried and weighed. The amount

of carbon recovered can be calculated from the amount of

precipitated barium carbonate. Determinations on the sea water

were performed in triplicate on 10 ml aliquots, averages were taken

and expressed as mg of TOC per ml of seawater.

The regrowth assay was set up with three salinity ranges for

both the sterile and non-sterile flasks. A low salinity of 0.75-

2.75 0 /00, a midrange salinity of 6.0-10.0 0 /00, and a high salinity
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range of 25.0-35.0 o/oo was used. The calculated salinity values

were checked with a Y.S.I. salinity meter, and the two values

agreed well. A control was included in each run which contained

only Rela sea salts and distilled water, at a salinity of 10.0 0 /00.

The salinity could not be adjusted precisely because of the

differing amounts of TOC content and salinity of the estuarine

water collected at Yaquina Bay and Tillamook Bays. Referring to

Table 2, the TOC initially present in the estuarine sea water varied

from 0.052 mg TOC/ml to 0.115 mg TOC/ml. TOC concentrations were

monitored and used to control the total available nutrients con-

tributed by the estuarine water. Therefore the TOC concentrations

dictated the proportion of estuarine water which could be added to

each flask. From 5 mis to 10 mis of estuarine water was added per

flask, keeping the amount of TOC at equal levels. For the low

salinity range the remaining volume of the experimental solutions

consisted of distilled water. Therefore, depending upon the amount

of estuarine water added and the initial salinity the estuarine

water, the final salinity of the experimental solutions for the low

salinity range varied from 0.75 o/oo to 2.7 0 /00. Similarly for

the high salinity range the remaining volume of liquid added to the

experimental flasks consisted of Rela sea salts for salinity

adjustments in the range of 25.0 o/oo to 35.0 o/oo. The Rela sea

salts solution contained a fairly high level of total organic

carbon (.050 mg TOC/ml). Consequently the high salinity range

(25.0-35.0 o/oo) contained a higher final TOC in the experimental

solutions than both the low and mid salinity ranges, as recorded in
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Table 2. This difference in TOC of the experimental solutions must

be kept in mind when considering the results of the regrowth of the

test vibrios in high salinity estuarine water.

Once the estuarine water solutions were prepared and brought

to appropriate temperature, the test Vibrio was inoculated into

the flasks. The flasks were swirled to distribute the organism,

and aliquots plated onto TSA' to obtain the initial cell numbers.

Initial cell densities ranged from 5 x 10
2

to 5 x 10
3
colony forming

units (CFU) per ml. Aliquots were also plated onto TCBS agar to

check sucrose reaction, colony morphology and to compare recovery of

the test Vibrio on a selective medium (TCBS) with a non-selective

medium (TSA'). Key biochemical tests were used to confirm the

identification of the inoculated organism. Viable counts were

performed 4 days (96 hrs) after the initial inoculation since control

experiments revealed that maximum counts could be expected at this

time. All aliquots were plated in triplicate onto TSA' and TCBS.
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Results

In the course of this study comparisons of the viable plate

count on TSA' and TCBS were performed to determine whether any

differences in recovery were detected on the two media. Plate

counts of the three species of Vibrio were conducted in parallel

on both TSA' and TCBS. Plating on each medium was performed in

triplicate, averaged and results are listed in Table 4. A student

T-test for paired observations was used to test for differences.
70

The statistical analysis indicated counts on TSA' were significantly

higher than on TCBS. Consequently all regrowth data presented in

Figures 2-8 were determined by viable plate counts made in triplicate

on TSA'.

Figure 1 depicts a growth curve of V. vulnificus OSU #195 in

the sterile estuarine seawater solution at a temperature of 15°C

and a salinity of 10 0 /00. The bacterium exhibits typical growth

curve kinetics with a lag period of about 12 hours, followed by a

more rapid growth period attaining maximum cell numbers after four

days. The cells begin to die off after 7 days. Similar growth

curves were obtained as well for the other species of Vibrio. All

species reached maximum cell numbers after four days at 15°C.

Consequently for other regrowth experiments, cell numbers were

determined initially for a baseline at time zero, and then after

four days incubation to determine if any growth had occurred.

These results demonstrate that V. vulnificus is able to increase

nearly 3 logs in the estuarine sea water solution. It also
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illustrates that the bacterium is able to increase nearly 1.5 logs

in the control Rela sea salts solution which apparently contains

some available nutrients. The control Rela sea salts solution

contains a salinity of 10 o/oo and a TOC of approximately .012 mg

per ml. Therefore when discussing growth in the sea water solutions

the amount of diluent added, particularly the Rela sea salts, must

be taken into consideration. Any growth of the test bacterium

should be compared to the controls to determine the contribution

of the natural estuarine water. As seen in Figure 1 the test

bacterium attained numbers 1-2 logs higher than the control and

this difference is attributed to the usable nutrients present in

the estuarine sea water.

To determine the influence of nutrient loads on the vibrios,

regrowth in undiluted estuarine water was compared with regrowth

in diluted estuarine water (diluted 1:4 with PBS) and diluted

controls. The TOC varied from .060 mg of TOC/ml for the undiluted

sea water, to .032 mg of TOC /ml for the 1:4 diluted sea water and

to .012 mg TOC for the diluted controls containing only Rela sea

salts and distilled water. The salinity was maintained at 10 0 /00

and temperature held at 15°C. After 4 days, V. vulnificus strain

#195 attained cell numbers of nearly 4 x 106 CFU/ml in the

undiluted estuarine water, approximately 4 x 105 CFU/ml in the 1:4

diluted estuarine water, and 4 x 10
4

CFU/ml in the diluted controls.

The results of V. vulnificus strain #195 were typical of those

obtained with other strains of the pathogenic vibrios where higher

cell densities were obtained with higher nutrient loads.
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The impact of temperature on regrowth was also monitored. The

results from V. fluvialis strain #66 are representative of the

results. Estuarine water from Tillamook (Table 2) was used and

salinity was maintained at 6.0 o/oo for the four temperatures (5°,

15°, 25° and 35°C). The higher temperatures shorten the amount of

time required to attain stationary phase. At 15°C the growth curve

for V. fluvialis #66 was very similar to that illustrated in

Figure 1, achieving 3 x 105 CFU/ml at stationary phase in 4 days.

At 25°C the stationary phase was achieved after 2 days with a cell

count of 2 x 10
5

CFU/ml. At 37°C only 24 hours was needed to reach

the level of 1.5 x 10
5
CFU/ml at stationary phase. The results

at 5°C are most interesting. V. fluvialis #66 did not exhibit any

growth at all at 6.0 o/oo. Consequently an assay was prepared with

salinities ranging from a low of 1.5 o/oo to a high of 35.0 0 /00.

Sterile and non-sterile estuarine water was used, and the assays

were run in parallel. The results of four strains tested are

presented as a histogram in Figure 2. Each of the four strains

exhibited die-off. The four strains of Vibrio were not able to

regrow in the estuarine sea water solution nor in the control at

5°C after 4 days of incubation. The natural indigenous organisms

in the non-sterile assay were able to increase 5-fold at 5.0 o/oo

and 10.0 o/oo after 4 days, and increase slightly at35.0 o/oo.

Both species of test Vibrio exhibited increased die off at the

higher salinities, both in the sterile and non-sterile assays. An

average of 2 logs decrease at 35.0 o/oo and an average of approx-

imately 0.5 log decrease at 5.0 o/oo was observed. Thus at 5°C
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neither species of pathogenic Vibrio could actively grow. V.

vulnificus and V. cholerae seem to be more sensitive to low

temperature at higher salinity concentrations.

The effect of salinity upon the growth of the pathogenic

Vibrio species was also conducted at the environmentally relevant

temperature of 15°C. Figures 3, 5 and 7 illustrate that for all

three species of Vibrio studied maximum growth occurred at the mid-

salinity range of 6-10 0 /00. In the axenic water samples strains

of V. fluvialis (Figure 3) exhibited on the average, 100-fold

increases in cell numbers at the mid-salinity range of 6-10 o/oo.

V. vulnificus demonstrated slightly better growth, 100-to 1,000 -

fold increases in cell numbers at this salinity (Figure 5). V.

cholerae on the other hand, exhibited slightly less growth at 6.0 -

10.0 0 /00, between 10-and 100-fold increases in cell number

(Figure 7). All three species also exhibited good growth at

25.0 o/oo. In the axenic samples each species achieved nearly a

100-fold increase in cell numbers. But as the salinity is increased

to 33.0 - 35.0 0 /00, regrowth of the Vibrio species is significantly

reduced. Several strains of each species were not able to

significantly increase cell numbers, indeed some strains actually

exhibited die off. Only 50% of the V. vulnificus strains tested

were able to regrow at salinities of 33.0 - 35.0 in sterile

estuarine water. Two out of six strains of V. fluvialis could not

significantly increase cell numbers. All four strains of V.

cholerae tested at the high salinities could not significantly

increase in cell numbers.
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Strains which exhibited regrowth at low salinities of 0.75 to

2.75 o/oo attained cell numbers significantly less than those at

the mid-salinity ranges of 6.0 - 10.0 o/oo. Of the twelve strains

of V. vulnificus tested, only seven exhibited significant growth,

and six of those did so at 2.5 0 /00. Only one of four regrew

significantly at 1.5 0 /00 or less. Only three of eight strains

of V. fluvialis tested were able to increase in cell numbers. Two

out of six strains of V. cholerae exhibited significant growth.

The pattern which emerges is that in axenic estuarine waters

maximum growth occurs in the mid-salinity ranges of 6.0 10.0 0 /00.

Every strain tested exhibited significant regrowth at these

salinities. When the salinity is raised to 33.0 35.0 o/oo or

lowered to 0.75 - 2.75 o/oo, fewer strains are able to significantly

regrow, and those strains which are able to regrow attain lower

cell numbers than at the optimum of 6.0 10.0 o/oo salinity.

Growth experiments were also conducted in non-sterile estuarine

water to determine the effects of competing microorganisms on the

pathogenic Vibrio species. Regrowth for all three species was

dramaticaly less in the non-sterile waters than in the sterile

water. Again the optimal salinity range for all three species was

between 6.0 10.0 0 /00. Each species exhibited some regrowth in

this range. V. cholerae demonstrated slight regrowth for three

out of six strains tested at 6.0 0 /00 (Figure 8). At both the

high salinities (25.0 - 35.0 o/oo) and the low salinities (0.75 -

1.5 o/oo) regrowth did not occur at all. This is in contrast to

the sterile waters in which regrowth occurred at all salinities.
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The numbers of indigenous microorganisms competing with the test

V. cholerae increased 100-fold on the average at all three salinity

ranges. V. vulnificus (Figure 6) also exhibited only slight

regrowth at the optimum salinities of 6.0 10.0 o/oo in the

presence of competitors and slight growth occurred also at 25.0 0 /00.

But at 33.0 - 35.0 o/oo and less than 2.7 o/oo no regrowth occurred

and all strains of V. vulnificus tested exhibited die off. The

indigenous flora on the other hand were able to increase in cell

numbers 50- to 100-fold. Several strains of V. fluvialis (Figure 4)

demonstrated significant regrowth at 6.0, 25.0 and 33.0 0 /00, in

the presence of competing natural flora. The natural flora

averaged 10- to 40-fold increases in cell number at the three

salinity ranges, while several strains of V. fluvialis also demon-

strated 10-fold increases. At the low salinities (0.75 - 2.7 o/oo)

however, all strains of V. fluvialis tested exhibited die off. The

presence of competing natural flora drastically reduced the growth

potential of the three species of pathogenic Vibrio at all three

salinity ranges.
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Discussion

The results of the regrowth experiments using estuarine water

demonstrate not only the ability of pathogenic Vibrios to survive

but also illustrates their ability to use indigenous nutrients

present in this water. With this assay system, under optimum

conditions the vibrios were able to increase their numbers by

nearly 3.0 logs in 4 days. At 15°C, the optimum salinity for

regrowth was between 6.0 and 10.0 0 /00. All three species exhibited

the same optimum salinity range, with each species averaging a 2.0

log increase in the sterile estuarine water in this salinity range.

At the higher salinities of 33.0 0 /00 - 35.0 o/oo, regrowth was

lower. In the sterile estuarine waters, half of the V. vulnificus

strains exhibited significant regrowth at the high salinities.

Greater than 60% of the V. fluvialis strains displayed significant

regrowth, while none of the four strains of V. cholerae was able to

demonstrate a 1.0 log increase.

Regrowth at low salinities of 0.75 2.7 o/oo was also sig-

nificantly reduced compared to the optimum salinity range in the

sterile estuarine waters. At 2.7 o/oo, 2 out of 8 strains of

V. vulnificus did not regrow, while 3 out of 4 strains could not

regrow at salinities of 1.5 o/oo or less. Similar results were

observed for V. fluvialis and V. cholerae, where more than half of

these strains were unable to significantly regrow at 2.7 0 /00 or

less in sterile estuarine waters.

The results reported in this study are consistant with
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observations made by Hood and Ness on the effects of salinity upon

the growth of V. cholerae in Tryptic Soy broth at 35°C.36 They

report that V. cholerae non 0-1 strains grew best at salinities of

10-25 0 /00, while V. cholerae 0-1 isolates grew best at 5 - 20 0 /00.

The one clinical V. cholerae 0-1 isolate tested by them exhibited

optimum growth in the range of 10 - 25 o/oo.

The salinity ranges in which the pathogenic vibrios have been

isolated from the estuarine environment compare well with the

optimal ranges measured from the laboratory regrowth assays.

Colwell et al. have isolated V. cholerae non 0-1 from estuaries in

Chesapeake Bay in a distinct salinity range of 1 - 3 o/oo to

17 0/00.
19

Kaper et al. described a salinity range for isolating

V. cholerae in Chesapeake Bay of 4 - 17 0/00.
42

In Florida

estuaries, V. cholerae non 0-1 were isolated from areas with

salinities of 6.0 o/oo to 30.0 0/00.
36

In Texas, Kelly isolated

V. vulnificus in waters with salinities of 6.5 o/oo to 19.6 0/00.
46

Kaneko and Colwell, in discussing the ecology of V. parahaemolyticus,

revealed that the waters of the Rhode River in Chesapeake Bay from

which V. parahaemolyticus was isolated varied in salinity from a

minimum of 4.0 o/oo to a maximum of 12.0 o/oo. The natural

distribution of V. cholerae, and the other pathogenic vibrios

correspond well with the experimental evidence involving the

influence of salinity on regrowth. It appears the different species

of Vibrio have adapted to specific salinity ranges found in the

estuarine environments.

The results of this research illustrate the influence of
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competing microorganisms on the regrowth of the pathogenic Vibrio

species. For each species tested, regrowth was much greater under

sterile conditions as opposed to non-sterile, natural conditions.

All three species were unable to grow in the low salinities in the

natural water, while in the sterile water each species exhibited

some regrowth. A similar phenomenon occurred at the high salinities.

V. cholerae and V. vulnificus did not regrow at all in the natural

water, but did show growth in the sterile water. V. fluvialis

displayed some growth at the high and mid salinities in non-sterile

water but growth was significantly less than in the sterile waters.

Several strains of V. cholerae and V. vulnificus were able to main-

tain their viable count and even exhibit slight regrowth at the

optimum salinity range, in the presence of competitors in natural

estuarine water.

Gelarie conducted a study in 1916 which supports the

observation that competitor will repress the growth of V. cholerae.6°

He stated that in sterilized ocean and bay water collected in New

York, V. cholerae was able to survive for up to 285 days. However,

in unsterilized bay water the Vibrio survived only 7 - 47 days and

survived only 7 days in unsterile ocean water. More recent studies

by Hood and Ness revealed similar observations.
36

They documented

very poor survival in non-sterile sediments and waters at 35°C and

25°C, for both V. cholerae 0-1 and V. cholerae non 0-1. In sterile

sediments the organisms were able to grow and maintain high numbers

at these temperatures. The organisms also exhibited growth in

sterile sea water. Hood and Ness autoclaved their test chambers
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containing the sediment and sea water to obtain sterile conditions.

This rather drastic process releases many organics from the sediments

for utilization by the vibrios. In the present study the estuarine

waters were sterilized using a steam-filter procedure. In this

manner the sterile estuarine waters in the experimental procedures

more closely simulated the natural environmental waters but removed

the competing microbial flora.

Several Vibrio strains were tested for growth in the estuarine

waters at 5°C. The results showed that all strains tested were

unable to grow at any of the salinity ranges at this temperature.

Similar results were observed for both the sterile and non-sterile

waters. At 5°C, each strain appeared to be more sensitive to the

higher salinity values, exhibiting increased die off with increasing

salinities. Oliver in his paper on the lethal, cold stress of V.

vulnificus noted that this species will grow in homogenated oyster

solutions-at 25°C but when the solution is chilled to 4.0°C it

becomes lethal for the Vibrio.
57

He attributed this low temperature

sensitivity to membrane damage. Indeed, he observed greater

sensitivity of V. vulnificus to a variety of compounds at low

temperature including sodium chloride. He noted that 30.0 o/oo

salinity was lethal for V. vulnificus at low temperatures. Ray

noted the sensitivity of V. parahaemolyticus to low temperatures.
62

Apparently the low temperature-induced membrane damage affects the

ability of vibrios to grow and survive in estuarine waters,

particularly at high salt concentrations.

No detailed study was undertaken in this report to determine
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the effects of higher temperatures on the survival or regrowth of

the pathogenic vibrios except to show that they are able to grow

in sterile estuarine waters at 15°C, 25°C and 35°C. The total

number of bacteria at stationary phase was fairly constant at the

three temperatures but this level of growth was achieved faster

at the higher temperatures. Additional data is needed before

specific conclusions can be drawn concerning the influence of

elevated temperatures on survival or regrowth of the pathogenic

vibrios although temperatures less than 5°C definitely inhibit their

growth.

Other factors may play equally important roles in the growth

and natural distribution of the pathogenic vibrios in the environ-

ment. Factors such as pH and the amount of nutrients greatly affect

microbial growth. Sea water has a fairly high buffering capacity

due to the carbonates, bicarbonates and borates present. The pH of

sea water is affected primarily by photosynthesis.
81

In the

estuarine sea water solutions prepared for the experiments, photo-

synthesis was not a factor. The final pH varied from 6.5 to 7.5

for each of the solutions, but the pH remained constant during each

experimental run over the 4 day study period. The pH fluctuation

was not considered to be a factor influencing the survival or

growth of vibrios. The inorganic and organic nutrients are usually

the most dominant factors influencing microbial growth even in the

natural environment. Nutrient levels were monitored using total

organic carbon measurements. The results revealed that the higher

salinity samples generally contained more nutrients, but apparently
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salinity influenced growth to a more significant degree than higher

TOC loads. The observations of this study indicate that the vibrios

respond as most microbial species. Increasing nutrient loads result

in higher microbial numbers, but the higher salinities modulated

this potential for regrowth.

There are no reports in the literature of survival studies

conducted in natural waters on the newly identified species of

V. vulnificus and V. fluvialis. In the results of this study, the

three species V. cholerae, V. vulnificus and V. fluvialis showed

very similar regrowth patterns, with only a few exceptions. For

example, V. cholerae appeared to be more tolerant of the lower

salinities in the sterile sea water. V. fluvialis appeared to be

more tolerant of higher salinities. There was also very little

difference in the regrowth patterns between the clinical and

environmental isolates of the three species. Both clinical and

environmental isolates were more sensitive to the lower and higher

salinities, and both were equally inhibited by competing natural

flora. There were one.or two exceptions to this observation.

For example, three clinical isolates of V. fluvialis were able to

grow at 6.0 o/oo but only 1 out of 3 environmental isolates could

grow. With V. vulnificus the opposite trend was observed since at

the low salinities, 6 out of 6 environmental isolates grew but

only 2 out of 6 of the clinical isolates show significant growth.

Other studies have also found great similarities between

clinical and environmental cultures. Desmarchelier and Reichelt

conducted an extensive phenotypic characterization of 56 clinical
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and 95 environmental isolates of both V. cholerae 0-1 and V.

cholerae non 0-1.
21

They concluded that all the isolates were

phenotypically indistinguishable. Kelly compared clinical and

environmental isolates of V. vulnificus from the Texas area.
46

His results showed that the clinical and environmental isolates

were biochemically identical, and demonstrated similar antibiotic

susceptibility patterns. Kaper et al. isolated 65 isolates of

V. cholerae non 0-1 from Chesapeake Bay, nearly 85% of which were

toxigenic in the Y-1 adrenal cell assay.42 Fifteen of twenty

isolates tested were toxigenic in the ligated rabbit ileal loop

assay. Spira et al. conducted extensive testing of virulence

characteristics for V. cholerae non 0-1 from both clinical and

environmental sources.
68

They used 6 virulence bioassay systems,

examining over 110 isolates. They noted several types of

biological activity: cholera-like toxin production, enteritis with

no toxin, and inactive strains. Sixty to seventy percent of the

clinical isolates had a response characterized by enteritis with

no toxin and sixty percent of the environmental isolates produce

an enteritis with no toxin response. The clinical isolates

contained a higher percentage of toxin producers, twenty-four

percent, while only fourteen percent of the environmental isolates

produced toxin.

The accumulating evidence in the literature supports the

hypothesis that vibrios potentially pathogenic for man are present

in the waters of the estuarine environments. The data presented

in this report suggests that these organisms are not simply
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survivors, but actually can grow in the environment and are a part

of the ecology of the estuary. Growth was demonstrated in the

experimental models, although it is limited in the presence of

competitors. The models might be lacking in certain important

nutrients or conditions that are present in the natural environ-

ment which can further stimulate Vibrio growth, such as chitin.

It appears there is an interplay of various parameters that

influence the growth of the pathogenic vibrios. The results of

this study indicate that mid-range salinities, low microbial

activity of competitors and moderate temperatures are conducive

to growth of the vibrios. Their isolation from the environment

tends to indicate that the pathogenic vibrios will be isolated from

similar habitats, especially with regard to the parameters of

temperature and salinity. The experimental data obtained in this

report demonstrated very similar responses by the three species

tested, indicative of species sharing a similar habitat. The

results of this research on the growth and survival of pathogenic

vibrios in estuarine waters will act as a stepping stone for further

research on the ecology of these pathogens in estuarine environments.



Table 1. Source and origin of pathogenic Vibrio strains used in regrowth experiments in natural
estuarine water.

OSU
Origina Reference Number Strain

Vibrio cholerae strains

Source

C 7 Inaba 0-1 Centers for Disease Control
E 61 WA-0-004, non 0-1 Water column, Yaquina Bay, Oregon
E 111 WA-0-28, non 0-1 Surface water, Tillamook Bay, Oregon
C 266 5698, 0-1 ATCC
E 427 SG-N-7277, Inaba 0-1 Sewer Plant, Lake Charles, Louisiana
C 428 N-2002H, non 0-1 Stool isolate

Vibrio fluvialis strains

E 23 2386 River water, United Kingdom
E 28 H-5 Chesapeake Bay, Maryland
C 66 DJVP 7225 Human gastroenteritis, Jakarta, Indonesia
C 68 DJVP 6957 Human gastroenteritis, Ujung, Indonesia
C 69 DJVP 7147 Human gastroenteritis, Ujung Pandang, Indonesia
C 71 5125 Human feces
E 72 Sed 50 lcc Sediment in New York Blight
E 163 LSU 9-26a Crab feces, Louisiana



Table 1 (continued)

Origiona
OSU

Reference Number Strain Source

E

E

E

C

195
458
34

35

Vibrio vulnificus strains

C1-0-010
WA-0-018
A38
A8694

Clam, Tillamook, Oregon
Water, Yaquina Bay, Oregon
Dungeness crab intestine, Oregon
Human blood isolate, Florida

C 36 B51 Human blood and spinal fluid, Hawii
C 37 A6546 Human blood, Alabama
E 99 79-08-1 Seawater, Galveston, Texas
E 100 79-08-9 Seawater, Galveston, Texas
E 106 79-11-114 Seawater, Galveston, Texas
C 108 80-02-125 Human blood, fatal septicemia
E 151 LSU N-3M-30 Crab meat, Louisiana
E 153 LSU N-4F-39 Crab feces, Louisiana
C 219 27562 Human blood, Florida
C 220 A1402 Human blood, Florida



Table 2. Source and characteristics of estuarine water used for regrowth experiments. Water was
collected at four different sampling periods betWeen 12/80 and 7/81, from Oregon estuaries.
Salinity was adjusted to give a low, medium and high range to test salinity effects upon the
growth of pathogenic vibrios. Total organic carbon measurements were used to monitor
nutrient levels of the estuarine water.

Source
of

Sample

Date
of

Collection

Temperature
of water
sample
(°C)

Total organic
carbon content
of water sample
mg of carbon

per liter of water

Salinity
of

sample
o/oo

Adjustedl
Salinity used

in

Experiments
o/oo

1 11141 Undl

organic carbon
of Adjusted
salinities

mg of carbon
leter of water

Figures

Experiments
using water

sample

Tillamook
Bay

12/80 14.0 52 6.0
0.75
6.0
35.0

32

29
55

Figs.

3,4,5,6,
7,8

Tillamook
Bay

3/81 12.0 94 6.0
1.5

6.0
25.0

24

28
45

Figs.

2,3,4,5,
6,7,8

Yaquina
Bay

5/81 18.5 115 11.0
1.4
6.0

35.0

27

31

57

Figs.

3,4,6,7,8

Yaquina
Bay

7/81 17.0 60 11.0
2.75
10.0
33.0

26

32

52

Figs.

1,3,4,5,6

1

Salinity was adjusted by adding appropriate amounts of distilled water (14 mg T.O.C.) and/or Bela Sea
Salts (50 mg T.O.C.)
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Table 3. Standardization values for Total organic carbon analysis
of water samples used for studying kinetics of regrowth
of pathogenic Vibrio species. Carbohydrates were dissolved
in distilled water and analyzed using the persulfate oxi-
dation procedure.

Compound
mg of

carbon added
mg of

carbon detected % recovery

sucrose 2.25 2.43 108
fructose 2.56 1.62 63
mannitol 2.30 2.30 100
surose 2.53 2.85 113
fructose 2.60 2.78 107
mannitol 2.45 2.13 87
L-glutamic acid 2.52 2.50 99
mannose 3.04 3.00 99
galactose 2.98 3.10 104
distilled water . 0.0 0.01
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Table 4. Comparison of viable plate counts on tryptic soy agar with
0.5% NaC1 (TSA') and thiosulfate-citrate bile salts sucrose
agar (TCBS) for the three species of Vibrio to demonstrate
the differences in recovery of the vibrios on the two
media. Each species was suspended in a seawater solution
at 10 o/oo salinity and plated in triplicate onto the
media. A Students T-test for paired observations demon-
strated a significant difference,An recovery of the
vibrios on the selective medium.''

viable count
on TCBS

viable count
on TSA'

75 102
103 130
96 118
70 95

87 129
72 129
93 134
17 140

110 150
50 120
46 70
60 150
37 125
55 130

198 244
178 196
176 252
156 185

194 260
182 209
176 219
30 40
45 45

60 100
40 50

55 65

45 60
35 60
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Figure 1. Growth curves of V. vulnificus strain #195 in sterile
estuarine water (curve A) and in sterile Rela salts
(curve B). Salinity was 10 o/oo and the incubation
temperature was 15°C. Generation times during
exponential growth were about 0.5 hours in estuarine
sea water and 0.6 hours in Rela salts.
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Figure 2. Die off of four strains of pathogenic Vibrio after
inoculation into estuarine water solutions held
statically at 5°C. Changes in cell numbers were
determined after 4 days static incubation. In section
A test strains were inoculated into sterile estuarine
water and in section B strains were inoculated into
natural estuarine water. Bar graphs below mid-line
denote die-off graphs above mid-line indicate regrowth.
The controls were incubated in sterile Rela sea salts
solutions. Viable counts of indigenous organisms are
shown for reference. Changes in cell numbers were
determined over the salinity range of 1.5 o/oo to
35.0 0 /00. Note that at the higher salinities there
were greater amounts of die-off.
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Figure 3. Regrowth of Vibrio fluvialis in Sterile estuarine sea
water incubated statically at 15°C. Test flasks were
inoculated with approximately 5 x 102 - 5 x 103 test
Vibrio per ml and change in cell numbers were determined
after 4 days of incubation. Water salinity was varied
from .75 o/oo to 35 0 /00. Maximum growth occurred in
the salinity range of 6.0 - 25.0 0 /00, and most strains
multiplied 100 to 1000 fold. Bar graphs below mid-
line denote die-off, graphs above mid-line indicate
regrowth. Controls were included which contained Rela
Sea Salts solution at a salinity of 10.0 0 /00. All

control values were averaged together and graphed as
one value.
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Figure 4. Regrowth of Vibrio fluvialis in natural estuarine sea
water incubated statically at 15°C. jest flasics were
inoculated with approximately 5 x 10 - 5 x 10 test
Vibrio per ml and changes in cell number were determined
after 4 days incubation. Estuarine water salinity was
varied from 0.75 o/oo to 35 0 /00. Average counts of
the indigenous flora was included at low (.75 - 2.7 o/oo),
med (6-10 o/oo) and high salinities (25 - 35 o/oo). Bar
graph below mid-line denote die-off, graphs above mid-
line indicate regrowth. Growth of the test strains
occurred only in the salinity range of 6.0 o/oo to
33.0 0 /00, where several strains achieved a 1.0 log
increase.
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Figure 5. Regrowth of Vibrio vulnificus in sterile estuarine sea
water incubated statically at 15°C. Jest flask; were
inoculated with approximately 5 x 10 to 5 x 10 test
Vibrio per ml and changes in cell number were determined
after 4 days incubation at 15°C. Water salinity was
varied from .75 o/oo to 35 0 /00. Bar graphs below mid-
line denotes die-off, while graphs above mid-line
indicate regrowth. Most strains were able to increase
in numbers 2 to 3 logs. Controls were included which
contained Rela sea salts solution inoculated with the
test strain at a salinity of 10.0 0 /00, all control
values were averaged and graphed together.
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Figure 6. Regrowth of Vibrio vulnificus in natural estuarine sea
water incubated statically at 15°C. Jest flasIss were
inoculated with approximately 5 x 10 - 5 x 10 test
Vibrio per ml and changes in cell number were determined
after 4 days incubation. Water salinity was varied from
.75 o/oo to 35 0 /00. Bar graphs below mid-line denote
die-off, while graphs above mid-line indicate regrowth.
No significant regrowth occurred. At salinities of
2.7 0 /00 or less and 33.0 0 /00 or greater, all strains
died-off. Average counts of the indigenous flora was
included at low (.75 - 2.7 o/oo), med (6 - 10 o/oo) and
high (.25 - 35 o/oo) salinities; the indigenous flora
was able to increase 1.5 to 2.0 logs.
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Figure 7. Regrowth of Vibrio cholerae in sterile estuarine sea
water incubated statically at 15°C. ,Test flask; were
inoculated with approximately 5 x 10 to 5 x 10 test
Vibrio per ml and changes in cell number were determined
after 4 days. Water salinity was varied from .75 o/oo
to 35 0 /00. Bar graphs below mid-line denote die-off,
while graphs above mid-line indicate regrowth. Most
strains were able to increase in numbers 1-2 logs at
salinities between 6.0 o/oo and 25 0 /00. Actual die-off
of the vibrios occurred only at 35 0 /00. Controls were
included which contained Rela sea salts solution at a
salinity of 6 0 /00. All control values were averaged
and graphed together.
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Figure 8. Regrowth of Vibrio cholerae in natural estuarine sea
water incubated statically at 15°C. ,Test flask; were
inoculated with approximately 5 x 10 to 5 x 10 test
Vibrio per ml and changes in cell number were determined
after 4 days incubation. Water salinity was varied from
.75 o/oo to 35 o/oo. Bar graphs below mid-line denotes
die-off, while graphs above mid-line indicate regrowth.
Slight regrowth occurred at 6.0 0 /00 only. At salinities
of 1.5 o/oo or less and 25.0 0 /00 or more the test strains
died off. Average counts of the indigenous flora was
included at low (.75 - 1.5 o/oo), med (6.0 o/oo) and
high (25 - 35 o/oo) salinities. The indigenous natural
flora averaged 2.0 logs regrowth in 4 days.
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Abstract

Oysters and other bivalve mollusks filter large quantities

of water and concentrate bacteria within edible shellfish tissue.

This study demonstrated the ability of V. vulnificus to colonize

living oysters within several hours after contaminating water with

the pathogen. Up to 50% of the V. vulnificus in aquaria water

were concentrated into oyster tissue in 7 hours with a water tem-

perature of 15°C. Storage of contaminated oysters at 5°C enabled

the Vibrio to survive in the oyster tissue for up to twenty days.

Several strains of V. vulnificus increased in cell numbers during

storage at this temperature. All strains of V. vulnificus

increased in cell number in oyster tissue upon storage for three

to five days at 25°C. Regrowth in living oysters at this tem-

perature resulted in an average of 109 V. vulnificus cells per gram

of oyster tissue. Such counts represented 100 mouse LD50 units

per gram of oyster meat.
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Introduction

Various health hazards have been associated with ingestion of

oysters, other bivalves and mollusks. Humans have contracted

paralytic shellfish poisoning, Typhoid fever, hepatitis A and

Clostridium botulinum infections from consuming contaminated

shellfish.
20,22

Recent epidemiological investigations have revealed

shellfish are also a major cause of pathogenic Vibrio infections,

especially when the seafood is consumed raw.
3,4,7,9,10,11,32

Blake described 24 cases of systemic V. vulnificus infections.

Where epidemiological data was available, it was found that 19 out

of 19 infections occurred in patients who often ate raw oysters and

6 persons ate raw oysters within 16 hours of the onset of disease.
7

The Centers for Disease Control noted that approximately 20 isolates

of V. cholerae non 0-1 are reported from persons in the United

States each year.
59

Results indicate that all patients with V.

cholerae positive stool isolates had a history of eating raw

oysters within 72 hours of having symptoms. 'A Florida woman with

a case of explosive diarrhea had V. cholerae 0-1 Inaba, El Tor

isolated from her stool.
58

The patient had eaten 6 dozen raw

oysters several days before onset of disease. Other shellfish

(raw mussels) have recently been incriminated as the cause of a

V. cholerae non 0-1 outbreak in Italy.
59

Hook and Ness isolated V. cholerae 0-1, V. cholerae non 0-1,

V. parahaemolyticus, and V. vulnificus from oysters harvested from

Florida estuaries.
35

'

36
In addition, Twedt et al. isolated V.
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cholerae from 118 of 790 oyster samples collected from commercial

shippers and packers in the United States.
73

It is clear that

shellfish become contaminated with pathogenic vibrios and have

recently served as the vehicle of transmission in causing human

gastroenteritis.

The species V. vulnificus is known for its exceptional viru-

lence and unique invasive ability. V. vulnificus has been shown

to cause primary septicemia through the human digestive tract

following consumption of raw seafood.7 This study was conducted

to evaluate quantatively the kinetics by which living oysters take

up V. vulnificus from contaminated sea water. In addition, the

survival of the pathogen was monitored during storage of oysters

under conditions which mimic commercial handling, shipping and

retail sales. Virulence of the V. vulnificus isolates for adult

mice were also investigated during these storage conditions.



77

Materials and Methods

The origins of V. vulnificus used in this study are listed in

Table 5. Prior to initiation of experiments, cultures of V.

vulnificus were removed from stock cultures and streaked onto

tryptic soy agar with 0.5% added sodium chloride (TSA') and

subsequently onto thiosulfate citrate bile salts sucrose agar

(TCBS) to check sucrose reaction, colony morphology and culture

purity. After overnight incubation at 37°C, typical colonies were

inoculated into 25 ml of tryptic soy broth with 0.5% added sodium

chloride (TSB') and incubated 12-15 hours at 25°C. The early

stationary phase culture was centrifuged at 6,000 rpm and washed

with phosphate buffer solution (PBS-NaC1 7.2 g, Na2HPO4 1.48 g,

KH2PO4 0.43 g, H2O 1 i). The washing and centrifugation was

repeated three times. The culture was then diluted to approximately

10
7

cells/ml. This diluted culture was used to inoculate aquaria

water.

Ten gallon aquaria were used to incubate oysters for the

contamination and storage experiments. Estuarine water and

sediment was collected at Yaquina Bay, Oregon in large Nalgene

carboys-. Pacific Oysters (Crassostrea gigas) were obtained

directly from holding cages in Yaquina Bay from the Oregon Oyster

Company. The oysters were placed in a Coleman Cooler with several

cm of crushed ice. Sufficient amounts of newspaper were placed

between the ice and the oysters to prevent cold shock. Trans-

portation time between collection of the samples and arrival at
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the laboratory was about one hour. Immediately upon arrival at the

laboratory, the oysters and estuarine water were examined for the

presence of V. vulnificus. This established a base line of initial

V. vulnificus numbers in the oyster and estuarine water before

experimentation. Indigenous V. vulnificus was recovered from only

one of the water samples.

The aquaria were maintained at 15°C, an environmental tem-

perature similar to that found in Oregon estuaries. Tides along

Yaquina Bay were monitored with Y.S.I. brand salinity meter to

obtain estuarine water samples of mid range salinities, since

previous experiments indicated this range to be optimum for V.

vulnificus. The salinity of the estuarine water used in the

experiments varied from 9-12 0 /00. The tanks were set up with

approximately 2.5 cm of sediment and 20 liters of estuarine sea

water. Between 15 and 20 oysters were placed into each aquarium.

The tanks were allowed to equilibrate at least 24 hours before the

start of an experiment. The aquaria were aerated with Silent

Giant brand aquarium pumps. With adequate aeration, the oysters

remained viable for weeks beyond the termination of each experiment.

Fresh oysters, water and sediment were obtained for each experiment.

Upon completion of an experiment, the water, sediment and oysters

were autoclaved and discarded and the tanks were washed.

The examination of oysters for V. vulnificus was accomplished

by a most probable number (MPN) procedure where two to four

animals were examined according to the modification of the

Recommended Procedures for the Examination of Sea Water and
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Shellfish by the American Public Health Association.
1

The

oysters were first held for 30 min. to 1 hour at room temperature.

It is critical that the oyster homogenate not be chilled since

it has been shown that oyster homogenate is lethal to V. vulnificus

at 4°C but not at 25°C.
57

Once the temperature has equilibrated,

the oysters were washed and scrubbed with tap water to remove

sediment from the shells. The animals were aseptically shucked

and placed into sterile beakers for weighing. They were diluted

1:5 with PBS at room temperature, and homogenated in a Waring

Commercial Blender. The oysters were homogenated for 15 sec,

allowed to settle for 1 min, then homogenated again for 15 sec,

this procedure was repeated three times. The homogenate was

diluted in 10-fold increments with PBS and one ml inoculated into

alkaline peptone broth (APB) pH 8.5 with 1% sodium chloride. The

enrichment was incubated overnight at 37°C, then streaked onto

TCBS agar. Large mucoid, green or blue green colonies were

confirmed as V. vulnificus with key carbohydrate fermentation

reactions. These tests were amygdalin, lactose and salicin

fermentations.

The numbers of V. vulnificus in the experimental waters was

monitored by both viable plate count on TSA' and by the MPN

procedure. Table 6 illustrates the comparison of the two enumeration

methods. The MPN procedure gives a higher count of the viable Vibrio

numbers than the plate count method, at times by an order of

magnitude higher. A students T-test statistical analysis revealed

a significant difference in recovery of the Vibrio from aquaria
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water in the two methods.
70

Consequently any comparison of viable

counts of V. vulnificus were always conducted using the same

enumerating method (MPN procedure), to eliminate additional

variability.

Each experiment consisted of two aquaria, the experimental

aquarium which contained oysters and a control aquarium containing

no oysters. The two aquaria were inoculated with the washed culture

of the test strain of V. vulnificus. The inoculum was dispersed

evenly throughout the aquarium by action of aerator pumps. The

numbers of V. vulnificus in the aquaria were monitored periodically

through the course of the experiment. After 5-8 hours incubation

in the experimental aquaria, oysters were removed and two to four

were assayed immediately to enumerate V. vulnificus uptake. The

remaining oysters were stored at both refrigerated temperature

(5°C) and in an incubator at room temperature (25°C), in order to

observe the effects of storage on the numbers of V. vulnificus in

the contaminated oysters. The oysters were stored unshucked in

their shells, in large plastic buckets, the tops of which were

sealed with aluminum foil to prevent dessication.

At 25°C the oysters were no longer viable after 3-5 days

incubation, and the meat subsequently deteriorated rapidly.

Consequently the sample was analyzed for V. vulnificus after 3-5

days depending upon the conditions of the oyster meat. The actual

criteria for determining the sample time was the opening of the

oyster shell. The 25°C samples were taken immediately upon obser-

vation of shell opening. At this time odor and general quality of
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the meat was not offensive and would likely still represent a

marketable product. At 5°C the oysters remained viable after

three weeks or more of storage. Occasionally an oyster would lose

viability, the shell would open, and the meat deteriorate. Once

the shell opened the oyster was discarded. Only viable oysters

with good quality meat were sampled at this storage temperature.

Sampling was usually performed after 5 and 10 days of storage.

In parallel with enumeration of V. vulnificus in the oysters,

virulence studies were also conducted. The bioassay model employed

for these studies was LD
50

measurements in adult mice. Other

investigators have recommended the use of this model in studying

pathogenicity of V. vulnificus.61 The present study consisted of

comparing the virulence (LD50) of cultures grown in broth media

with the virulence of isolates recovered from contaminated oysters.

The LD
50

values were determined after 5-8 hours incubation of the

oysters in V. vulnificus contaminated aquaria. These results were

compared to the virulence of V. vulnificus in oysters which were

held 3-5 days at 25°C and 5 to 10 days at 5°C. Virulence of

laboratory grown cultures were measured on cultures grown in TSB'

for 10 hours at 25°C on a shaker at 200 rpm. The culture was

diluted with PBS and at least four dilutions were injected into

five male Swiss Webster mice weighing 17-20 grams. The inoculum

from contaminated oysters was prepared by homogenating the oyster

meat with an equal volume of PBS. After the initial 1:1 dilution,

the homogenate was diluted using 10-fold serial dilutions in PBS.

The mice were held at room temperature in cages with five mice per
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cage. Virulence was determined by the number of mice dying within

a 48 hour period following intraperitoneal injections of 1 ml

volumes of cell suspensions. Isolation of the test bacterium

(V. vulnificus) from a swab of the peritoneal cavity was routinely

done on all dead animals. The LD
50

values were calculated using

the moving averages method as described by Meynell and Meynell.
70

The mean proportional mortality was calculated by taking the

dilutions in groups of three. The value of the mean proportional

mortality immediately less than 0.5 (M1) and immediately greater

than 0.5 (W2) are used to calculate the estimated dose50 (ED50).

The log ED50 will be a proportionate distance, f, between the

corresponding dose values for (M1) and (M2), which are d1 and d2.

Thus, once the f-value is calculated, the ED50 can be determined.

The LD50 is the viable count multiplied by ten raised to the ED50.
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Results

Figure 9 illustrates the kinetics of V. vulnificus loss from

aquaria water with the concomittent increase in oysters. The

initial inoculum of V. vulnificus in the aquarium with oysters

(4 x 103 cells/m) declined 50-fold within 7-8 hours after inocula-

tion. In the control aquarium without oysters, counts declined

only 3-fold in the same time period. The reduction of V.

vulnificus from the water was accompanied by their accumulation in

oyster meat to 2.4 x 103 Vibrio per gram of tissue.

The indigenous flora of the aquaria water were also monitored

in the presence and absence of oysters. A plate count of the

water on TSA' incubated at 25°C revealed that the indigenous flora

of the control (without oysters) was able to increase in numbers.

The increase in this experiment was from 3 x 104 CFU/ml aquaria

water to greater than 1 x 105 CFU/ml water in 24 hours. In the

presence of viable, feeding oysters the numbers of bacteria in

the aquarium water declined 100-fold from 7 x 104 to 8 x 102

CFU/ml.

When the aquaria were incubated for several days the numbers

of V. vulnificus in the water continued to decrease. In 48 hours

the viable plate count declined to less than 10 CFU/ml aquarium

water and after 72 hours the plate count failed to detect the

Vibrio. Enrichment medium (alkaline peptone) was unable to detect

the Vibrio after 120 hours. When the oysters remained in the

aquarium for several days a similar decline of V. vulnificus
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occurred in the oyster tissue. The V. vulnificus count in the

oyster reached a maximum level approximately 7 hours after con-

tamination of the aquarium water, after which the levels began to

decline. In one typical experiment the numbers of V. vulnificus

in oyster tissue 7 hours after inoculation was 10 5
cells/gm.

Incubation for 24 hours in the aquarium lowered the levels of the

Vibrio in the oyster to 103 cells/gm and after 48 hours incubation

the numbers were reduced to 10 cells/gm.

Figure 10 demonstrates the relationship between V. vulnificus

in the water and the number of V. vulnificus recovered from oyster

tissue. The number of V. vulnificus in oyster tissue after 7-8

hours incubation in aquaria is a function of the initial number of

V. vulnificus in the water. When the level of V. vulnificus in

the water was 10
3
cells/ml, the amount recovered in the oyster was

10
2

cells/gm. When water levels of the Vibrio reached 10
4

cells/ml,

the numbers of V. vulnificus recovered from the oyster tissue was

also 10
4

cells/gm. When water counts were 10
5
V. vulnificus/ml or

more, the numbers of the Vibrio in the oyster tissue was at least

10
7

cells/gm. Therefore, when the percentage of V. vulnificus to

the total indigenous flora increased, the oysters were able to

concentrate a higher proportion of V. vulnificus At the level of

10
3
cells/ml where the Vibrio comprised less than 1% of the total

bacteria, the efficiency of filtering V. vulnificus was low, only

0.5% of the inoculum accumulated in whole oysters in 7 hours. When

water levels of the Vibrio reached 105 cells/ml, or nearly 50% of

the total bacteria, the oysters were able to concentrate V.
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vulnificus to extremely high numbers, attaining levels of 109

V. vulnificus per gram of oyster meat. When V. vulnificus numbers

in the aquaria water were 10
2
cells/ml or less, indicated by a

dashed line in Figure 10, the MPN procedure was unable to detect

V. vulnificus in the oyster tissue.

Current concepts propose that the pathogenic vibrios are

indigenous to coastal estuaries, consequently their numbers should

be fairly constant over short periods of time. In order to better

simulate open estuary conditions with regard to the microbial flora,

levels of V. vulnificus were maintained in the experimental aquaria

(containing oysters) by multiple inoculations. The aquaria were

inoculated.every two hours with 10
2

- 10
3

cells/ml of V. vulnificus

(final concentration of aquarium water). In one typical experiment,

after the second inoculation, the plate count of V. vulnificus rose

from 400 CFU/ml to 700 CFU/ml, then declined to 600 CFU/ml after

one hour and to 400 CFU/ml after 2 hours. The next inoculation

raised the numbers to 1 x 10
3

CFU/ml, which subsequently declined

to 800 CFU/ml then 600 CFU/ml after one and two hours respectively.

This cycle was observed following each inoculation, with the average

cell numbers over the experimental period (typically 24 hours)

leveling out to 1 x 103 V. vulnificus per ml in the water.

During the multiple inoculation experiments, oysters were

periodically removed from the aquarium and assayed for V.

vulnificus. In a typical experiment, after five hours and three

inoculations averaging 10
3

cells/ml aquarium water, the numbers

of Vibrio in the oyster tissue was 10
7

cells/gm. In one experiment
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oysters were also sampled at ten, fifteen and twenty-four hours.

Each of the oyster samples averaged approximately 106 V. vulnificus

cells/gm oyster tissue during the entire sampling period.

After harvesting oysters from environmental waters, packers

usually store shellfish under refrigeration or simply allow the

product to remain at ambient, room temperature. Studies were

therefore conducted to determine what effect storage temperature

has on the numbers of V. vulnificus colonizing the oysters. The

oysters were removed from the aquaria 7 hours after the water was

contaminated and sampled immediately to give the 0 day value

illustrated in Figures 11 and 12. Figure 11 illustrates the

extent of regrowth of V. vulnificus in living oysters stored at

25°C. Strain #100 exhibited the most dramatic increase from

approximately 5 x 103 cells/gm to approximately 5 x 107 cells/gm

of oyster tissue after 4 days storage at 25°C. Strain #36 increased

3.0 logs from approximately 104 to 107 cells per gram oyster

tissue, and strain #151 increased 2.0 logs from 106 to 108 cells

per gram. Strains #34 and #195 had extremely high initial numbers

of 10
9
cells/gm but were able to increase their numbers ten fold

nonetheless. Without exception all strains were able to increase

in density up to 10
7

- 10
10

cells/gm of oyster tissue.

The growth response of V. vulnificus in oysters stored at

5°C was more heterogenous (Figure 12), although all strains were

able to maintain detectable levels after 20 days storage at 5°C.

Strain #458 exhibited an increase from initial levels of 2 x 10
3

cells/gm to 6 x 10
5
cells/gm after 7 days storage. The numbers
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subsequently dropped to 5 x 102 cells/gm after 10 days and main-

tained this low level even after 20 days of storage. Strain #151

also demonstrated an increase after 5 days of storage, and after

15 days numbers were still 8 x 10
4

cells/gm oyster tissue. Strains

#34 and #100 exhibited similar responses. Strain #106 showed little

change in numbers after 15 days storage, maintaining cell numbers

at a level of 10
2

cells/gm. The clinical isolate #36 exhibited a

decrease after 3 days followed by an increase back to initial

levels of approximately 10
4

cells/gm after 10 days. Strain #195

had an initial, very high level of 109 cells/gm and this strain

exhibited a steady decline to 5 x 104 cells/gm after 20 days. The

results collectively indicate that V. vulnificus will survive and

many strains will even regrow in living oysters during storage at

5°C. Refrigeration does not eliminate the Vibrio contamination.

The results of the virulence tests on V. vulnificus are

summarized in Table 7. The LD
50

values of several strains of V.

vulnificus grown in TSB' were compared with the LD50 values obtained

for the same strains present in living oysters. Oysters were

harvested seven hours after contamination of the aquarium with

the test strain, and assayed immediately for LD50, and after 4

days of storage at 5°C and 25°C. No significant differences were

observed between LD
50

values from broth grown and from oyster

contaminated specimens. All environmental strains tested exhibited

a slight increase in the LD50 value from oysters when assayed

immediately after harvest from the aquarium, but this was not a

statistically significant increase. After storage of the oysters
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at 5°C and 25°C for 4 days, LD50 values were slightly lower for

most strains. However, there were several exceptions in which the

LD
50

values increased.

Strain #100* (Table 7) demonstrated a large decrease in the

LD
50

when assayed from oysters. This decrease in LD
50

was not

due to an increase in virulence of this strain, but rather to a

simultaneous contamination of oysters with an indigenous V.

vulnificus strain from the environment. Both strains were isolated

from the test aquarium water and oysters incubated in the aquarium.

They had distinct API profiles, strain #100 was 5046005 and the

indigenous strain (OSU #458) was 5346105. Both strains together

were more virulent than either strain alone. The indigenous strain

(#458) was also isolated from the uninoculated controls. This is

the only experiment in which the control oysters caused fatality in

the mice.

Concentrated oyster homogenate (oyster meat diluted 1:2 with

PBS) containing low numbers of V. vulnificus caused fatality in

inoculated mice. Strain #195 demonstrated typical results.

Concentrated oyster homogenate containing 4.6 x 104 V. vulnificus/ml

caused mortality in all inoculated mice. However, when grown in

broth, numbers as high as 106 cells/ml of strain #195 did not cause

fatality. This synergism was observed throughout the animal

virulence experiments. To further examine this phenomenon, four

aquaria were inoculated with various dilutions of a culture (strain

#458) to establish a gradient of Vibrio numbers in oysters incubated

in the aquaria for 5 hours. The numbers of Vibrio in each set of
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oysters were 4.8 x 10
8

, 2 x 10
7

, 2 x 10
6

, and 8 x 10
4
V. vulnificus/

gm oyster meat. All four sets of oysters in a 1:2 dilution of

oyster homogenate produced fatality in the inoculated mice. The

control oyster homogenate alone, without any V. vulnificus, did

not produce fatality. Strain #458 alone when grown in TSB' and

inoculated into the mice did not produce fatalities with cell

numbers of 3 x 10
6
cells/ml or lower, but these numbers did cause

fatality when inoculated with concentrated oyster homogenate.



90

Discussion

Oysters and other bivalves filter an average of one liter of

water per hour. However, various environmental parameters such

as temperature, salinity, amount of particulate matter, chemical

composition and total bacterial counts of the water all affect

bacterial transport and uptake rates by the oysters.
81

This study

delineated specific circumstances in which high densities of V.

vulnificus were concentrated in oysters and described the fate of

these pathogens during subsequent storage of oysters.

The numbers of V. vulnificus accumulated in oysters was a

function of their absolute density and their proportion to the

total bacterial density in the water. When the viable count of

V. vulnificus in the water was 10
5

cells/ml, the oysters concen-

trated the bacteria 100-fold to 10
7

cells/gm oyster. With higher

numbers of the Vibrio in the water, the oysters concentrated the

cells 1000-fold.

By extrapolation of experimental measurements, the lower

detection limits resulting in V. vulnificus contamination of

oysters was estimated to be 10-100 cells/ml of aquarium water.

There are several reasons why this apparent limit should be viewed

with caution. The low level inoculum of V. vulnificus is subject

to die off in the presence of indigenous bacterial competitors.

At low initial densities, V. vulnificus may be completely

eliminated from the water. However, there are confirmed methodo-

logical recovery problems in detecting the pathogen from lower
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dilutions of oyster homogenates (Mary Hood, personal communication).

This recovery problem has also been noted in the present study.

Apparently there are bactericidal factors released from the oysters

upon homogenation. Mori et al. have demonstrated the natural

bactericidal activity of oyster tissue.
55

Oliver also observed

that upon homogenation of chilled oysters, lethal factors are

released which are very effective at killing V. vulnificus
57

Oliver warns that caution should be used when interpreting results

from MPN values using chilled oyster homogenate. In the present

studies oyster homogenates were prepared at ambient temperature.

One should view with caution when oysters appear uncontaminated

when the numbers of Vibrio in water are below 100 cells/ml.

The single inoculation of V. vulnificus into aquaria was

followed by their rapid disappearance from the water as the oysters

filtered them out. This equivalent of a point source of contam-

ination does not simulate natural conditions. In an investigation

of V. vulnificus distribution in estuaries near Galveston, Texas,

Kelly was able to isolate the pathogen from 36% of the water samples

in quantities up to 500 cells/ml.
46

Several sites repeatedly

yielded isolates of V. vulnificus throughout that investigation.

Under natural conditions shellfish will therefore be exposed to

a constant, low dose of vibrios.

The experiments conducted in this report using multiple

inoculations attempted to simulate the consequences of constant

levels of contamination. When the levels of Vibrio in the water

were maintained with repeated inoculations, the oysters maintained
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a constant level of V. vulnificus. It appears the oysters

established an equilibrium with respect to filtering the bacteria

from the water. However, the numbers of Vibrio in oyster tissue

greatly amplified over that observed with a single inoculation.

For example oyster counts of 106 cells/gm were achieved when Vibrio

counts in the water were maintained at 10
3

cells/ml. The number of

Vibrio in the oyster remained fairly constant, independent of the

number of times the aquaria were inoculated. Therefore, when sea

water contains the Vibrio, oysters will most likely contain the

pathogen even when present in very low levels because of the

amplification effect. Therefore, if a consumer eats 10-12, 50 gram

raw oysters, even using a low estimate of only 50 cells/gm oyster

meat, that consumer would injest at least 10
3

to 10
4
V. vulnificus

This estimate corresponds well with environmental data collected

by Hood and Ness.37 They detected a range of 0-48 cells/gm of

V. vulnificus in oysters collected in a Florida estuary, and 0-22

cells/gm for V. cholerae, and 920 cells/gm for V. parahaemolyticus.

Unfortunately, corresponding counts of the vibrios in the estuary

water were not requested. They also estimate a typical oyster meal

could contain over 104 Vibrio cells.

Whether or not 10
4
V. vulnificus are an infective human dose

is currently unknown. The infective dose for V. cholerae has been

determined to be on the order of 10
8

cells, but this value is

lowered to 10
4
cells when stomach acid is neutralized with bicar-

bonates or certain types of food prior to ingestion of the organism.12

Nalin et al. documented the ability of V. cholerae to adsorb to



93

chitin and demonstrated that this adsorption protects the Vibrio

from acidification, which aids in the survival during passage through

the stomach.
56

Other factors may also protect the pathogens from

the gastric environment, such as simply ingesting the organisms

with large quantities of food (such as shellfish) and drink which

would dilute the acid in the stomach.

The results of this study support the evidence that pathogenic

vibrios colonize various seafoods harvested from waters containing

the pathogens. Frequently, shellfish and other seafood are

consumed several days to a week or longer after harvest. The

postharvest storage conditions are also critical in maintaining

the sanitary quality of the food. It has been shown in this study

that V. vulnificus will survive and multiply in oysters stored in

the shell at 5° and 25°C. Every strain tested increased in numbers

during 3-5 days that oysters were stored at 25°C. All V.

vulnificus strains tested also survived for 15-20 days at 5°C and

several strains increased several logs after 5-7 days of storage at

the refrigeration temperature. Even after 15-20 days of. storage at

5°C, the numbers of V. vulnificus in the oyster were not signifi-

cantly reduced; the oysters still could present a potential health

hazard. It appears that refrigeration alone is not a sufficient

safeguard to control numbers of pathogens in the oyster.

If the shellfish are contaminated when harvested, storage

abuse can allow regrowth of the pathogen to levels which may result

in an infective dose. Several workers have also studied the

survival of other vibrios in shellfish. Toyama contaminated
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oysters by placing them in waters containing V. cholerae.
60

The

Vibrio survived in the oyster for lZ months at temperatures between

0-5°C and for 15-20 days at 22°C. Johnson et al. collected oysters

from Maryland waters and found V. parahaemolyticus in all oyster

samples.
39

They showed that V. parahaemolyticus survived for 3

weeks at 4°C with little or no apparent decrease in numbers and

multiplied in oysters held at 35°C for 1-3 days. Fukuyoshi et al

showed that. V. cholerae can survive for up to 10 days in clams

refrigerated at 0°C.
27

Hood and Ness performed storage experiments

using naturally contaminated oysters collected from shellfish beds.37

The initial V. vulnificus numbers in the oysters were low, <5 cells/

gm. The magnitude of increase was correspondingly low, between

15 and 25 cells/gm, after 7 days at 8°C and 20°C. The numbers

decreased to very low levels after 14 and 21 days at these tempera-

tures. They showed that at 2°C, the Vibrio maintained very low

numbers and did not exhibit any increase. Under certain conditions,

storage of the oysters can increase their health hazard by allowing

pathogens to increase in numbers.

Passage of V. vulnificus through the oyster does not appear

to affect the virulence of the bacterium to any great extent. The

LD
50

values of V. vulnificus in broth media do not significantly

differ from the LD
50

values when taken from oysters immediately

after harvest. Conversely, the LD50 values for most strains appear

to decrease slightly upon storage in the oyster. The most

interesting observation of the virulence studies is the demon-

stration that concentrated oyster homogenate contaminated with
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low numbers of V. vulnificus causes fatalities in mice. Concentrated

homogenate alone did not kill the mice nor did low numbers of V.

vulnificus (10
4
-10

5
cells /ml) from a broth medium. However, con-

centrated oyster homogenates containing 10
4
V. vulnificus/gm

caused fatalities in the mouse. The reason for this virulence

phenomenon is unknown. The concentrated oyster homogenate contains

a large antigen load (from other bacteria) which may overwhelm the

immune system of the animal and accentuate the pathogenicity of

V. vulnificus. Another possibility is that the oyster homogenate

might contain some virulence enhancing factors for V. vulnificus

such as iron. When these factors are present in sufficient con-

centration, as in concentrated homogenate, they might increase

the virulence of the Vibrio to promote infection and mortality in

the mice.

The one clinical isolate tested had a lower LD50 value than

the environmental isolates. This phenomenon was observed in

previous studies in our laboratory, with other Vibrio species

grown in broth media (Mitsouki Nishibuchi, personal communication).

Whether this difference in LD
50

justifies a distinction between

environmental and clinical isolates with regard to their public

health-significance remains to be answered. Spira et al. have

noted similar biological activity in animal models for clinical

and environmental isolates of non 0-1 V. cholerae.
68

The lowered

LD
50

and hence higher virulence of the clinical V. vulnificus

isolates might be due to selective pressure exerted upon the sub-

population of pathogenic vibrios present in the environment. The
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animal host system will selectively eliminate vibrios which are

less virulent and less invasive until infection is caused by a set

of vibrios which are most successful in colonizing the mamilian

host system. An environmental isolate would not necessarily have

been exposed to this selective pressure. Consequently when the

strains are examined for virulence in a mammilian host system

(i.e. mouse), clinical isolates will most likely exhibit a higher

virulence or lower LD
50

than the environmental isolate.

Other factors also affect the degree of pathogenicity of an

isolate. Factors such as toxin production, ability of the Vibrio

to remain and multiply in the intestine, and the ability to

attach and invade the intestinal mucosa all affect the potential

for disease expression. Still another important factor is the

constitution and over all health of the person consuming the oysters,

especially liver dysfunction and any conditions altering the acidity

of the stomach such as achlorhydria. Hughes noted that only 4 of

28 non 0-1 V. cholerae infections in 1978 had a fatal outcome.
38

In all 4 fatalities, the patient had some underlying, pre-existing

disease. Blake also noted that 23 out of 24 patients who contracted

primary septicemia from V. vulnificus had an underlying, pre-existing

disease, 18 of which were hepatic disease, and 11 of the 24 patients

died.

All these factors and others will influence whether or not a

consumer will contract an infection caused by V. vulnificus.

Understanding the distribution of these organisms in the water,

and the kinetics of uptake by the oyster will help reduce the risk
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of these infections by aiding in the prediction of pathogenic

Vibrio levels in shellfish.

The results of the two chapters of this report indicate that

pathogenic strains of V. vulnificus, V. fluvialis and V. cholerae

are able to survive and grow in the environment, and may be an

integral part of the ecology of the estuarine environment. Growth

of the vibrios in the experimental models is limited by the

presence of competing microorganisms, but some growth was observed.

The experimental models might be lacking in certain important

nutrients or parameters that are present in the environment, which

can further stimulate Vibrio growth. The evidence to date indicates

that high nutrient content, mid-range salinities, moderate tem-

perature, and low microbial activity by competitors are conducive

to growth of the vibrios. The data indicate that shellfish grown

in waters containing pathogenic vibrios will become colonized by

the vibrios and pose potential health hazards to the consumer.

Storage of the seafood does not eliminate the contaminating vibrios,

and indeed could allow for an increase in numbers of pathogens

during inappropriate storage conditions. The vibrios remain

virulent in seafood and are capable of causing disease if adequate

numbers are consumed. The accumulating clinical and epidemiological

data on the different species dramatically mandate a continued

investigation into the ecology and pathogenicity of the pathogenic

Vibrio species.
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Table 5. Identification and source of isolation of V. vulnificus
strains used in oyster colonization and virulence studies.

OSU
Reference

Origin Number Strain

Ea 195 C1-0-010
E 151 N-3M-30
E 100 79-08-9
E 106 79-11-114
C 36 B-51

E 34 A-38
E 458 WA-0-018

Source of Isolation

clam - Tillamook, Oregon
crab meat - Louisiana
sea water - Galveston, Texas
sea water - Galveston, Texas
human blood and spinal fluid - Hawaii
Dungeness crab intestine - Oregon
water Yaquina Bay, Oregon

a
environmental, E; clinical, C
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Table 6. Comparison of two methods of enumerating V. vulnificus,
standard plate count on tryptic soy agar and most
probable number procedure. V. vulnificus was enumerated
after inoculation into experimental aquaria containing
natural estuarine sea water and sediment. After data
was modified with a geometrical mean transformation, the
students T-test for paired observations revealed a
significant difference in the two enumeration procedures.

70

The most probable number procedure results in a higher
estimation of V. vulnificus numbers when compared to the
standard plate count.

Viable Plate
Counts on TSA'

CFU/ml

Most Probable
Number

viable cells/ml

353 1,100

113 240
433 2,400
53 150

1,400 24,000
900 930

9,000 46,000
8,000 24,000
8,700 9,300
2,660 1,500

24,000 270,000
13,000 110,000
47,000 460,000
44,000 93,000



Table 7. Comparison of LD values for V. vulnificus strains grown in broth with LDan values of those
present in expernientally contaminated oysters. LE:ir, values from broth wee determined after
overnight growth in TSB': LDan values of V. vulnifftus in oysters were determined
immediately upon removal of oYters from aquaria following 5-7 hours incubation in contamin-
ated waters. LD values were also determined after 4-5 days storage of contaminated oysters
at 5°C and 25°C.

50

Strain

LD
50

from broth

LD
50

from oysters
immediately after harvest

LD
50

from oysters after storage

5°C 25°C
5 days 4 days

195 2.45 x 10
7

8.49 x 10
7

1.9 x 10
6

3.79 x 10
7

34 1.71 x 10
7

3.81 x 10
7

9.53 x 10
8

3.79 x 10
6

151 1.0 x 10
8

no mortality 3.79 x 10
6

3.79 x 10
6

36 5 x 10
5

9.1 x 10
3

3.8 x 10
3

3.79 x 10
4

100* 2.15 x 10
8

1.47 x 10
3

7.27 x 10
2

1.74 x 10
6

458 6.78 x 10
7

1.52 x 10
8

100 2.15 x 10
8

3.8 x 10
8

----: Not tested

100*: simultaneous contamination by two strains as described in text.
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Figure 9. Decline of V. vulnificus in experimental aquarium
water and appearance in previously uncontaminated
oysters. Curve A represents viable counts in a
control aquarium which contained estuarine water and
sediment but no oysters. Curve B shows the counts in
the experimental aquarium which contained estuarine
water, sediment, and viable, feeding oysters. Note
that the numbers of V. vulnificus in the experimental
aquarium (curve B) declined more rapidly and to a
greater extent than the numbers of Vibrio in the
control (curve A). The bar graph shows the counts
of V. vulnificus in oysters after 7 hours incubation
in the aquarium containing the Vibrio. Oysters were
assayed prior to inoculation with the test Vibrio
(time 0), and V. vulnificus was not isolated. Seven
hours after inoculation the oysters were found to
contain 2.4 x 104 V. vulnificus cells per gram.
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Figure 10. Correlation between initial V. vulnificus water counts
and the numbers subsequently recovered from oysters
after 7 hours of exposure to contaminated aquarium
water. Aquaria contained 20 liters of estuarine sea
water plus sediment and 15-20 uncontaminated oysters.
Aquaria were inoculated with V vulnificus to give
initial counts ranging from 10i to 10 cells per ml
of water. Oysters were assayed 5 to 7 hours after
inoculation of the test aquaria and counts are expressed
per gram of oyster meat. The graph demonstrates a
logarithmic correlation between the initial numbers of
Vibrio in the water and the number of Vibrio recovered
from the oysters. The dashqd line is an extropulation
for Vibrio numbers below 10 cells per ml of water.
The extropulation reveals hat when Vibrio numbers
in the water drop below 10 per ml, the Vibrio will
not be detected in the oyster by this assay system.
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Figure 11. Regrowth of V. vulnificus in oysters stored at
25°C. Oysters were contaminated with the Vibrio
using experimental aquaria held at 15°C. The
aquaria were inoculated with strains of V.
vulnificus, the oysters were removed after 5-7
hours incubation in the aquaria and assayed
immediately to give the day 0 Vibrio numbers on
the graph. An MPN determination was used to
enumerate the vibrios. The remaining oysters were
stored in the shell in sealed plastic buckets at
25°C and assayed in 3-5 days. Note that every
strain of V. vulnificus tested was able to increase
in numbers upon storage in oysters at 25°C.
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Figure 12. Effects of storage at 5°C on the numbers of V.
vulnificus in contaminated oysters. Oysters were
contaminated with the Vibrio using experimental
aquaria containing 20 liters of estuarine water,
sediment and 15-20 oysters, held at 15°C. The
oysters were removed 5-7 hours after the aquaria
were inoculated with test strains of V. vulnificus.
Oysters were assayed immediately to give the day 0
Vibrio numbers. The remaining oysters were stored
in the shell in sealed plastic buckets at 5°C and
assayed periodically for up to 20 days. Note that
all strains of V. vulnificus were able to maintain
cell numbers even after 20 days storage at 5°C,
indeed several strains were able to grow in the
oysters.
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