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I. Introduction 

Recent publications all prove the negative results of studies under
taken to find salmonellae and other enterobacteria of fecal contamination 
in marine fish caught in the open sea. Certain observations indicate, how
ever, their presence in fish when they are marketed fresh or dispatched 
from the filleting or icing establishments. 

Marine fish, nevertheless, seem to be rare agents for transmission of 
enteric bacteria, at least in countries with good sanitation standards. 
Edible oysters, mussels, and other shellfish are, on the other hand, very 
often infected by salmonellae, because the indispensable sanitary pre
cautions are neglected in the cultivation areas. They are still frequently 
the origin of large epidemics of typhoid fever in some regions of the 
world. 

For marine fish as well as for mollusks, contamination by pathogenic 
enterobacteria may be caused by a number of factors, being subject to 
argument still and in certain respects insufficiently studied. Nevertheless, 
they will be further analyzed below. 

II. Self-cleansing of the Sea 
The sea is the natural recipient of surface water from the land. Along 

the coasts, it also receives used water, sometimes without any previous 
cleansing treatment, either directly or via river mouths. Far away from 
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shore, sea water may be polluted by fecal substances from birds or ships. 
Even though the former, for all practical purposes, constitute a negligible 
source of contamination, the latter may cause water surfaces to be tem
porarily highly contaminated. This has been observed when naval units 
pass an area. But aside from such exceptional circumstances, fecal pol
lution of the marine environment is almost exclusively a coastal phe
nomenon. 

The purification of sea water containing salmonellae, sometimes in 
relatively large quantities, depends on factors different from those which 
intervene in other external environments. The self-cleansing may be due 
to special conditions, some of which are still insufficiently known. Two 
factors in particular are important: 

The dilution of sea water through fresh water, in the form of dis
charge from rivers or sewage outlets, is no simple and predictable phe
nomenon. Because of the lower density and frequently higher temper
ature of the incoming fresh water, a thorough mixing is rendered dif
ficult. This results in a greater degree of immobility of fresh water on 
the surface of the sea. Fortunately, other factors, such as prevalent wave 
movements, contribute to a greater mixing, especially when they are pro
duced by winds hitting the surface. 

The transportation of polluted water by surface currents, too, plays 
a role. The thin film of fresh water is removed by the tide and such cur
rents. Subsurface currents have only a secondary influence, while those 
on the surface are predominant and almost exclusive agents in sea water 
without strong tidal movements. This phenomenon has been thoroughly 
analyzed by Moore (1954a). 

So it is evident that an intimate mixing of sea water and polluted 
fresh water is difficult or takes place very slowly. Under these conditions, 
rather unfavorable for a cleansing action through dilution, the following 
factors are most essential in order to accomplish a reasonable purification 
of the water: 

Oxidation is facilitated by waves and stream movements. 
Sedimentation and absorption by marine sediments exert an influence 

on the rate of cleansing. Some authors consider the latter as playing an 
important role (Rubentschik et ah, 1936). However, the decrease in the 
number of microorganisms found after active sedimentation is only ap
parent. The microorganisms fixed to deep sedimented layers stay there 
only temporarily. They are not destroyed, and go into suspension, some
times, through waves, winds, and currents. 

The destruction of bacteria by protozoans and microscopic animals 
normally living in the sea or in the polluted water reaching the sea is 
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another essential force. Stryszak (1949) suggests that these protozoans 
are the major agents for the destruction of salmonellae in a marine en
vironment. Waksman and Hotchkiss (1937) remark that the multiplica
tion of the protozoans, copepodes, and other minor marine animals is 
proportionate to the degree of destruction of bacteria in the zones studied. 

Bacteriophages probably contribute little or not at all, in this case, 
toward the destruction of pathogenic bacteria. The bacteriophagic lysis 
requires, as a matter of fact, a temperature favorable for the multiplica
tion of these germs: this condition is generally not present in the sea. 

The salinity of the marine environment (35 per thousand, average), 
too, has little effect on microbial life. 

Some authors seem to neglect the highly favorable influence of solar 
irradiation, which is not mentioned in the studies by Pearson (1956). 
According to Ruys, its importance in polluted waters was observed in 
the coastal zones of the Mediterranean. 

Finally, everyone who has taken an interest in marine biology admits 
that sea water has a bactericidal effect on enterobacteria. As early as 
1885, Nicati and Rietch, and somewhat later De Giaxa (1889), found 
that sea water sterilized by heat lost its inhibiting effect on Vibrio comma 
and Salmonella typhi. Krasilnikov (1938) showed that a simple treatment 
through a Seitz filter clearly decreased its aggressive action on terrestrial 
bacteria. Beard and Meadowcroft (1935) found the same phenomenon 
for Escherichia coli and S. typhi. The nature of this bactericidal power is 
still being discussed, but everybody admits its thermosensitivity, which 
was proved by Ketchum et al. (1949) and by Heim de Balsac et al. 
(1952). The latter authors suggest that the active agent is an antibiotic 
substance, but this has not yet been proved. For Vaccaro et al. (1950), 
it is due to marine bacteria producing substances which inhibit soil bac
teria. Rosenfeld and ZoBell (1947) also remarked that nine species of 
marine bacteria isolated by them had obvious antagonistic properties to 
soil microorganisms, especially E. coli. Nusbaum and Garver (1955) dis
agree, having found inhibitory activity in sea water in samples almost 
deprived of marine bacteria and of phytoplankton. 

Additional phenomena may interfere with this self-cleansing process, 
but they are without doubt of less importance. 

III. Survival of Salmonellae and Other Enterobacteria in Sea Water 

This question has been studied by numerous scientists as presented 
in a survey by Orlob (1956). Nevertheless, the data hitherto collected 
are still highly inadequate. It is indispensable to follow through with 
further investigations before giving any final opinion as to the risks of 
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survival of these bacteria. A review will be made of observations on the 
survival of enterobacteria, whose presence was due to fecal contamina
tions of sea water as well as to the viability of salmonellae. 

A. Escherichia coli AND COLIFORMS 

The survival of these bacteria was specially studied in vitro which is 
largely responsible for the limited value of this research. It is actually 
impossible to compare conditions in bottled sea water, inoculated with 
microbes, to that of water in its natural environment, where it is subject 
to a multitude of varying influences, as wind, sun, currents, temperature, 
etc., which are completely or partially eliminated in the laboratory. On 
the other hand, there are notable differences in sensitivity between the 
bacteria present in sewage water and the same species cultivated in an 
artificial environment, as was the case in these in vitro experiments. 
Finally, it should be pointed out—as stated by Brisou (1954)—that the 
amount of bacteria inoculated into sea water is often much too high and 
in any case far in excess of the numbers found in naturally polluted 
waters. Be this as it may, all research workers note a more or less rapid 
disappearance of bacteria when in contact with sea water. E. coli and 
the coliforms are the least resistant to destruction. 

For Weston and Edwards (1939) this happens within 24 hr. In the 
experiments carried out at Santa Monica (California Department of 
Public Health, 1943) a degree of survival from 1 to 2.5% of the coliforms 
after 24 hr. was established. Clifton (1948) gives a mortality rate of 
98.5% within 5 days. It is 97% in 48 hr. in the studies by Moore (1954b), 
and ZoBell (1936) previously obtained practically identical results. Nus-
baum and Garver (1955) register a decrease in the number of coliforms 
after a lag period, shorter in sea water, the sampling of which had taken 
place in spring. Temperature has its influence: the number decreases 
from the third day at 30°, but remains unchanged during 9 days at 5°. 
Gevaudan and Tamalet (1956) found a complete disappearance of E. coli 
in 24 to 48 hr. when they were inoculated in low concentrations into the 
water of the Mediterranean. 

In addition to these experimental studies, it is useful to examine the 
phenomena of purification taking place around the outflows for sewage 
water. Old studies show in general a rapid diminution of coliforms and 
of E. coli with increasing distance from the point of outflow. These in
vestigations were surveyed by Brisou (1954). More recently, Gevaudan 
and Tamalet (1956) show that the area into which these bacteria spread 
around the outflow has a maximum range of 500 meters in the Mediter
ranean. Actually, all these statements, both the older ones and those of 
more recent dates, were made without taking into consideration currents 
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in the surface water to which attention has been drawn by the Pasteur 
Institute. They play a paramount role in the spreading of polluted waters 
across the surface of the sea. This difficulty was avoided by determining 
in advance the presence and direction of such drifting water. On the 
other hand, the samples used were taken at depths of 50 cm. in layers 
definitely known to contain the effluents. Samples of sewage water taken 
from the mouth of the Ranee (English Channel) and on sandy beaches 
on the coast of the North Sea were studied in this way. The results of 
these studies, which took place during the warm months (from the end 
of May until the end of July), are presented in Table I. It shows that 

TABLE I 

FECAL ORGANISMS FOUND IN SEA WATER AT VARYING DISTANCES FROM 
THE POINT OF SEWAGE OUTFLOW 

Place of catch 
(meters from 

sewage outflow) 

North Sea 
10 

200 
400 

Con
forms*1 

1,000 
100 
100 

Mouth of the Ranee 
(two sewage outlets) 

10 
200 
400 

10 
200 
400 
800 

1,000 

10,000 
100 
100 

100,000 
10,000 
10,000 

100 
0 

E. colia 

1,000 
100 
100 

10,000 
100 
100 

100,000 
10,000 
10,000 

100 
0 

Strepto
coccus 

D.<* 

1,000 
40 
40 

1,000 
100 
100 

1,000 
1,000 

25 
0 
0 

Spores of 
C. per-

fringens* 

34 
16 
23 

260 
0 

33 

400 
140 
13 
46 

0 

"Fecal" 
bacterio-
phages 

+ in 1 ml. 
+ in 1 ml. 
+ in 5 ml. 

+ in 0.1 ml. 
+ in 5 ml. 
+ in 5 ml. 

+ in 0.01 ml. 
+ in 0.1 ml. 
+ in 1 ml. 
+ in 50 ml. 
+ in 50 ml. 

Salmo-
neUa 

+ 
0 
0 

0 
0 
0 

0 
0 
0 
0 
0 

* Per 100 ml. 

complete purification is not achieved within a range of 400 meters in 
the North Sea, and in the mouth of the Ranee it was furthermore in
fluenced directly by the tide. In the latter case, it is necessary to go 1,000 
meters from the outflow to find a complete disappearance of coliforms 
and of E. colt. Our results under the strict conditions in which they were 
obtained prove that in the North Sea and the Atlantic the purification 
of contaminated water is less rapid than in the Mediterranean. They 
come close to the conclusions of Aglitskii and Khait (1952), who some
times observed contamination of sea water at a distance of 3,000 meters 
from the point of outflow of sewage. 
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B. Salmonella 
It is generally considered that salmonellae are no longer found where 

E. colt and coliforms are controlled or have disappeared. This reasoning 
results from the neglect of two basic principles during experimental 
studies: 

1. The number of E. coli and coliforms in the feces is much greater 
than that of salmonellae. The law of relationship thus indicates that 
if the former are absent, the second are absent a fortiori. The observa
tions by Thomson (1955) should be brought to attention. He found 
50 X 106 salmonellae per gram of fecal substance from sick persons as 
well as from healthy carriers. It should also be kept in mind that the 
coliforms are present in small number in the normal intestinal flora of 
certain animals such as the pig, while salmonellae can occur there in 
great numbers (70 X 107, according to the Pasteur Institute studies): 

2. The resistance of salmonellae to physical and chemical agents is 
comparable to that of the escherichiae but nothing proves that this is 
also the case in sea water. 

In experimental investigations on the inoculation of salmonella cul
tures into sea water in bottles, the duration of their survival is propor
tionate to the amount of inoculate. 

Gevaudan et al. (1957) found that S. typhi at a dosage of 100,000 per 
milliliter survived under these conditions for 3 days; with a dose of 
25,000, none survived more than 15 min. in the water from the Mediter
ranean Sea. Sherwood (1952a) observed the disappearance of S. para-
typhi B (5,450/ml.) in 24 hr. and that of S. typhi (41,800/ml.) in less 
than one week. In collodion sacs immersed in the bay of San Francisco, 
Beard and Meadowcroft (1935) with an inoculation of 300 million S. 
typhi per milliliter found viable cells after 14 and 34 days. Buttiaux and 
Leurs (1953) in water from the North Sea taken out at sea found de
struction of less than 50% in 44 hr. for S. typhi, S. paratyphi B, S. enteri-
tidis, and S. typhimurium (200 to 1,800/ml.). These results are much less 
optimistic than those of Gevaudan and Tamalet and seem to be con
firmed by the findings of Lafontaine et al. (1956) utilizing comparable 
types of water; 50% of E. coli survived after 48 hr. in this water at 20 °C. 
(68°F.) and37°C. (98.6°F.). 

It has been possible to investigate salmonellae in the sea. Through 
sampling at Santa Monica, S. paratyphi B was isolated in 6 out of 10 
cases. Steiniger (1951) gave an important contribution to the study of 
this problem. He described a special abundance of S. paratyphi B in the 
waters of the port of Husum (Germany); the calculations prove that these 
bacteria could multiply, availing themselves of abundant organic sub-
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stances in the surrounding water. More recently Steiniger (1956) found 
different species of Salmonella in the waters of the port of Barcelona and 
its surroundings. S. paratyphi B, var. java, S. bareilly, S. typhimurium 
were all isolated in this area (2-8/ml.). In sea water receiving nontreated 
sewage water, Buttiaux and Leurs (1953), found S. montevideo in num
bers of 10 to 20/ml., and their counts did not diminish noticeably when 
the water was maintained at +4°C. (39.3°F.) in the bottles. 

These publications show that it is not exceptional to find viable salmo
nellae in sea water contaminated by polluted water. At the present, how
ever, it is impossible to maintain that these bacteria may be encountered 
all along the coastal area, even outside the polluted zones. These con
clusions naturally are essential in explaining the origin of salmonellae 
occasionally found in edible fish or shellfish. 

IV. Behavior of Salmonellae and Other Enterobacteria Within the Body of 
Marine Fish 

One may safely disregard papers published between 1899 and 1909. 
It is hardly possible to interpret them -in terms of the concepts now pre
vailing in bacteriology. Besides, they were reviewed by Guelin in 1952. 

Bruns stated in 1909 that body organs and flesh of healthy fresh fish 
are sterile at the moment of their catch. Later, other authors have con
firmed that fish never contain coliforms when caught in the open sea. 
Nor is there any evidence which allows the conclusion that pathogenic 
enterobacteria may be encountered there (Shewan and Liston, 1955). 
On the other hand, everybody recognizes that fish may become infected 
through their intake of food when staying in sea water contaminated by 
sewage water or polluted rivers. This rule applies also to fresh-water fish. 
Floyd and Jones (1954) found Salmonella and ShigeUa in 11% of the fish 
in the Nile. Marine fish react the same way. Griffiths (1937) isolated coli
forms exclusively in specimens which had been in contact with con
taminated water. Venkataraman and Sreenivasan (1954) confirmed this 
fact, but they found practically no coliforms in fish caught 15 kilometers 
off the coasts of Tellechery (Malabar on the west coast of India). Van 
den Broek (1948) proved the presence of salmonellae in the viscera of 
eel kept in the polluted waters of a port. Gulasekharam et al. (1956) 
found numerous salmonellae in ocean fish available on the markets of 
Colombo (capital of Ceylon). The coastal waters there are abundantly 
polluted by sewage. 

But in all these cases of contamination when the fish is staying in an 
environment contaminated by enterobacteria, these bacteria are readily 
eliminated as soon as it is returned to noncontaminated water. Conse
quently it behaves like oysters, mussels, and other shellfish, whose self-
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cleansing is reliable and rapid when they are placed in clean water. Thus 
Gibbons (1934b) noted the almost permanent absence of bacteria in the 
intestines of "fasting" fish. He is of the opinion that escherichieae do not 
normally occur in the digestive system of marine fish. Markoff (1939-
1940) thinks that fish more or less rapidly get rid of these bacteria, and 
particularly enterobacteria, which they may, however, carry temporarily. 
ZoBell (1946) is of the same opinion, but he also notes that B. aerogenes 
is found more often in fish than E. colt. This species can subsist a long 
time in fish once they have invaded them. Simultaneously studying en
terobacteria and bacteriophages of coli and salmonellae, G^lin (1952) 
came to the following conclusion regarding fish of the Mediterranean. 
On the whole, when water did not contain the bacteriophages in ques
tion, the intestines of the fish were in most cases free from the cor
responding enterobacteria. 

The studies quoted above all lack experimental tests. In fact, it is im
possible to know if fish caught some 10 miles from the coast did not 
previously sojourn in polluted zones adjacent to or at the coast. G^lin 
(1954) has supplied information of great interest obtained in a laboratory 
but under conditions close to those of nature, thanks to installations at 
the Department of Marine Biology at Plymouth. Sixty-one specimens of 
CtenolabtUs rupestris were artificially contaminated by E. coli. These 
bacteria disappeared from the intestines of the fish after 7 days in non-
infected sea water. These observations are more closely analyzed in 
Chapter 12. Unfortunately, no similar research has been carried out for 
salmonellae. They presumably react in the same way, as they are not 
pathogenic to the fish. As far as our knowledge goes, salmonellae have 
never been round to cause diseases in aquatic animals. 

V. Salmonellosis Caused by Fish Intake 

As just clarified, fish caught in distant waters, i.e., those dominating 
the fish trade, may be considered free from pathogenic enterobacteria. 
At the moment of their catch no microorganisms have been found which 
point to fecal contaminations, such as E. coli or other conforms, strep
tococci D, fecal bacteriophages, etc. The sanitary aspect is completely 
different when analyzed at the point of sale to the customer or on arrival 
at a processing plant. Spencer and Georgala (1958) isolated conforms in 
92%, 78%, and 68% respectively, of the cases during three series of 
examinations carried out in Scotland. They appeared during the handling 
or in the operation of transporting or processing. The detrimental effects 
of fecal contamination in the course of preparing frozen fish was pointed 
out by Larkin et al. (1956). The most frequent causes for these extra-
marine contaminations may be summarized in the following way: 
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1. One source may be the ice used in the holds of the ship or in 
boxes ashore, if it is manufactured from polluted water. Hompesh (1953) 
attributes an epidemic of typhoid fever in Dortmund to this factor. 

2. Lack of cleanliness in the hold is another pathway for such con
tamination. 

3. The boxes or baskets used for transportation of fish from the ship 
to the market are often charged with bacteria. They are particularly 
numerous in the film of organic substances which covers the interior 
surface owing to inadequate washing and disinfection. The Pasteur 
Institute studies gave the following figures: aerobic bacteria: 2.9 million 
per gram; E. colt: 100,000 per gram; fecal streptococci: 20,000 per gram; 
sulfite-reducing Clostridia (spores): 800 to 1,000 per gram. These bac
terial contaminations are particularly important in wooden or wicker-
work crates; they are less important in metal boxes, the cleaning and 
disinfection of which are much easier. Cianelli and Braccio (1956) point 
out that the degree of contamination decreases from 10 million to 1 in 
wood as compared to aluminum. 

4. The manual worker as a carrier of microorganisms plays, as in 
other food industries, a major part in this contamination. Observations 
by Olitzky et al. (1956) confirm this: smoked fish caused 3 institutional 
food poisonings; SalmonelL· newport was isolated in the product and in 
one of the seventy employees of the processing plant; he was in charge 
of packing the smoked fish. 

5. Poor sanitary conditions in and around the processing facilities 
may also take the blame. Badiali et al (1957) isolated S. paratyphi B in 
tuna; the place of unloading was infected by dogs, cats, and rats. 

The presence of salmonellae as a result of such unsatisfactory con
ditions during handling, transport, and processing is particularly prev
alent in fish meals used for animal feeding. In Germany, Rohde and 
Bischoff (1956) isolated salmonellae 43 times in 270 samples from im
ported meal. Clarenburg (1958) reports similar findings in the Nether
lands. These meals cause numerous infections, visible or invisible, in such 
animals as pigs and poultry, to which they are fed. The Salmonella types 
found in men in Hamburg during recent years show a surprising re
semblance to those encountered in fish meal sold in the same region. 
Handloser (1956), during a large epidemic of human salmonellosis which 
raged in Brackwede (Germany) following consumption of pork sausage, 
was of the opinion that the meat utilized in their manufacture came from 
animals fed with contaminated fish meal. 

These observations indicate that salt-water fish, jusdy considered one 
of the wholesome and sanitary foods at the time they are caught, no 
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longer possess this high degree of cleanliness when they reach the con
sumer (Hobbs, 1954). It would be a mistake to rely on the use of anti
biotics to avoid these hazards; it is essential above all to improve the 
sanitary conditions in handling, transporting, and processing. 

VI. Salmonellae in Edible Shellfish 

Salt-water fish that have been contaminated in coastal waters have 
great opportunities to eliminate the enterobacteria they have ingested 
during their stay in clean offshore waters. This problem is different for 
oysters and clams, which for their growth require a mixture of salt water 
and fresh water; the statements about optimum salinity for growth vary 
with individual research workers—from 8,750 to 30,800 p.p.m. but should 
never reach 35,000 p.p.m., the normal chloride concentration of sea water. 
The mussel and oyster beds are invariably located along the coasts and 
especially in river mouths with tidal water movements. This provides the 
shellfish with a sufficient amount of fresh water but also increases the 
risks of dangerous contamination. In addition, mollusks of the group 
Lamellibranchia filter water, which they absorb, and retain a substantial 
part of the bacteria present in the water. According to Viallanes (1892), 
an oyster 18 months old filters 5 liters of water in 24 hr.; during the same 
time, a mussel extracts 1,768 g. of silt from the water if the original con
tent thereof is 0.0546 g. per liter. Gevaudan and Gay (1958) found the 
following facts: in water containing 2,400/ml. S. typhi, only 120/ml. 
bacteria are found after 24 hr.; mussels immersed in this same water 
show, on the other hand, a count of 400 to 800/ml. after the same period. 
If a renewed contamination of the water is carried out with water con
taining a concentration of S. typhi of 3,200/ml., the mussels after 24 more 
hr. show counts of 800 to 1,600/ml. but the surrounding water only con
tains 170/ml. This concentrating action by the mollusks renders them 
hazardous to the consumer, if eaten raw and without previous purifica
tion. The contamination of sea water through fresh water or polluted 
water containing salmonellae should/therefore, be avoided at all costs 
in the zones employed for the cultivation of edible shellfish as well as in 
the natural locations for their development. Keeping in mind the studies 
discussed in Section III, B, it is obvious that salmonellae survive in marine 
environments during a sufficient length of time to be ingested in a fully 
vital stage by the mollusks. The latter, on the other hand, being com
pletely immobile, cannot benefit from any self-cleansing of water; the 
waters in which they live may, in fact, be repeatedly polluted. Finally, 
those enterobacteria that are absorbed may survive for a long time after 
the catch. Hunter and Harrison (1928), in surveying the literature, found 
that S. typhi remains alive during transportation to the consumer. Kelly 
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and Arcisz (1954) studied experimentally the behavior of S. paratyphi B 
in the flesh of oysters and clams and arrived at the same conclusion. 

These phenomena explain the frequency of salmonellosis provoked 
by oysters, mussels, and other shellfish. They have all been, and still fre
quently are, the cause of epidemics of typhoid fever, sometimes very 
serious ones. The list of observations in France of these incidents is too 
long to be presented here (Brisou, 1955). It may suffice to recall the 
United States epidemics in Chicago, New York, and Washington in 
1924-1925. They were studied by Lumsden et al. (1925); 1,500 cases 
were reported, with 150 deaths. 

It is difficult in practice, despite several controls, to avoid entirely the 
pollution of waters surrounding oyster and clam beds. Very often, de
sirable conditions are not reached (Buttiaux et ah, 1955), or, as was 
rightly pointed out by Arcisz and Kelly (1955), the growing beds for 
many clams remain rare in zones of clean water due to the fact that 
greater yields are obtained in polluted areas. It seems, thus, to be a safer 
way for public health authorities to plan for a systematic cleaning of 
mollusks before they are put on the market. The methods to be applied 
are now well-known, extensively tested in practice, and proved to be 
reliable. They are based on the following principle: mollusks contam
inated with enterobacteria free themselves from these within 24 to 48 
hr. when they are placed in water of sufficient salinity and devoid of 
bacteria. Erdman and Tennant (1956) found that this kind of self-
cleansing takes place in clams immersed into naturally clean water. In 
practice, water chemically sterilized, especially by chlorine, is very often 
used. Dodgson (1928) described the operations and precautions neces
sary to obtain satisfactory results. Allen et al. (1950) recommended a 
simpler system of closed circulation. Sherwood (1952b) insists that it is 
indispensable to dechlorinate the water prior to putting it into contact 
with the mollusks; in the presence of any traces of free chlorine, the 
latter, it is claimed, are less active and do not pump through their bodies 
suflScient amounts of water. The ensuing self-cleansing consequently 
proceeds too slowly. Ozone, like chlorine, is said to have an irritating 
effect, disturbing the normal rate of the cleansing operations. Chlorinated 
water subsequently dechlorinated is largely used for oysters in England, 
e.g., at Conway. Comparable installations are operated for clams in 
Massachusetts. It should be kept in mind, however, that a self-cleansing 
of mollusks achieved under these conditions is never complete; some 
E. colt and salmonellae always subsist at the end of 48 hr. of treatment. 
Their final number depends upon the degree of initial contamination. 
So it is indispensable to avoid fecal contamination in the grounds of 
cultivation, if safe mollusks are to be obtained. All sanitarians agree on 



514 R. BUTTIAUX 

this point, and numerous countries have prescribed appropriate measures. 
In a conference arranged by the World Health Organization (1958), 
satisfactory methods of treatment were recommended. It was also sug
gested that all sewage flowing directly into the sea in the vicinity of 
mollusk beds be chlorine-treated. 

VII. Salmonellae in Fish and Shellfish 
The sanitary standard of these products is generally defined by 

counting the coliforms or, more specifically, the E. colt and fecal strep
tococci. The search for sulfite-reducing clostridia is of less value, as these 
bacteria are normally present in marine silt. Investigations of this nature 
constitute the basis for standards prescribed in numerous countries. Only 
on rare occasions are the salmonellae included in such a routine control. 
Such a determination does, however, present very minor difficulties and 
should, in our opinion, be executed far more commonly, particularly in 
the case of edible mollusks. The procedure to follow is described below. 

A. MOLLUSKS 

The enterobacteria are particularly concentrated in the intestines and 
seem to be less abundant in the liquid between the valves. This kind of 
distribution is not uniform, however, and an examination of this latter 
liquid should not be neglected. 

The meat and the liquid between the valves of 10 oysters, 20 mussels, 
or 30 clams are collected in the most aseptic way possible, in a sterile 
glass container. The entire sample is minced in a mixer. Inoculations 
are made from this mixture into beakers containing at least 100 ml., using 
two substrates favorable to the growth of salmonellae. We use simul
taneously either two of the following three: selenite or sodium tetra-
thionate (Muller-Kauffman) or of potassium tetrathionate (Preuss). 
After 24 and then 48 hr. of incubation at 37 °C, a small quantity of the 
two substrates is transferred to selective plates for isolation on S.S.-agar, 
desoxycholate-citrate-lactose-agar or · bismuth-sulfite-agar. The latter 
should be reserved particularly for the search of S. typhi. Suspected 
colonies are isolated and identified after suitable incubation at 37°C, 
following standard procedure. It should not be overlooked that marine 
mollusks often carry achromobacteria, which sometimes grow on sub
strates recommended for the identification of salmonellae. Like these 
latter, they give noncolored colonies (lactose —) which may resemble 
those salmonellae that do not produce H2S. 

B. FISH 
It appears important to direct research not only toward identifying 

the presence of salmonellae but also toward tracing their origin. These 
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bacteria may derive from polluted waters where the fish have stayed. 
They are then present in their intestines. They may reach the fish by 
contamination in handling them subsequent to death. In this case the 
salmonellae cover the external surfaces of the fish body. The following 
procedure is recommended: fragments of the skin taken out with a 
scalpel are cut with scissors and placed in the two media described above; 
the viscera are removed completely; they are minced and inoculated in 
the same media. The subsequent operations are identical to those de
scribed above for mollusks. 

By using the preceding methods, we have encountered salmonellae 
seven times in oysters, mussels, or clams caught in coastal water receiving 
untreated sewage effluents. We have never succeeded in finding these in 
fresh fish on the retail market. The recommended techniques, however, 
are satisfactory because our investigations have been positive in estab
lishing the presence of salmonellae in fish submitted to experimental 
contaminations in aquaria. 

VIII. Conclusions 

This survey of our present knowledge regarding the Salmonella prob
lem in marine environments has brought forth evidence supporting the 
following conclusions: 

Salmonellae are spontaneously inhibited in their growth in sea water. 
Their complete disappearance, however, is delayed for a protracted 
period of time. Salmonellae carried into the sea by an outflow of un
treated sewage effluents may easily contaminate mollusks and fish in 
adjacent waters. 

Fish do not attach these bacteria to their body nor bind them when 
ingested. In this latter case, they free themselves of such salmonellae 
rather rapidly when reaching clean water. No observations of lesions or 
diseases in fish caused by salmonellae have been published up to the 
present time. For all practical purposes, fish caught off the coasts may 
be considered free from pathogenic enterobacteria. On the contrary, 
those caught in polluted littoral zones may be contaminated by such 
bacteria. Most salmonellae on fish are procured in the handling, trans
porting, or processing operations when these are carried out under in
adequate sanitary conditions. 

Edible mollusks concentrate salmonellae in their bodies. Requiring 
for their subsistence a mixture of sea water and fresh water, such mol
lusks are readily infected when sewage effluents are not strictly controlled 
in coastal areas where they grew. Shellfish have in the past caused and 
still give rise in some countries to epidemics of typhoid fever. Mollusks 
should be subject to a systematic constant control. As a precaution all 
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mollusks should be submitted to a cleaning operation in tanks prior to 
marketing. In the end the sanitary quality depends upon the hygienic 
conditions in the grounds for cultivation and the sanitary standards of 
the water. 
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