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Introduction

Aeromonas hydrophila has long been recognized as a disease agent in fish and frogs and is
gaining recognition as a human pathogen (1). The link between the microorganism and extra-
intestinal infections (e.g., of skin and soft tissue) is firm, while that with gastro-intestinal
infections awaits final confirmation (10). Members of the A. hydrophila group can be isolated as
the sole pathogens from cases of diarrhea in humans, especially children. While these
microorganisms occur widely in the environment, particularly in water and ultimately in foods
exposed to these waters, the source of human isolates and thus the link between environment and
human disease has not been identified. The objectives of this review are to discuss sources of the
organism, behavior of the microorganism in the environment and foods, traditional phenotypic
characterization of food and human isolates, and finally characterization of isolates using newer
techniques which ultimately indicate that the human and food isolates are generally different.
Also to be considered are the observations that culturing the microorganism at temperatures
below 37°C can enhance significantly the expression of virulence associated factors. Thus,
clinical microbiologists must continue seeking the source(s) of those isolates capable of causing

human diarrheal disease.



Occurrence

Microorganisms of the Aeromonas hydrophila group occur widely in the environment, in
various foods, particularly those of animal origin (red meat, fish and seafood, poultry, raw milk),
in vegetables, and in many water supplies where their numbers generally increase during the
summer months. Both clinical and food isolates are capable of growth in food, water and culture

media at temperatures from 0-5 to 42/43°C.

Control

Because of the microorganism’s. ability to grow in foods at 0-5°C, low temperature holding
by itself can not be used to restrict its growth. Work in our laboratory (13, 14, 15, 16) has
defined the individual levels of NaCl, pH, and NaNO, which inhibit this organism (Table 1), and
determined that combinations of factors can be more effective (Table 2). In other studies, we
observed that the identity of the acidulant used to achieve acidic conditions is important, with
acetic and lactic acids being particularly inhibitory, and in many instances, lethal (14). We have
used the multifactoral approach to the study of inhibiton of A. hydrophila by various
combinations of temperature, NaCl, pH, NaNO,, and atmosphere. This type of study yielded a
series of polynomial equations which then permits researchers to predict changes in the growth
response of the organism in response to changes of culture/food conditions and formulation (15,
16).

Table 1. Control of growth of A. hydrophila.

Temperature: S to 42/43°C (some reports of growth at 0°)
pH: 531084 ‘
acidulant important (in order of permissiveness):
HC1> H,S0, > tartaric > citric > lactic > acetic
NaCl: 0t04.5%
NaNO,: 200 ppm

atmosphere: facultative anaerobe (may grow in a N, atmosphere)




Table 2. Influence of temperature on pH and NaCl limits for A. hydrophila K144 (grown
aerobically in BHI broth):

Temperature, °C Limits of
pH % NaCl
28 G*at5s.5 G at 4.5¢
NG® at 4.5
4 NG at 5.5 Gat35
NG at 4.5
8 G = growth

®NG = no growth
¢ highest level tested

In addition to controlling the growth of A. hydrophila by various combinations of
temperature, pH, NaCl, etc, the organism can readily be killed by either heat or irradiation (13).
For example, the decimal reduction times (D-values) for five strains of the organism in raw milk
at 48°C range from 3.20 to 6.23 min; in ground beef or bluefish, the irradiation decimal
reduction treatment is 0.14 to 0.19 KGys. Thus, the presence of A. hydrophila can easily be
eliminated by most of the commonly employed thermal processing operations on foods or by

irradiation.

Characterization of Isolates

Investigators have examined clinical and environmental (food and water) isolates of the A.
hydrophila group for the presence of potential rvirulence factors such as cytotonic and cytotoxic
enterotoxins, hemolysins, proteases, hemagglutinins, and endotoxins (lipopolysaccharide) (3, 4,
S, 6, 12) as well as specific biochemical reactions generally associated with the presence of
individual virulence-associated factors. Using this approach of characterizing isolates, it was
observed that clinical isolates are similar to environmental isolates in terms of biochemical traits
and possession of virulence-associated factors (5, 6, 12). Thus, any attempt to determine the
source of these organisms in human diarrheal disease has not proved fruitful. In addition, the
negative human feeding study described by Morgan et al (10) utilized human isolates which
produced cytotoxin (Y-1 adrenal cells), hemolysin, and enterotoxin (suckling mouse assay); the

isolates also were lysine decarboxylase positive and produced acetylmethylcarbinol and DNase.



Currently, there are several newer techniques available which can allow epidemiologists to
compare various food and environmental isolates and determine which are the same, thus the
source of the clinical isolates can be identified. These techniques include gas liquid
chromatography of cell wall fatty acid methyl esters (FAMES) (4), multilocus enzyme
electrophoresis (MLEE) (19), biochemical fingerprinting (7), and ribotyping (11).

In contrast to the traditional biochemical characterization and speciation which showed
similarities between the enrivonmental and clinical isolates, these newer techniques indicated
differences. In their comparison of drinking water and diarrheal isolates, Havelaar et al 4)
found that biotyping alone was of little value for epidemiology of the strains; however, GLC of
cell wall FAMES gave distinct profiles which indicated that there was little overall similarity
between Aeromonas isolates from the two sources. Kuhn et al (7) described the technique of
biochemical fingerprinting using a commercial microtiter plate test kit in which the growth
response of cultures on 48 different substrates is determined. With this approach, they observed
differences between food isolates and those from water. Tonolla et at (19) studied the genetic
relationship between clinical and environmental isolates of Aeromonas strains with multilocus
enzyme electrophoresis and determined that clinical isolates were genetically distinct from those
collected from the environment. Moyer et al (11) used rRNA gene restriction (rDNA) patterns
(ribotyping) to compare aeromonads isolated from clinical and environmental sources. With this
technique, they were able to determine that the microorganism involved in an outbreak of
gastroenteritis was A. caviae and that water from an unchlorinated well was the source of the
organism. Thus, this technique permitted a ready identification of the source of the isolates and
origin of the outbreak.

The basic questions are 1) "is food and water the vehicle of microorganisms of the A.
hydrophila group which cause gastroenteritis?" and 2) "do we know what constitutes the
mechanism by which the A. hydrophila group causes gastroenteritis?" Two different answers can
be given to the first set depending on which technique the epidemiologist uses to characterize and
identify the strains. Biochemical fingerprinting, FAMES, and MLEE suggest that environmental
(food and water) isolates are different from clinical isolates, and ribotyping proved useful for
determining the source of disease-causing isolates of a waterborne outbreak.

The answer to the second is less straightforward. We know that both human and

environmental isolates of the A. hydrophila group possess factors associated with virulence in



other bacteria (3, 12). As mentioned above, the feeding study described by Morgan et al (10)
failed to produce gastroenteritis in volunteers even though the isolates used possessed the
virulence-associated factors of cytotoxin (against Y-1 adrenal cells), hemolysin, and enterotoxin
(suckling mouse assay); their strains were positive in the rabbit ileal loop, but did not produce
mannose-resistant hemagglutinins. Their biotype was VP+, LDC+, and DNase+. One
possible explanation for the negative results from the feeding study may lie in the observation
that temperature can have an effect on the expression of pathogenicity and virulence-associated
traits (Table 3). It is likely (though unstated) that Morgan et al (10) employed 37°C for
culturing their isolates. As can be seen in Table 3, temperature can have a major influence on
the expression of several virulence-associated factors, with increased expression at lower
temperatures. Thus, the strains used in any future feeding studies should be grown at room
temperature or below; for food isolates, these should be grown at 5°C, the suggested holding
temperature for most refrigerated foods.

Sherlock et al (18) who found that, based on frequency of isolation, 4. hydrophila will
preferentially colonize the bowels of immunocompromised patients (neutropenic patients and bone
marrow transplant recipients).

In conclusion, the 4. hydrophila group exists widely in food and wéter. Conventional
identification and characterization techniques (biochemical and virulence associated factors)
indicate that food and water isolates are similar to clinical isolates. However, newer techniques
such as FAMES, MLEE, and biochemical fingerprinting of Aeromonas isolates have indicated
that clinical isolates appears to a unique subset of the A. hydrophila group and distinct from those
strains isolated from food and water. In a small outbreak of gastroenteritis associated with well
water, ribotyping appeared to be a useful technique to trace the origin of the clinical isolates (11).
Future research in this area should include: a) identification of possible new virulence associated
factors, especially the importance/relationship of pili to gastroenteritic disease, and the use of
additional epidemiological tools to characterize the specific subset of microorganisms of A.

Two further observations should be mentioned. The first is that of Kirov et al (5) who
observed that environmental isolates which produced enterotoxin possessed numerous pili.
However, these structures appear to be lost after infection, since isolates from patients with
diarrhea were poorly piliated. From studies of other pathogens it is known that the presence of

pili often contributes to the virulence of microorganisms (5). The second observation is that of



Table 3. Effect of temperature on the expression of virulence-associated factors and
pathogenicity of A. hydrophila cultures.

Factor Observation Reference

mouse LDsq lower with cells grown at 10° vs. 17
30°C.

serum 20°C grown cells resistant; 37°C 9

sensitivity/resistance grown cells sensitive.

LPS 20°C grown cells smooth; 37°C 9
grown cells rough.

titer of extracellular products increased in 20°C grown cells 9

--protease compared to 37°C grown cells

--hemolysin

--cytotoxin

mouse and fish LDsq lower for cells grown at 20°C
compared to 37°C 9

human isolates:

protease decreased activity at 37°C 8
more at 37°C than at 28°C

hemolysins and cytotoxins 8

environmental isolates:

protease, cytotoxin, production decreased at 37°C vs. 8

hemolysin

28°C

fish LDSO

human isolates
food isolates

lcwer at 7° vs. 25°C
lower at 25° vs. 7°C

[39]




hydrophila group capable of causing gastroenteritis in humans; and b) the use of temperatures

below 37°C to characterize and describe the activities of isolates since lower temperatures of

incubation have been shown to increase the expression of virulence associated factors such as

hemolysin, proteases, and cytotoxins.
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