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ABSTRACT

In this study, fish’s morphologic and anatomic lesions caused by motile acromonad septicemia (MAS)
depending on environmental stress in carp, Cyprinus carpio population living in Lake Tddurge were
identified. VVarious morphological and anatomical deformations and lesions were observed in the body of
approximately 17% (252 fish specimens) of a total of 1488 carp samples. Bacteria are grown from all wipe
samples. Bacterial colonies have a gray-white appearance with round, convex and smooth edges. 15-20 cfu
colonies were observed in each aerop culture. As a result of analysis of wet wipe samples from infected
fish’s skin, gill, kidney and liver, it is determined that the bacteria which causes septicemia is Aeromonas
sobria from the Aeromonadaceae family (with 99.2% confidence value). No bacteria were grown in
cultures except A. sobria. Some symptoms of the infection are inflammation on different parts of the fish
bodies, eruption on skin and scales, dermal necrosis, degeneration at soft rays of the fins, exophthalmos,
and purulent liquid accumulation in the abdominal cavity, etc. Infected fish were most commonly
encountered in July and August (water temperature above 20°C), the lowest in October and November
(water temperature below 10°C).
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RESUMO

Neste estudo, foram identificadas lesdes morfoldgicas e anatdmicas causadas por septicemia mével por
aeromdnios (MPA), dependendo do estresse ambiental da carpa, a populagédo de Cyprinus carpio que vive
no lago Todlrge foi identificada. Vérias deformacgdes e lesdes morfoldgicas e anatdmicas foram
observadas no corpo de aproximadamente 17% (252 amostras de peixes) de um total de 1488 amostras de
carpa. As bactérias sdo cultivadas a partir de todas as amostras de limpeza. As coldnias bacterianas tém
uma aparéncia branco-acinzentada, com bordas arredondadas, convexas e lisas. Foram observadas 15-
20 colbnias de UFC em cada cultura de aerop. Como resultado da anélise de amostras de lencos
umedecidos da pele, brénquias, rins e figado de peixes infectados, € determinado que a bactéria que causa
a septicemia é a Aeromonas sobria, da familia Aeromonadaceae (com valor de confianca de 99,2%).
Nenhuma bactéria foi cultivada em culturas, exceto A. sobria. Alguns sintomas da infeccdo sdo inflamacao
em diferentes partes dos corpos dos peixes, erupcao na pele e escamas, necrose dérmica, degeneragao aos
raios moles das barbatanas, exoftalmia e acimulo de liquido purulento na cavidade abdominal, entre
outros. Os peixes infectados eram encontrados com maior frequéncia em julho e agosto (temperatura da
agua acima de 20°C), e eram menos comumente encontrados em outubro e novembro (temperatura da agua
abaixo de 10°C).
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Motile aeromonad...

INTRODUCTION

Bacterial infections, caused by motile members of
the genus Aeromonas, are among the most
common and troublesome diseases in fish raised
in ponds and recirculating systems (Camus et al.,
1988). Beaz-Hidalgo and Figueras (2013) have
also stated that Aeromonas spp. are important fish
pathogens and are a persistent threat to the
aquaculture sector. The wide-spread distribution
of these bacteria in the aquatic environment and
the stress induced by intensive culture practices
predisposes fish to infections. Motile aeromonad
infections have been recognized for many years
and have been referred to by various names,
including motile aeromonad septicemia (MAS),
motile aeromonad infection (MAI), and
hemorrhagic septicemia (HS). Whether acting
alone or in mixed infections with other organisms,
the motile aeromonads are responsible for
significant financial losses annually. All species
of fish, scaled or unscaled, are susceptible to
infection. Under certain conditions, mortalities
can approach 100 percent (Camus et al., 1988). In
many cases, infections caused by mesophilic
motile Aeromonas species show pathological
lesions that may only be seen in the skin or
internal organs. Motile aeromonad septicemia is a
clear example of a stress-induced disease that
affects freshwater fish (Figueras et al., 2011,
Beaz-Hidalgo and Figueras, 2012; Kozinska and
Pekala, 2012).

Natural habitats of the Aeromonas group bacteria
are aquatic environments. It has been identified
that these bacteria are in the fresh waters, brackish
waters and sea waters, fish production pools, soil,
natural spring waters, lentic systems, sewage
waters, both unchlorinated and chlorinated water
supplies (Kandil, 1976; Colak, 1982; Araoju et
al., 1991; Akan, 1993; Marcel et al., 2002; Timur
and Timur, 2003; Janda and Abbott, 2010; Ashiru
et al., 2011).

Several investigations have shown that members
of the genus Aeromonas are also widely
distributed in various foods such as vegetables,
meat, fish and chicken. Thus, foods have been
suggested as a vector in the dissemination of this
pathogen (Radu et al., 2003; Janda and Abbott,
2010). Aeromonas group bacteria from the
Aeromonadaceae family are opportunistic
pathogen microorganisms in the humans and
amphibians, turtles and crocodiles from cold
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blooded organisms and especially in fish and in
conditions of stress, such as an increase in water
temperature, poor water quality, excessive
handling, etc., they are major cause for epidemic
outbreaks (Akan, 1993; Merino et al., 1995;
Timur and Timur, 2003; Noga, 2010; Beaz-
Hidalgo and Figueras, 2012, 2013). Virulence of
Aeromonas spp. is multifactorial and not
completely understood (Pablos et al., 2009).
Among these, Aeromonas hydrophila, Aeromonas
caviae and Aeromonas sobria are motile and they
are agents of two important disease groups in
humans such as septicemia and gastroenteritis
(Austin and Austin Allen, 1985; Janda, 1991;
Merino et al., 1995; Kapetanovic et al., 2005;
Beaz-Hidalgo and Figueras, 2013). It is known
that bacteria isolated from freshwater fish are
mostly in the Aeromonas group (Austin and
Austin Allen, 1985; Kapetanovic et al., 2005) and
these bacteria increase in freshwater lakes in
summer months (Rippey and Cabelli; 1989).

A. sobria is classified as facultative anaerobic rod
and gram-negative bacteria. This bacterium with
mesophilic character are motile employing a
single-polar flagellum. Depending on stress, it can
cause various infections in fish with weak
immune systems (Kandil, 1976; Akan, 1993;
Harikrishnana and Balasundaram, 2005; Majtan
et al., 2012; Beaz-Hidalgo and Figueras, 2013).
The lake consists of a great biodiversity especially
economically the carp population takes an
important place in fish fauna of the lake (Unver
and Yildirim, 2011). In the course of fish
sampling studies, carp samples with various
wounds and deformations on their bodies were
seen; some dead fish were also detected. In this
study, morphological and anatomical damages
seen in fish and the reasons for consequential
deaths were analyzed.

MATERIALS AND METHODS

39° 53' north and 37° 36' east coordinated lake
(Zara-Sivas) is located in the Kizilirmak River
Basin of Central Anatolia and about 56 km far
away from the Sivas city center. Its altitude above
sea level is 1295 m high and its surface area is 350
ha. Lake Tddurge is one of the largest karstic lakes
in Turkey. The average depth of this shallow lake
is 2 meters. C. carpio living in Todurge has
economic importance. They are intensively
hunted by local people and fishermen. The
ichthyofauna of the lake consists of eight fish
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species (Unver and Erk’akan, 2011; Unver and
Yildirim, 2011)

For morphological and anatomical investigations,
sixty carp samples with various wounds and
deformations on their bodies were taken from the
lake with gillnets and trammel nets with 10-32
mm mesh sizes. The fish caught were anesthetized
with MS-222 solution (0.1 g /) and brought to the
laboratory in iceboxes. All fish samples were
examined morphologically and anatomically.
Besides their ages and sexes were identified. Eight
wipe samples were taken from skins, gills,
kidneys and livers of the fish for bacteriological
analyses. Preparations were made for gram
staining from these wipes. For aerobe culture,
placing was performed into 5% sheep blood agar
(Oxoid) and eosin-methylene blue (EMB) agar
(Merck) mediums.

It was incubated for 48 hours in 36 +1°C
incubator. For anaerobic culture, placing was
performed into anaerobe agar (Merck) and
Schaedler agar (Acumedia) plate. It was incubated
for 96 hours in 36 +1°C incubator. Aerobic
cultures were again checked after a day. Bacterial
colonies growing on agar were identified using
gram staining and APl 20 NE (bioMérieux)
biochemical test Kkits. Non-productive plates
incubated one more day. Due to non-productive
anaerob culture plates in four days of incubation,
they incubated for another three days.

RESULTS AND DISCUSSION

A total of 1488 carp samples (652 male, 836
female) were obtained from the lake. Ages of the
samples changed between I-VI11 years. Fork length
ranged between 70-386 mm and body weight was
between 13.0 and 966.2 g. VVarious morphological
and anatomical deformations and lesions were
observed in 252 of 1488 carp sample, which
corresponds to about 17%. For morphological and
anatomical investigations, 60 samples were
selected from these fish. Eight wipe samples were
taken from skins, gills, kidneys and livers of the
fish for bacteriological analyses and preparations
were prepared for gram staining. Bacteria are
grown from all wipe samples. Bacterial colonies
have a gray-white appearance with round, convex
and smooth edges. 15-20 cfu colonies were
observed in each aerop culture. Microscopic
examination of these bacteria colonies revealed
that the colonies consisted of gram (-) bacilli.
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When the bacteria were identified from these
gram (-) bacterial colonies with the APl 20 NE
(bioMérieux) biochemical test kits, with 99.2%
confidence value, it was detected that the bacteria
named Aeromonas sobria causes various
morphological and anatomical deformations and
inflammation in fish as seen from Table 1. No
bacteria were grown in cultures except A. sobria.
It was determined that fish deaths were caused by
motile aeromonad septicemia (MAS). All
symptoms of the infection are seen in almost each
age group and they are more common and severe
in individuals older than I1l. The majority of the
dead fish are the individuals older than VII. There
was no difference between sexes in terms of
incidence frequency and severity of the infection.
Infected fish were frequently seen when the lake
water’s temperature is over 20 °C in July and
August. Fish deaths reached also a peak in these
months. Infected fish were rarely seen in Autumn
(in October and November) with decreasing of the
water degree above 10°C.

Motile aeromonad septicemia was seen only in
carp samples. No signs of infection were detected
in the other 7 fish species living in the lake. Motile
Aeromonas species (A. hydrophila, A. sobria, and
A. caviae) are one of the most common bacteria
types in freshwater ecosystems (Austin and
Austin Allen, 1985; Kapetanovic et al., 2005;
Beaz-Hidalgo and Figueras, 2013). The well-
established method for manual microorganism
identification to the species level, bioMérieux’s
APl identification products are test kits for
identification of gram (+) and gram (-) bacteria.
As a result of bacteriological analyses of wipe
samples taken from carps living in Lake TodUrge,
A. sobria type bacteria were isolated (APl 20 NE;
with 99.2% confidence value).

A. sobria is a facultative anaerobic and gram-
negative bacterium. This bacterium with
mesophilic character are motile by means of a
single-polar flagellum. Aeromonas have two
types of flagella (polar and lateral) responsible for
their motility. Recent studies have demonstrated
that all motile Aeromonas species produce a
single polar flagellum, which allows the bacteria
to swim through a liquid environment (Canals et
al., 2007; Wihelms et al., 2009). It is known that
A. sobria, an opportunistic pathogen, can cause
various infections depending on stress in fish
whose immune systems are weak.
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Table 1. Biochemical characterization of Aeromonas sobria isolated from infected carp specimens (API 20

NE; biochemical test)

Reference: 19152
Very good identification

Strip: APl 20 NE V6.0

Profile:7 1 76 755

NO3+ TRP+ GLU+ ADH+ URE- ESC- GEL- PNPG+ GLUa+ ARAa- MNEa+
MANa+ NAGa+ MALa+ GNTa+ CAPa+ ADla- MLTa+ ClTa+ PACa- OX+
Significant rate % Id. T Tests against
Aeromonas sobria 99.2 1.00 0
Next choice 0.7 0.72 2

Aer. hydro./caviae

ID. Not valid before 48-h incubation!

Aeromonas sobria:

0 test (s) against

Next choice

Aer. hydro./caviae :

2 test (s) against

Esculine (Hydrolyse) (Esc) 89 %

L-arabinose (assimilatio) (ARAa) 80 %

Stress in particular is the major reason for
increased sensitivity of the fish against the
bacteria  (Kandil, 1976; Akan, 1993;
Harikrishnana and Balasundaram, 2005; Noga,
2010; Figueras et al., 2011; Beaz-Hidalgo and
Figueras, 2012, 2013). Environmental stress
factors, particularly those associated with poor
water  quality  conditions, enhance the
development of disease. These factors include
high water temperatures, high ammonia and
nitrite levels, pH disturbances, and low dissolved
oxygen levels (Camus et al., 1988; Noga, 2010;
Figueras et al., 2011; Beaz-Hidalgo and Figueras,
2012, 2013). An intensive culture system and poor
physiological and environmental conditions make
the fish susceptible to diseases (Couch, 1975;
Noga, 2010; Beaz-Hidalgo and Figueras, 2012,
2013). These stressors adversely alter the immune
response of the fish (Snieszko and Bullock, 1976).

Lake Todulrge is a shallow and small lake. Its
surface area and average depth is 350 ha and 2
meters, respectively (Unver and Erk’akan, 2011).
Speedboat and jet-ski have been frequently being
used with sportive purposes in spring and summer
period (this period corresponds to reproduction
period of C. carpio) for several years. These
human activities caused high wave motions and
sudden changes in the water level, noise, turbidity
increase, decrease in dissolved oxygen level,
increase in water temperature, less transparency
of water and chemical pollution. These physical
and chemical changes both have restricted living
areas of carp specimens in shallow and small Lake
Todurge and adversely affected feeding and
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reproduction activities. It caused stress and
accordingly caused decreasing in immune
functioning in fish. The reason for the motile
aeromonad septicemia seen in C. carpio
population is being considered as negative results
of these anthropogenic activities.

Aeromonas outbreaks are usually seasonal, with
peaks in the spring to early summer and in the fall
when water temperatures are between 18 to 29°C.
Spring outbreaks may be related to decreased
disease resistance in fish that are in poor condition
from overwintering or after spawning (Camus et
al., 1988). Similarly, Rippey and Cabelli (1989)
state that Aeromonas group bacteria increase in
freshwater lakes in summer months. The
incidence of the disease appears related to
environmental factors (Noga, 2010; Beaz-Hidalgo
and Figueras, 2012, 2013). Meyer, studying
seasonal fluctuations in the incidence of disease
on fish farms, noted that the infection incidence
peaked in April and August and remained highest
during the summer months (Ribelin and Migaki,
1975). In the presented study, infected carp
samples and dead fish were mostly seen in July
and August when lake water is above 20°C.

Motile aeromonad septicemia occurs as an acute
or chronic or latent infection (Cipriano et al.,
1984; Kozinska and Pekala, 2012; Beaz-Hidalgo
and Figueras, 2013). In the chronic form, dermal
ulceration and muscle necrosis are the most
prominent symptoms (Bullock et al., 1971).
Physical and behavioral symptoms of the
Aeromonas infections are various. Lesions have
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been reported in skin, muscle, liver, intestine,
heart, spleen, and pancreas. There are small
bleedings on fish skin and fin bases, swollen
abdomen and prominent eyes in infected fish.
Fluid accumulation in abdomen, swollen liver and
spleen and water-filled intestines are internal
symptoms (Kandil, 1976; Akan, 1993; Kozinska
and Pekala, 2012; Beaz-Hidalgo and Figueras,
2013). All typical symptoms of the motile
acromonad septicemia were observed in carp’s
Lake Tddurge population.

Motile aeromonad septicemia’s symptoms are
seen in Figure 1 and Figure 2. Motile aeromonad
septicemia caused by A. sobria emerges with
inflammation on different parts of the fish bodies
at the beginning. This hyperemia is common on
fish’s head region, cheeks, lower parts of
operculum, and base parts of pectoral fins and was
also partially observed on sides and abdomen
region of the body (Figure 1a). In advanced
stages, hyperemia spread to all parts of the body.
Partially degeneration starts on skin and scales of
the fish (Figure 1b). The epidermis and dermis
then undergo necrosis. Necrosis was observed
especially on predorsal region, between pectoral
and pelvic fins (Figure 1c). At this stage of the
infection, inflammation on fins and fin bases and
wounds on the nose area of some fish specimens
were determined (Figure 1d). Dermal ulceration
spreads throughout the body and turns into deep
crater-like wounds. This necrosis was irregularly
seen particularly on sides of the body (Figure 1e).

Dermal ulcers were observed on the underside of
the eye in some fish (Figure 2a). In advanced
stages of the infection, it was detected that dermal
necrosis turned into muscle necrosis and it
reached vertebrae by deepening (Figure 2b). In
some fish, anal fin branched rays were completely
degenerated, whereas caudal fin branched rays
were  partially  degenerated  (Figure2c).
Exophthalmus was detected in the eyes of the
many fish (Figure 2d). At the last stage of the
aeromonad septicemia, it was observed that the
abdomen of the fish was swollen (Figure 2e).
After an examination, a purulent liquid was found
in the abdominal cavity.
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Figure 1. Morphological symptoms of motile
aeromonad septicemia (MAS) in C. carpio (a-€).

Within this period, it was determined that fish
movements slowed down, and fish had difficulty
staying at a certain level in water vertically. Fish
that reaching the final stage of the infection are
generally located shoreline and die in a short time.
Fish deaths were more seen in older ones (VII
ages group and older). Dead fish were collected
from the lake by means of a scoop net to reduce
the prevalence of infection and buried in deep
holes. Aeromonas infection never remains as a
chronical problem. The important thing is
determining the stress factor which weakens
immune system of the fish against bacteria and
removing it (Kandil, 1976; Akan, 1993; Noga,
2010; Beaz-Hidalgo and Figueras, 2012, 2013).
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Figure 2. Morphological symptoms of motile
aeromonad septicemia (MAS) in C. carpio (a-e).

CONCLUSION

It is believed that the cause of motile aeromonad
septicemia in C. carpio population is the
anthropogenic activities. All typical symptoms of
the motile aeromonad septicemia were observed
in Lake Todurge.
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