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Blue tilapia, Oreochromis aureus, was experimentally infected with Aeromonas hydrophila, a bacterium
that damages the gills, liver, and intestine, resulting in histopathological changes in the infected organs.
Our histopathological study showed an aggregation of hemocytes with cell necrosis in gills; a massive
aggregation of hemocytes and pyknotic nuclei in the hepatopancreas; and a lower rate of hemocyte
aggregation in the digestive system of the infected fish.
� 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Tilapia is the second most farmed fish worldwide, and its pro-
duction has multiplied over the past decade because of its suitabil-
ity for aquaculture, good marketability and stable prices (Wang
and Lu, 2016). Aquaculture is hampered by a wide range of
microorganisms causing diseases (Van Hai, 2015). Aeromonas
hydrophila is a bacterial pathogen that results in high economic
losses causing a disease known as motile septicemia or hemor-
rhagic septicemia.

A. hydrophila, as a food-borne pathogen, causes zoonotic dis-
eases (Guz and Kozinska, 2004). It can cause local pathology to
the host tissue. The host’s reaction may be in the form of tissue
proliferation, degeneration and inflammation (Stratev et al.,
2015). A. hydrophila can be a pathogenic agent not only for fish,
amphibians and reptiles, but also for mammals, including humans
(Aoki, 1999; Janda and Abbott, 2010; Lallier and Higgins, 1988;
Plumb and Hanson, 2011; Stratev et al., 2015; Trott, 2006). A.
hydrophila can be isolated from estuarine waters, marine, brackish
and freshwaters (Aoki, 1999; Dias et al., 2016; Janda and Abbott,
2010; Lallier and Higgins, 1988; Trott, 2006). Freshwater environ-
ments, especially with a high organic load, are normally considered
to be natural habitats of A. hydrophila, but recent evidence from
Japan and USA suggest that it may also be a part of the resident
gut flora of fish (Sreedharan et al., 2012).

Motile Aeromonas septicemia displays chronic characteristics
that persist for weeks, during which time the mortality rate
increases gradually and the cumulative mortality can be high
(Plumb and Hanson, 2011; Zhang et al., 2016). A. hydrophila patho-
logical findings have recently been studied on other fish species
(Abdelhamed et al., 2017; Hamid et al., 2017; Kumar et al., 2016).

Degenerative histopathological changes were commonly
observed in organs such as kidney, liver, gills, stomach and spleen.
Other Aeromonas spp., such as A. jandaei and A. veronii, have also
been studied recently and similar clinical signs and histological
manifestation have been observed (Dong et al., 2017).

Aeromonads are considered to be opportunistic pathogens, cap-
able of causing diseases only in weakened fish populations or as
secondary invaders in fish suffering from other diseases (Roberts,
2012). The pathogenic A. hydrophila is common in freshwater habi-
tats worldwide, and frequently causes disease in cultured and feral
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fish (Laith et al., 2014). An outbreak of motile Aeromonas sep-
ticemia in channel catfish (Ictalurus punctatus) in USA farms has
stepped up Aeromonas studies (Abdelhamed et al., 2017;
Baumgartner et al., 2017; Peatman et al., 2017; Zhang et al.,
2016) and increased the need to study this possibly highly virulent
A. hydrophila also in other important fish species. The aim of this
study was to identify histopathological symptoms caused by bacte-
rial A. hydrophila in the organs of blue tilapia Oreochromis aureus.
2. Materials and methods

Skin samples from A. hydrophila infected blue tilapia from ponds
of the Marine Center Science, Unversity of Basrah, were transferred
to tryptic soy agar (TSA) medium and incubated, resulting in the
growth of many bacterial colonies. A. hydrophila was identified
according to (Hossain et al., 2013); macroscopic observations
included size, shape and pigmentation seen from inside, beside
and top; microscopic analysis was done by Gram staining and
observing the color and shape of bacteria; biochemical tests were:
Motile, indol, O/F and H2S. A specific medium, Rimler-Shotts Agar,
was used to confirm the isolated bacteria (Sayed, 2010). Cell den-
sities were photometrically obtained at a wavelength of 590 nm
(Saulnier et al., 2000), based on the McFarland standard and seri-
ally diluted to reach the target density (1 � 107 CFU). A total of
20 fish was used for the laboratory experiments from October
2015 to February 2016 (total weight 80–90 g). Four ponds, where
fish were farmed, were sampled, five blue tilapia from each pond.
Fifteen fish chosen randomly were injected with the dose of 1 �
107 CFU per fish (injected intraperitoneally with 0.5 ml); this dose
was selected as the challenger dose according to Brooks et al.
(2015). Five fish were used as controls. The blue tilapia was mon-
itored for 10 days after being infected to study the histopatholog-
ical changes in their organs.

For the histopathological study, tissue specimens of the skin,
gills, liver, and intestine were excised, rinsed in normal saline,
and fixed in a 10% formalin buffer for 24 h. After fixation, the
Fig. 1. Pathological changes in lamellae tissues of blue tilapia. A: Normal gill lamella in c
(H&E, X1000), C: Necrosis and hemocyte aggregation (H&E, X 1000).
tissues were dehydrated in an alcohol series of ascending concen-
tration (70%, 80%, 90%, and 100%, respectively), embedded in paraf-
fin and sectioned at 5 mm and the tissue sections were stained with
hematoxylin-eosin (H&E).
3. Results and discussion

The histopathological study showed degraded hemocytes with
cell necrosis and aggregation in gill tissue (Fig. 1A –C); a massive
aggregation of hemocytes and pyknotic nuclei in the hepatopan-
creas (Fig. 2D –F); and a hemocyte aggregation in the digestive sys-
tem (Fig. 3G, H) of the infected fish.

The histopathological results of A. hydrophila infection in blue
tilapia showed massive hemocyte aggregations in the hepatopan-
creas and fewer aggregations in the gills and digestive system,
which may be caused by stress. Abundant hemocyte aggregations
in the hepatopancreas indicated that the hepatopancreas is possi-
bly the target organ for hemocyte aggregation and bacterial
pathogenesis.

Our findings were much similar to the symptoms found in other
fish species (Abdelhamed et al., 2017; Alsaphar and Al-Faragi,
2012; Cipriano et al., 1984; Khamees et al. 2013; Kumar et al.,
2016; Stratev et al., 2015). Many studies showed that the chronic
infections of A. hydrophila have led to dermal ulceration lesions
with focal hemorrhages and inflammation. The arrangement of
hepatocytes in the liver has shown some cells with vacuolation
and severe necrosis. Our results were also similar to those of Afifi
et al. (2000), where toxins and extracellular products produced
by A. hydrophila, such as hemolysin, protease, and elastase, caused
severe necrosis in the liver. Histopathological studies on Nile tila-
pia (O. niloticus) with bacterial septicemia indicated perivascular
cuffing of haepatopancreatic hemolymph vessels and granulocytic
hemocyte aggregation in the heart, gills, haepatopancreas, anten-
nal gland, abdominal muscle, and connective tissue (Afifi et al.,
2000; Yardimci and Aydin, 2011).
ontrol fishes, (H&E, X 1000). B: Infected gill lamella, hemocyte aggregation (arrow)



Fig. 2. Pathological changes in the haepatopancreas of blue tilapia. D: Normal in cells of the haepatopancreas in control fishes (H&E, X 1000). E: Infected haepatopancreas,
hemocyte aggregation (long arrow) and pyknotic nuclei (small arrow) (H&E, X 1000). F: Massive hemocytes aggregations are infiltrated (arrow) (H&E, X 1000).

Fig. 3. Pathological changes in the digestive tract of blue tilapia. G: Normal digestive tract tissue in control fishes (H&E, X 400). H: Infected fish, Hemocyte infiltration in
digestive system (arrow) (H&E, X 1000).
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Stratev et al. (2015) noted that the most histopathological dam-
age was seen in the functional epithelium of the liver and kidneys,
followed by the intestines and heart. In addition, they found vari-
ous hemorrhages in the interstitial tissues of visceral organs and
some skin hemorrhages on the ventral surface of the body and anal
regions. Generally, pathological damage included degenerative
changes such as cloudy swelling, granular and/or hyaline droplet
degeneration, or vacuolation in the functional epithelium of the
respective internal organs.

4. Conclusions

This study suggests that freshwater fishes could always be
under the threat of Aeromonas infection, since the species are com-
mon in freshwater environments. Aeromonas spp. might also pose a
threat to public health, especially to people who come into contact
with diseased fish. The study clearly shows that typical histopatho-
logical alterations seen in the functional epithelium of the gill,
liver, and intestinal tissues are good biomarkers for the field
assessment of Aeromonas bacterial disease in blue tilapia.
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