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The ornamental fish industry has spread globally and it involves many different
species of freshwater and marine fish. It is important to detect infectious
diseases in aquarium fish due to their economic value and for the welfare of
these animals. A case in which there was mass mortality of valuable exotic
aquarium fish, Tropheus spp. was determined in July 2021, and the causative
agent of infection was studied. The clinical and pathological symptoms of the
disease were determined and the mortality rate recorded. After bacteriological
examination, pure colonies were found to be present in tryptic soy agar (TSA)
from bacterial isolations of the kidney, liver and spleen of the diseased fish.
Gram stain, motility, oxidase and catalase activity of the isolated bacteria were
determined and API 20E tests were used to provide the biochemical profile of
the strain. Both juvenile and adult Tropheus spp. individuals were affected and
100% mortality was observed. Erratic swimming, inappetence, darkened skin,
exophthalmus, abdominal distention, petechial hemorrhages on the skin, and
hemorrhages on the fin bases and around the anus and mouth were found.
Enteritis, gronulomas in the kidney, spleen, and pale liver were observed at
necropsy. Gram-negative motile rods were identified as Citrobacter freundii by
biochemical and 16s rRNA sequence analyses. To our knowledge, this is the
first report of C. freundii infection in Tropheus spp., which is one of the

valuable aquarium cichlid species.

Introduction

The ornamental aquatic industry, which includes plants, invertebrates, and
fish, has a global reach, and almost two million people are involved in it
worldwide (Dominguez and Botella 2014; King 2019). Currently, more than
5300 freshwater fish species, estimated to be more than a billion fish, are
evaluated internationally every year (Helfman 2007; Hulme 2009; Collins
et al. 2012; Maceda-Veiga et al. 2016). The ornamental fish industry, which
involves breeders, retailers, collectors, importers and exporters, has
international trade numbers of more than $15 billion with increasing demand
(King 2019; Raja et al. 2019).
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Bacterial diseases are frequent and common in ornamental fish; most of
the bacteria present in the intestinal microbiota of fish are ubiquitous in
the aquatic environment (Cardoso et al. 2019). When the balance in an
ecosystem changes due to external factors such as poor water and feed
quality or temperature fluctuations, bacteria, which are mostly opportunistic,
become pathogenic to fish (Pandey 2013; Cardoso et al. 2019). Most bacterial
diseases are reported to be Gram-negative pathogens belonging to the
Aeromonas, Edwardsiella, Flavobacterium (Flexibacter), Pseudomonas, Vibrio,
Mycobacterium, and Citrobacter genera (Lewbart 2001).

Citrobacter freundii (C. freundii) is a Gram-negative bacillus that belongs to
Enterobacteriaceae and has been reported to be an opportunistic pathogen
(Toranzo et al. 1994; de Pidua et al. 2014). Sato, Yamane, and Kawamura
(1982) published the first report of this bacillus as a causative agent of disease
from a systemic infection among sunfish (AMola mola), then subsequently
isolated it in doctor fish (Garra rufa obtusa) (Baeck et al. 2009), native
Brazilian catfish (Pseudoplatystoma) (de Pidua et al. 2014), tilapia
(Oreochromis mossambicus) (Thanigaivel et al. 2015), giant gourami
(Osphronemus goramy) (Honein et al. 2016), Japanese eel (Anguilla japonica)
(Cao et al. 2016), stingray (Potamotrygon motoro) (Sun et al. 2018), catfish
(Rhamdia quelen) (Junior et al. 2018) and rainbow trout (Oncorbynchus
mykiss) (Ture and Kutlu 2018). These studies mainly laid out the clinical
signs of the disease, such as hemorrhagic septicemia, enteritis, and tail and fin
rot in some cases.

In this study, infection with C. freundii was determined in Tropheus spp.,
which is an important genus of ornamental cichlids found in Lake
Tanganyika. To our knowledge, this study is the first detailed description of
bacterial infection in the Tropheus genus with clinical, microbiological, and
molecular results.

Materials and methods

Moribund and dead Tropheus spp. were detected at the Aquarium Unit of
the Faculty of Fisheries in July 2021 and the recently deceased fish samples
were immediately transferred to Fish Disease and Biotechnology Laboratory
for clinical, pathological and microbiological examinations. An examination
was carried out on the fins, gills and skin for external observation. After
dissection, the isolates from the kidney, liver, and spleen of the diseased
fish were streaked on tryptic soy agar (TSA, Merck, Germany). The TSA
plates were incubated at 25 ° C for 24-48 h and pure colonies were observed
from every infected fish sample (37 individuals). The isolated bacterium
was streaked again on TSA for further analysis. The water parameters were
also monitored during the outbreak to detect inappropriate conditions.

Temperature, pH and dissolved oxygen were monitored with a multi-
parameter device (WTW 3420i SET).
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Gram staining, motility, oxidase and catalase activity were determined
according to Austin and Austin (2007), and API 20E tests (BioMerieux SA,
France) were used for every isolated bacteria sample to specify the biochemical
characteristics of the bacteria.

The EurX GeneMATRIX Bacterial and Yeast DNA Isolation Kit (Poland)
was used for DNA isolation according to the manufacturer’s instructions.
The quality and concentration of isolated DNA was determined by Thermo
Scientific Nanodrop 2000 (USA). Universal 27F (5
AGAGTTTGATCMTGGCTCAG 3) and 1492R (5’
TACGGYTACCTTGTTACGACTT3’) primers and FastRuler Low Range
DNA Ladder (ThermoFisher Scientific) were used for the PCR amplification
reactions. Amplification was carried out as follows: initial denaturation at 95
° C for 5 min, denaturation at 95 ° C 45 sec, annealing at 57 ° C 45 sec,
extension at 72 ° C 60 sec with 40 cycles, the a final extension at 72 ° C for
5 min. The results of PCR amplification were observed in gel electrophoresis
and one-step PCR was performed to amplify the region of approximately
1470 bases. The PCR reaction was performed with Solis Biodyne (Estonia)
FIREPol ® DNA polymerase Taq polymerase enzyme. After PCR, a single
band was obtained on the agarose gel (1.5% concentration) to confirm that
the PCR process was successful. The concentration and purity of the DNA
were determined using NanoDrop spectrophometer (ThermoFisher
Scientific) through 260/280 nm absorbance of a 1 pl sample. The DNA
concentration was determined as 25.7 ng/pl. During the purification of
the PCR product, the MAGBIO High PrepTM PCR Clean-Up System
(AC-6005) purification kit was used for the single-band samples obtained
and purified following the kit’s procedures. For Sanger sequencing, the
ABI3730XL Sanger sequencing device (Applied Biosystems, Foster City, CA)
and the BigDye Terminator V3.1 Cycle Sequencing Kit were used in the
Macrogen Netherlands Lab (Applied Biosystems, Foster City, CA). The
CAP contig assembly algorithm was used in BioEdit program to perform
a consensus sequence of reads obtained with primers 27F and 1492R. The
sequenced data were compared with the closest species obtained from the
GenBank database using the BLASTN 2.6.1. and MEGA 11 Software was
used for the construction of the phylogenetic tree using the neighbor-joining
method.

The liver and spleen samples were fixed in 10% buffered formalin and the
tissue were processed routinely for histopathological examination. The
prepared paraffin blocks were cut to 5 um thickness and stained with
Haematoxylin and Eosin stain (H&E). The slides were examined under a light
microscope (Olympus, CX22RFS1).
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Figure 1. A: darkened area in the head, B: hemorrhages on the surface of the skin, C: darkened skin, exophthalmos,
and ascites, D: hemorrhages in the upper and lower jaw, E: enteritis and presence of ascitic fluid in the peritoneal

cavity, F: granulomas in the spleen.

Results

Infection was observed in both juvenile and adult Tropheus spp. in the
Aquarium Unit of the Faculty of Fisheries at Izmir Katip Celebi University
with 100% mortality. A total of 37 individuals were affected with similar
clinical and pathological findings.

The aftected Tropheus showed erratic behavior, swimming near the water
surface, darkened skin, inappetence, abdominal distention, exophthalmus,
petechial hemorrhages on the skin, and hemorrhages on the bases of the fins,
around the anus and mouth, especially in the upper and lower jaws (Figure
1). At necropsy, enteritis, pale liver, and gronulomas were observed in the
kidneys and spleen of infected individuals.

Round, smooth, and opaque colonies were detected in TSA and the isolates
were found to be motile Gram-negative rods. The API 20E profile of the
bacteria is presented in Table 1. -galactosidase, arginine dihydrolase, lysine
decarboxylase, ornithine decarboxylase, citrate, hydrogen sulfide, gelatin,
glucose, mannose, sorbitol, rhamnose, sucrose, melibiose, amygdalin and
arabinose were detected to be positive, while urease, tryptophan deaminase,
indole, Voges-Proskauer, and inositol were found to be negative in all isolates

(Table 1).
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Table 1. The morphological and biochemical properties of isolated Citrobacter freundii

Properties C.freundii Properties C.freundii
Gram stain - IND -
Shape Rod VP -
Motility + GEL +
Catalase + GLU +
Oxidase - MAN +
ONPG + INO -
ADH + SOR +
LDC + RHA +
oDC + SAC +
CIT + MEL +
H,S + AMY +
Urease - ARA +
TDA -

ONPG: B-galactosidase, ADH: Arginine dihydrolase, LDC: Lysine decarboxylase, ODC: Ornithine decarboxylase, CIT: Citrate, H,S: hytdrogen sulfide, TDA:
Tryptophan deaminase, VP: Voges-Proskauer, GEL: Gelatin, GLU; Glucose, MAN: Mannose, INO: Inositol, SOR: Sorbitol, RHA: Rhamnose, SAC: Sucrose,

MEL: Melibiose, AMY: Amygdalin, AR A: Arabinose.
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Figure 2. Phylogenetic tree of Citrobacter freundii (MT876565) (in bold) and related Citrobacter sequences obtained
from GenBank (NCBI). The Maximum Composite Likelihood Method was performed with Mega 7 software with

1000 bootstrap replicates.

A 99 % sequence similarity with C. freundii was identified from the results of
the 16 s rRNA sequence of the isolated bacterial pathogen in the BLASTN
2.6.1 database. The strain was registered in the NCBI GenBank with

accession number (MT876565) and the phylogenetic tree of the isolated
strain and the homogeneous sequences are presented in Figure 2.

Bulletin of the European Association of Fish Pathologists


https://eafpbulletin.scholasticahq.com/article/122390-first-report-of-citrobacter-freundii-infection-in-exotic-tropheus-spp/attachment/241067.jpeg

First report of Citrobacter freundii infection in Exotic Tropheus spp.

Figure 3. A-B: liver tissue of infected Tropheus spp. D: vacuolar degeneration; H: hepatocytes with nuclear loss- C-D:
spleen tissue of infected Tropheus spp. L: depletion of lymphoid tissues; V: vacuole formation

Histological changes of liver and spleen are presented in Figure 3. Loss of
tissue structure, vacuolar degeneration and hepatocytes with nuclear loss were
detected in the infected Tropheus spp.. Cellular degeneration was identified in
the spleen tissue samples (Figure 3).

Discussion

C. freundii has been found in several different natural sources, including soil,
food, water, different animal species, and humans (Sedlik 1973; Schmidt et al.
1993; Nawaz et al. 2008; Baeck et al. 2009). In humans, Citrobacter infection
affects the central nervous system and causes 75% of meningitis with brain
abscess (Graham and Band 1981; Plakkal, Soraisham, and Amin 2013); it is
also present in the gastrointestinal system and causes urinary tract infections,
septicemia, and diarrhoea due to its opportunistic character (Schmidt et al.
1993; Metri, Jyothi, and Peerapur 2013; Liu et al. 2018). The pathogen is
known for its ability to cause predominantly hemorrhages and hemorrhagic
enteritis in fish, while an increase in the concentration of inorganic and
organic matter in water, environmental pollution, and stress are reported as
key parameters in the appearance of infection (Pandey 2013; de Pédua et al.
2014; Ture and Kutlu 2018).

Different mortality rates have been reported from C. freundii infections.
Austin, Stobie, and Robertson (1992) detected low-level mortality in rainbow
trout (20-30 mortalities/tank/day); however, in the infection experiment,
disease signs and mortality were reported to be 40% within 72 h of injection.
An experiment by Jeremié, Jaki¢-Dimié, and Veljovi¢ (2003) regarding
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infection in rainbow trout reported 60% mortality by the fifth day after
injection, while Ture and Kutlu (2018) announced 10% cumulative mortality
in rainbow trout. Sun et al. (2018) observed cumulative mortality rates of
60-100% in freshwater cultured stingray (Potamotrygon motoro) within 30
days. The current study found similar mortality rates of up to 100% in both
juvenile and adult fish groups during the period of infection.

The clinical and pathological findings of this study show the general
symptoms of C. freundii infection, such as erratic swimming, darkened skin,
hemorrhages, enteritis, and pale liver. Especially, the abdominal distension
was observed extensively with darkened skin. Austin, Stobie, and Robertson
(1992) observed melanosis, hemorrhages in the eyes and internal organs,
ascitic fluid in the peritoneal cavity, pale spleen, and gastroenteritis in rainbow
trout individuals. Baeck et al. (2009) reported lethargy, abnormal swimming
behavior, hemorrhages on the skin, fins, ventral part of the body, gills,
and internal organs with reddish fluid in the abdominal cavity of doctor
fish (Garra rufa obtusa). Thanigaivel et al. (2015) detected extensive skin
hemorrhage, tail ulceration, and lesions in naturally infected tilapia
fingerlings. Sun et al. (2018) found similar clinical findings in P. motoro, such
as loss of appetite, lethargy, hemorrhages, and ascitic fluid in the abdomen,
hemorrhages in the wall of the abdominal cavity, and bleaching of the liver.
Lethargy, skin darkening, pale and friable liver, gallbladder distension, and
splenomegaly were detected in silver catfish (Rbamdia quelen) by Junior et al.
(2018).

The biochemical characteristics of the isolated C. freundii strains were found
to be similar to those in previous reports (Sato, Yamane, and Kawamura 1982;
Jeremid, Jaki¢-Dimié, and Veljovi¢ 2003; Baeck et al. 2009; de Pddua et al.
2014; Junior et al. 2018; Yang et al. 2021). Variable -galactosidase, arginine
dihydrolase, citrate, hydrogen sulfide, and amygdalin reactions have been
reported in different studies; Sato, Yamane, and Kawamura (1982) reported
negative detection of citrate and amygdalinwhile Padua et al. (2014). and
this current study found positive detection, however, the biochemical profile
from the API 20E test kit confirmed the identification (Table 2). The 16s
rRNA gene sequence results also validated the diagnosis with a 99% sequence
similarity to C. freundii. A number of researchers have recently provided
various information about the 16s rRNA gene sequences of different C.
freundii strains (Honein et al. 2016; Cao et al. 2016; Gallani et al. 2016;
Ture and Kutlu 2018). Comparison of the 16s rRNA analyses showed that
there were similarities to related Citrobacter strains (Figure 2). Comparing all
of these data, the biochemical characteristics and 16s rTRNA gene sequence
results indicated that the isolated pathogen was C. freund:i.

The histopathological results showed vacuolar degeneration, hepatocytes with
nuclear loss and tissue structure loss. In the spleen tissue, cellular
degeneration was observed. The histopathological studies showed similar
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Table 2. Morphological and biochemical properties of Citrobacter freundii isolated from Tropheus spp.

Testor Current Soto et al. Jeremicetal. de Paduaet al. Caoetal. Dong and Cai
Substrate Study (1982) (2003) (2014) (2016) (2001)
ONPG + + +(3/3) +(2/2) - +
ADH + - -(3/3) +(2/2)
LDC - - -(3/3) -(2/2)
oDC - - -(2/3) (2/2)
CIT + - -(3/3) +(2/2) + +
H,S + + +(3/3) -(2/2) + +
URE - - -(3/3) (2/2)
TDA - - -(3/3) (2/2)
IND - - -(3/3) -(2/2)
VP - - -(3/3) (2/2)
GEL - - -(3/3) (1/2)
GLU + + +(3/3) +(2/2) + +
MAN + + +(3/3) +(2/2) + +
INO - - -(3/3) -(2/2)
SOR + + +(3/3) +(2/2) + +
RHA + + +(3/3) +(2/2) * *
SAC + + +(2/3) +(2/2) + +
MEL + + -(2/3) +(2/2) + +
AMY + - +(3/3) +(1/2)
ARA + + +(3/3) +(2/2) + +

ONPG: -galactosidase, ADH: Arginine dihydrolase, LDC: Lysine decarboxylase, ODC: Ornithine decarboxylase, CIT: Citrate, H,S: Hytdrogen sulfide, URE:
Urease, TDA: Tryptophan deaminase, VP: Voges-Proskauer, GEL: Gelatin, GLU; Glucose, MAN: Mannose, INO: Inositol, SOR: Sorbitol, RHA: Rhamnose,
SAC: Sucrose, MEL: Melibiose, AMY: Amygdalin, AR A: Arabinose.

results with other Citrobacter infection cases : de Pddua et al. (2014) isolated
C. freundii from infected native Brazilian catfish (Pseudoplatystoma) with
histopathological symptoms of centrilobular necrosis in the liver. Junior et al.
(2018) reported C. freundii infection in silver catfish (Rbamdia quelen) with
tissue structure loss, hepatocytes with nuclear loss, and degeneration in liver
tissue. Likewise, Jung et al. (2021) isolated C. t7uctae from diseased rainbow
trout (Oncorbynchus mykiss) and reported hepatic necrosis from the liver and
coagulative necrosis from the spleen samples in their histopathological studies.

The hobby of ornamental fishkeeping is the basis of one of the most popular
industries around the world; it is a multimillion dollar sector and represents
a major part of the pet market (Noga 2010; Gallani et al. 2016). However,
aquarium fish are susceptible to several diseases that may occur due to
temperature changes, poor water and food quality, etc. (Pandey 2013). C.
freundii has been reported from several cases of disease in aquarium fish
species, including giant gourami (Osphronemus goramy) (Honein et al. 2016)
and freshwater angelfish (Prerophyllum scalare) (Gallani et al. 2016).
However, there is limited information on the effects of this pathogenic
bacteria in ornamental fish species. It is recommended that the disease agents
in ornamental fish species be further clarified in order to implement
prevention and control strategies.
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Conclusion

In conclusion, an outbreak was observed in ZTropheus spp. and the causative
agent of the disease was identified as C. freundii by biochemical and
molecular analyses. The diseased fish showed typical clinical symptoms and
the mortality rate reached 100%. To our knowledge, this is the first report of
C. freundii infection in Tropheus spp., which is an economically important
ornamental cichlid species.
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