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Abstract

Morganella morganii is an opportunistic
pathogen widely spread out within the intestinal
tracts of mammals, humans and reptiles as a
part of normal intestinal microbiota. The
appearance of skin lesions in blood parrot
cichlid, Amphilophus citrinellus X
Paraneetroplus synspilus, were monitored in
separate aquariums withO, 8 mg/L, pH 7.8,
water hardness 145 mg/L CaCOs, and water
temperature at 28 °C for two weeks. Initially,
superficial lesions were appeared on the fish
skin and gradually penetrated the muscles after
one week and finally resulted in fish death.
Samples from various organs including edges
of skin lesions, muscle and kidney, spleen, and
liver were taken under aseptic conditions,
inoculated into tryptic soy agar incubated at
25°C and 37°C for 24 h.
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The isolated bacteria from the kidney, spleen or
liver were characterized using microbiological
and molecular methods.  Phenotypic and
molecular assays resulted in the identification
of Morganella morganii as the cause of skin
lesions. Ninety apparently healthy goldfish
(Carassius auratus) were challenged with
isolated bacteria at 5.4 x 10* CFU /mL as a bath
for one hour under stress and non-stress
conditions.  Affected goldfish developed
superficial lesions, fin necrosis, muscle
necrosis, and mortality initiated six days after
challenge and reached 60 % (18 fish) and 36.66
% (11 fish) in stressed and non-stressed
goldfish, respectively after 14 days. This data
confirmed M. morganii as the causative agent
of freshwater fish aquariums, and thus need to
be considered in the disease diagnosis in
aquaculture activity.
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Introduction

Morganella morganii a Gram-negative
enteric bacterium, has been regarded as an
opportunistic pathogen though widely
spread out within the intestinal tracts of
humans, mammals, and reptiles as a part of
normal intestinal microbiota. There have
been several reports that M. morganii can
cause sepsis, ecthyma, endophthalmitis,
chorioamnionitis and more commonly
urinary tract infections, wound infections,
septic arthritis, meningitis, and bacteremia
often with fatal results in humans (Senior
and Voros, 1990; Choi et al., 2002; Roels et
al., 2007; Cetin et al., 2008; Singla et al.,
2010; Liu et al., 2016; Li, et al., 2018;
Bandy, 2020; Bond and Stadler, 2020;
Laupland, 2022; Maraki et al., 2022). In
pregnant women or neonates, M. morganii
has been reported to cause a serious
invasive infection (Ghosh et al., 2009;
Chang et al., 2011; Bond and Stadler, 2020;
Laupland, 2022; Maraki et al., 2022).There
are some reports of the emergence of third-
generation  cephalosporin-resistant M.
morganii in a captive breeding dolphin
(Park et al., 2020).

In fish, M. morganii is one of the most
prevalent and potent histamine producers
(Kim et al., 2001). It is most frequently
found in the gills and skin, but rarely in the
intestine and oral cavity of fish (Kim et al.,
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2003). However, from the literature review
available  there is no  evidence
demonstrating this bacterium as a fish
pathogen. In this study, we describe an
infection caused by M. morganii in blood
parrot cichlid fish (Amphilophus citrinellus
x Paraneetroplus synspilus). To the best of
our knowledge, this is the first report of a
sporadic case of M. morganii infection in
freshwater aquarium fish. Also, the
virulence of the isolated strain was assessed

in goldfish under stress conditions.

Materials and methods

Fish

This study was performed in the Aquarium
Room at the University of Kurdistan, Iran.
In October 2023, some red superficial
lesions were observed on the flank of blood
parrot cichlid fish which were kept in a 50
L glass aquarium. The affected fish were
separated from the healthy ones and were
kept in separate aquariums supplied with
dechlorinated water (O2 8 mg/L, pH: 7.8,
water hardness 145 mg/L CaCOs,
temperature 28°C). One week later, red
lesions penetrated muscles and affected
demonstrated abnormal movement, loss of
balance and death observed soon after

lethargy.
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Bacteriological examinations

Samples from various organs of five dead
fish including muscle and kidney were
obtained under aseptic  conditions,
inoculated on tryptic soy agar and
incubated at 25°C and 37°C for 24 h. The
grown colonies were subjected to Gram
staining before being grown on eosin
methylene blue (EMB) agar for further

characterization.

Molecular assay

The isolated bacteria were identified by
partial 16S rRNA gene sequencing,
described by Spanggaard et al. (2000).
Briefly, a loopful of an overnight culture on
EMB was used for DNA extraction using
boiling method (a bacterial colony was
added to a 100 mL of TE buffer before
being heated for 15 min. The sample was
centrifuged at 13000 g for 2 min, and the
supernatant containing bacterial DNA was
used for PCR assay. Using simple boiling
method, partial amplification of the 16S
rRNA gene was performed using the
primers 008F (5'- AGA GTT TGA TCC
TGG CTC AG-3")and 517R (5'- ATT ACC
GCG GCT GCT GG-3') (Tag, Denmak).
PCR was undertaken using a DNA thermal
cycler (Eppendorf); a 25 pL reaction
mixture contained 1 uL. MgCly, 0.2 uL Taq
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DNA polymerase, 0.5uL dNTPs, 2 uL of
each primer, 3 uL. DNA sample and double
distilled water 15.8 uLL. The PCR conditions
were as follows: an initial incubation at
94°C for 5 min followed by 34 cycles of
denaturation at 94°C for 30 S, annealing at
55°C and elongation at 72°C for 1 min with
final extension for 5 min at 72°C. After
amplification, 5 pL of the reaction products
were mixed with 3 pL of the sample buffer
(50% glycerol) and electrophoresis was
performed. The gels were visualized under
UV light and photographed. Gene Ruler™
100 bp DNA Ladder Plus (MBI Fermentas,
St. Leon-Rot, Germany) was used as a
DNA size marker.

16S rRNA gene sequencing

PCR amplicons were purified from the
remaining reaction mix using Qiaquick
purification kit as described by the supplier
(Qiagen, UK), and quantified using an
Eppendorf spectrophotometer. Both strands
were sequenced using the PCR primers.
Sequencing was performed commercially
by Macrogen (South Korea). Both forward
and reverse sequences were assembled and
edited using the SegMan Il module of
Lasergene, Version 6 (DNASTAR, Inc.,
Madison, USA). The resulting consensus

sequences were compared with published
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nucleotide sequences using Nucleotide
BLAST (blastn) analysis
(http://blast.ncbi.nim.nih.gov/Blast.cgi).

Antimicrobial susceptibility assay

An antibiotic sensitivity test was conducted
to determine the best antibiotic affecting the
isolates. This test was performed using the
Kirby-Bauer disk-diffusion method using
Muller Hinton agar. The susceptibility of
the isolated strains was assessed using
ciprofloxacin (5 pg), norfloxacin (5 ug),
tetracycline (30 pg) and penicillin (10 pg)
according to the guidelines of the clinical
and laboratory standards institute, and
results obtained 24 h post-incubation at 30C
(Maraki et al., 2022).

Virulence assay

Ninety healthy goldfish average weight 12
g were randomly divided into three groups
of 10 fish each in 50 L glass aquariums in
triplicates. The aquariums were supplied
with dechlorinated water (with O2: 8mg/l,
pH: 7.8, water hardness: 145 mg/l CaCOg,
temperature 20°C) and continuous aeration.
Group one was considered as the control
group. Group two f was bath challenged
with a suspension of isolated bacteria with
count 5.4 x 10* CFU /mL for one hour. The
second passage of the bacteria which were

grown in tryptic soy broth for 48 h at 25°C
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was used for the bacterial challenge test.
Counting the colonies was confirmed by
plate count method.

In group three, first fish were exposed to
formalin at 250 ppm for one hour before
being challenge with the bacterium at 5.4 x
10* CFU /mL for one hour. The challenged
fish were monitored for 2 weeks, fed 2%
body weight with commercial feed, and
Clinical signs and mortality were checked
daily. Samples of kidney, liver, and spleen
of the dead fish were obtained under aseptic
conditions and inoculated on EMB agar to
confirm the cause of mortality. Virulence
bioassay conducted according ethic roles of
Unviersity of Tehran.

A one-way analysis of variance (ANOVA,;
SPSS, 16.0) was used to determine whether
significant variation between the treatments
existed. Differences between means were
determined and compared with Duncan test
at significance level of (p<0.05). The data

were reported as a meanz standard error.

Results

Post-mortem examination of the affected
blood parrot cichlid showed diffuse
petechial in the liver and kidney which were

also enlarged and hyperemic (Fig. 1).
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Figure 1. Skin lesions caused by M. morganii in blood parrot cichlid.

Phenotypic characteristics of the isolated Table 1. Phenotypic and biochemical features of

bacterial strains the isolated bacteria from kidney and muscles of

. . ; blood parrot cichlid fish.
The grown colonies were circular white-

. Characteristics Result
opaque on TSA. In Gram staining they were of isolated Kidney Muscle Spieen
straight rods and Gram negative (0.6-1.6 bacteria

pm) without polymorphism. The bacterium

Gram staining

produced pink colonies on eosin methylene Catalase
blue (EMB) agar (lactose negative). .Based Oxidase
. . .. Indole
on the biochemical assays this isolated
. . . i Motility
bacterium was identical to Citrobacter spp.
Lactose

and Morganella spp (Table 1).

fermentation

Lysine
Antimicrobial susceptibility assay Citrate
The isolated bacteria from kidney, spleen Methyl red
and muscle were sensitive to ciprofloxacin Vogues
and norfloxacin, but were resistant to eroe:kauer
tetracycline and penicillin. H2S on SIM
Growth at 25°C
PCR assay Growth at 37°C

A fragment of DNA with a size of 517 bp
was detected in all three isolates from
kidney, spleen and muscle tissues (Fig. 2).
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1000 bp

500bp -
400 bp -

Figure 2. PCR product of bacterial isolates. M=
100bp marker, 1=positive control, 2= test sample,

3= negative control.

The 16S-rRNA sequence of the isolated
strains was compared and aligned with the
16S-rRNA sequences of other bacterial
species available in GenBank database. The
bacterial isolates exhibited 98-100%
similarity with other available M. morganii
strains. The partial 16S rRNA gene
sequence of isolates was determined and
submitted to the GenBank database
(accession number: KF110789). The 16S
rRNA sequence of our isolates was similar
to the corresponding sequence from strain
ZJB-09203 (accession no: KC250021). The

-.“»-

results of the 16S rRNA sequencing of
isolates demonstrated that the bacterium
that was isolated to be more than 99%
similar to M. morganii. The target sequence
was analyzed with all available 16S rDNA
sequences of M. morganii in the GenBank.

Pathogenicity bioassay

Affected goldfish demonstrated skin
lesions on different body parts including
lateral side, pectoral area and dorsal site
(saddle back lesions) (Fig. 3). Mortality
was initiated 6 days post challenge.
Internally  affected  fish  developed
hyperemia in their internal organs such as
liver and kidney. The mortality rates in
stressed and non-stressed fish reached in60
% (18 fish) and 36.66 % (11 fish),
respectively. Also, no mortality was seen in
control fish (challenged with sterile PBS).
M. morganii was re-isolated from the
kidney, spleen, liver and muscle of affected
goldfish and confirmed by phenotypic and
PCR assays.

A

Fi-gure 3. Experimental infection by M. morganii in goldfish showing skin lesions on the lateral and dorsal

areas of affected fish.
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Discussion

Morganella morganii is a facultative
anaerobic rod gram negative enteric
bacterium which was first isolated from a
pediatric fecal culture (Morgan, 1906). The
presence of M. morganii in the intestinal
tracts of humans, mammals and reptiles as
normal flora has been frequently reported
Zhao et al. (2012). In fish, M. morganii is
one of the most prevalent and potent
histamine producers (Kim et al., 2001)
commonly associated with gills and skin
(Kim et al.,, 2003). Zhao et al. (2012)
confirmed that M. morganii causes a fatal
infection in chickens. In some countries like
Iran, Tajikestan, Afghanistan people use
goldfish profusely as a symbol during New
Year celebrations after which they are
released them into lakes and rivers, hence
fish farmers must be informed of these
risks.

To our knowledge, there is no evidence that
this bacterium could be pathogenic to fish.
In this study, by isolation and phenotypic
identification of the bacteria and 16S rRNA
gene sequencing of the isolated strains, we
confirmed that M. morganii is able to attack
blood parrot cichlid and goldfish causing
morbidity and mortality. In the current
study, the experimental gold fish were
affected by M. morganii under both stress

and non-stress conditions, and
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demonstrated clinical sign and mortality
and M. morganii was re-isolated from the
kidney or spleen of affected fish Similar
clinical signs were observed under two
different conditions, but the mortality rate
in the group subjected to stress was
considerably higher than non-stress group.
M. morgani was previously introduced as
an opportunistic organism caused by
Flavobacter cloumnare. In gold fish
exposed to formalin stress, the mortality
rate was significantly greater than that of
un-stressed fish. Thus, stress can affect the
virulence of the pathogen. Formalin
treatment clears the fish of ecto-parasites
but it might leave the fish become more
susceptible to opportunistic pathogens as a
result of injuries to the skin caused by
formaldehyde treatment and
simultaneously leave the fish in an
immuno-suppressed stage that result in a
high level of cortisol secretion (Pickering
and Pottinger, 1989). Increasing plasma
cortisol is reported in Bonytail (Gila
elegans) subjected to formalin and handling
stress (Sykes et al., 2011). In rainbow trout,
elevating plasma cortisol was described by
Jorgensen et al. (2007) to be associated
with 1. mulifiliis infection as well as
formalin bath treatment. These findings
imply that stress factors might play a role in

pathogenicity of M .morganii.
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The response of the innate immune system
might be modified by external stimuli,
particularly stressors, which are most often
known to induce immunosuppressive
effects in fish (Tort, 2011). Thus, the
stressed fish can exhibit a decreased
activity in complement, hemagglutination,
and reduction of circulating lymphocytes as
mentioned by Engelsma et al. (2003).
Decreases in C3 complement component
protein levels (Douxfils et al., 2011) and
expression of some immune-relevant genes
(Kim et al., 2003) have also been reported.
Such effects can explain a higher
susceptibility to the pathogen in stressed
goldfish.

M. morganii can be a pathogenic agent not
only for fish and birds but also for
mammals, including humans posing a
threat to public health, particularly a threat
to people who come into contact with
disease (Li et al., 2018; Laupland et al.,
2022). Interestingly strains of M. morganii
have been reported from the infected
leeches (Hirudo medicinalis) with a
considerable death and morbidity rate
(70%) and severe clinical abnormalities in
leeches (Rahmati Holasoo et al., 2022).
There is no doubt that other factors
particularly water quality fluctuations are
involved in M. morganii virulence and

disease outbreaks and that the number of
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host species is increasing. Therefore,
greater monitoring efforts must be put in
place in the future to evaluate the actual

mechanisms of this pathogen in fish.
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