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ABSTRACT

Aeromonas infections have shown diverse complications in management due to the multiple
antibiotic resistance observed amongst its members. The origin and habitat of its resistance
development yet remain vague. The present study depicts Leech and its infested recreational
water as a reservoir of multidrug-resistant Aeromonas hydrophila. Skin swabs of recreational
water bathers before (Bb)/after bathing (Ab) (250 each) and 250 leeches (Hirudomedicinalis)
were collected from recreational water sites. Standard Microbiological and Molecular
biology methods were applied for isolation and characterization. Two hundred and forty-five
(98%)Bb specimen, showed a negative growth oforganisms, 84% (210) of the Ab specimen
harboured presumptive  Aeromonas species, while 100% (250) Leeches specimen
harboured Aeromonas species. The Polymerase Chain Reaction (PCR) of 16SrRNA gene
detection confirmed all (465/100%) isolates as Aeromonas species while 13.6% (63) were
further delineated as Aeromonas hydrophila. The antibiogram showed 45(97.82%) resistance
to the f-lactam antibiotic and other antibiotic groups. The PCR detection of resistant
markers, virulent and plasmid profile of isolates reveals conjugative plasmid
mediation, lip (123/97.6%), act (104/82%), hhly (93/73%) genes and Blaampc gene,
Blatem, gene and Blaswv gene. Observation of pathogens with similar multiple antibiotic-
resistant gene-profile both in the bathers'skin swab and gut of leeches indicates
origin/habitat, association and suggests the gut of leeches as breeding habitat for the
pathogen. This is an emerging public health concern that associates specifically the
environment and human superficial infections.

Keywords: Aeromonas hydrophila, leeches (Hirudomedicinalis), recreational water, bathers,

virulent genes, antibiotic-resistant markers, PCR, plasmid profile

community. It serves as a thriving hub of
activities that provides needs for families,

INTRODUCTION

Recreational ~ centres  are  valuable youths, senior citizens, civic organizations
community asset with essential qualities and physical activities (Forrester, 2014). It
that influence social-economic values, also has rooms for social clubs and

health and environmental benefit for a academic programs to complement the
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school experience for students (Forrester,
2014). However, there are several concerns
associated with the usage of recreational
water which are grouped into abiotic and
biotic concerns. The abiotic includes
drowning and activity-related injury (heat
and cold) whereas the biotic is mainly
microbial/biological contamination
(Vermont, 2012). Other relative sources of
concern include boating, recreational
vehicle holding tanks, pumping stations,
damaged sewer lines. (Vermont, 2012).
Infections have been the result on post
occurrences of major abiotic concerns,
traced to poor portable toiletsandmicrobial/
biological contamination of water bodies.
These aforementioned areas of concern
tend to enhance faecal pollution and
proliferation of aquatic  organisms,
affecting water quality (lgere et al., 2020a;
Sharma et al., 2003).

One such free-living bacteria associated
with aquatic nexus and has caused hazards
in recreational water usage is Aeromonas
hydrophila as listed by WHO(WHO,
2003). Its study has the potential to
determine safety and sustainability of
recreational ~ water  usage.  Another
organism of related concern is the
Annelida  {hirudinid leeches (Hirudo
medicinalis)}, = whose  digestive-tract
microbiota reveals a symbiont that was
taxonomically grouped using 16SrRNA
gene sequences as Aeromonads (Busing et
al., 1953). Interestingly, other members of
the genera (Aeromonas) were isolated from
the midgut of Culex quinquefasciatus
(A.culicicola), and Aedes aegyptii
mosquitoes (A. veronii), suggesting that the
genus colonize the gut or tract of blood-
feeding organisms (Huys and Cnockaert,
2005; Pidiyar, 2002).

Aeromonads are Gram-negative,
facultative non-spore-forming anaerobe,
rod-shaped, which are autochthonous but
distributed in aquatic environments
(Daskalov, 2006). The genus is mainly
psychrophiles and mesophiles of soil and
water origin implicated in different
diseases of warm and cold-blooded
animals. Generally, members of the genus
are characterized into three biochemical
sub-groups ~ (Aeromonas  hydrophila,
Aeromonas sobria,and Aeromonas caviae),
but recently, newer species have been
added (Janda and Abbott, 2010). Most
infections of Aeromonas spp. are acquired
through contact with contaminated water
or ingestion of foods in various “farm to
table” operations (Dos Silva et al., 2019;
Pougnetet al.,, 2018; Khajanchiet al.,
2010). The bacterium is also implicated in
cellulitis or infected wound cases due to
traumatized injury in the aquatic
environment (Janda and Abbott 2010;
Khajanchiet al., 2010; Gofii-Urrizaet al.,
2000). It has also been reported in severe
cases of bacteriemia, dysentery and
diarrhoea (Dos Silva et al., 2019; Mudaliar
et al, 2019; Pougnetet al., 2018;
Khajanchiet al., 2010; Albarralet al.,
2016). Its presence has also been reported
in animal food sources, eye respiratory
tract, sepsis, multiple antibiotic resistance
and other deep-seated infections of public
health concern. (Ali et al., 2014; Korkocaet
al., 2014; Enanyet al., 2011). A. hydrophila
has been listed in the Contaminant
Candidate List of EPA and the
Environmental Protection Agency Method
1605 has confirmed its enumeration and
detection in water (the United States
Environmental Protection Agency, 2001)
as a microbial contaminant.
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Its resistance to P-lactam (penicillin,
ampicillin, carbenicillin, and ticarcillin)
has been wused in their phenotypic
characterization and detection of resistant
markers. (Bosch et al., 2019; Mudaliar et
al., 2019; El-ghareebet al., 2019; Ahnedet
al., 2018; Awan, et al., 2009). However,
most Aeromonas species show
susceptibilities to antibiotic members such
as second and third-generation
cephalosporins, piperacillin and azlocillin
quinolones, tetracycline, aminoglycosides,
chloramphenicol and trimethoprim-
sulfamethoxazole (Awan, et al., 2009; Sen
and Rodgers, 2004). However recent
studies reveal resistant dissemination in the
ecosystems  which  necessitates their
microbial diverse nature (Igbinosa et al.,
2017). It is no doubt that most
environmental activities and water reuse
have contributed to pollution, bacteria
proliferation, as well as the spread of
antibiotic-resistance (lgere et al., 2020a;
Igbinosa et al., 2015). Some of such
resistant phenotypes have not been

N

traced/associated to any specific origin
hence this study aims to characterize
antibacterial resistance markers, ARGs,
virulent gene markers, biofilm formation
and plasmid profile of Aeromonas
hydrophila isolated from Oghara environs
in Nigeria as an approach for source
tracking resistance acquisition amongst the
pathogen and its relative environmental
health concern.

MATERIALS AND METHODS
Sample collection

The specimen was collected from three
recreational centres within Ethiope West
local Government area of Delta State, a
total of 250 skin swab specimens each of
apparently  healthy visitors of the
recreational centre after bathing (Ab), and
before bathing (Bb) as a control, while 250
leeches  (Hirudo medicinalis)  were
collected from the flow-in-water and flow-
out-water during the study between
February and September.

Fig 1: Photomicrograph of collected leech (Hirudomedicinalis)

Bacterial Isolation

Swab specimens and leeches were cultured
onto alkaline peptone water (APW)

(Merck, Germany), MacConkey agar
(Biotech, Rajasthan, India), blood agar
base (Biotech, Rajasthan, India) and
incubated at 37°C. Leeches were allowed
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to thrive in the APW for 24 h, feed with
fresh blood to release their oesophagal
bacteria density into the medium. Bacteria
growth on APW were subcultured onto
Starch  Ampicillin  Agar (SAA) and
incubated at 37°C overnight
(Khamesipouret al., 2014). After 24h
incubation, cultures of observable growth
were then flooded with about3 ml of
Gram’s (Lugol’s) iodine solution. Yellow
to slightly brownish colonies was reported
as amylase positive colonies. Other
presumptive test include motility test,
Gram-reaction, cytochrome-c oxidase test,
methyl red test, indole production test,
catalase test, citrate utilization test, urease
test, glucose fermentation and arginine
dihydrolase test, ornithine decarboxylase
test, ONPG test, H.S from cysteine,
Acetylmethylcarbinol production (Voges-
Proskauer test), L-arabinose utilization.
APW tubes that produce reactions and acid
butt after 24 h incubation were considered
presumptively positive or negative for the
specified biochemical reaction for A.
hydrophila as previously described by
Khamesipouret al.,(2014). A strain of A.
hydrophylia ATCC7966 was a gift from Dr
Odjadjare AEMREG South Africa in 2015
was used as the positive control.

Motility Test

Isolated bacterial colonies were stab-
inoculated onto the centre of test tubes
containing a semi-solid LB medium (LB
base, 0.3% agar) and incubated at 30°C for
24 h to assess motility.

Quantitative determination of Biofilm
formation

With  minor modifications from the
methods of Jiang and his colleagues (Jiang
et al.,, 2015), a quantitative analysis of

biofilm formation by the isolates and
transformant cell was performed using a
96-well microtiter plate (polystyrene).
Isolates and transformant strains were
suspended in 10ml tryptic soy broth (TSB)
(Biolab, Merck, Gauteng) and incubated at
37°Covernight. This treatment was done
for isolates, transformants and controls
(positive and negative). Cloudy cultures
were diluted 1:100 onto freshly prepared
TSB medium and standardized using 0.5
McFarland. The prepared cells were
washed with phosphate-buffered saline
solution(PBS; pH 7.2) and resuspended in
TSB medium, 100 pl aliquots of each
standardized culture were then added to
pre-cleaned and washed 96-well microtiter
plate and incubated overnight at 30°Cwhile
transformants cells were incubated for two
days in a stable position. The liquid media
was discarded as adherent cells were
carefully washed on each well of the
microtitre plate using phosphate-buffered
saline (PBS) and plates were allowed to
dry at room temperature for one hour. Well
of plates were then stained with crystal
violet (1%) for 20 min. Thereafter, the
cells were washed with sterile distilled
water and allowed to air dry at room
temperature. Crystal violet dye-stained
adherent cells were resuspended in 150 pl
absolute ethanol, vortex for 3-5 mins and
optical density (OD) of each well reading
obtained at 570 nm using a bioanalyser
microtitre  plate reader  (Biolit-205,
Germany). Biofilm  formation  were
reported as negative (non-producing) when
ODa equals ODy, + (moderate producing)
when ODp< 0.1 and ++ (strong producing)
when ODp> 0.1. The control wells
containing only TSB broth were used as
negative controls while those containing
the Aeromonas hydrophila ATCC 7966 as
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a positive control. (Jiang et al., 2015). OD,
is an initial optical density of cell-free
eluted solvent containing Crystal violet-
stained non-adherent cells

while ODy is the optical density of eluted
solvent containing Crystal, violet stained
adherent cells.

DNA extraction (genomic and Plasmid
DNA)

Genomic DNA used in the PCR analysis
(40ng/ul) was extracted from bacterial
broth cultures using QiaAmp mini spin Kit
and eluted using AE buffer according to
the manufacturer's protocol (QIAGEN,
Germany), while plasmid DNA was
extracted using the QiaAmp Plasmid Mini
Kit (QIAGEN, Germany).

DNA yield and purity

The concentration (purity) of total DNA
from each organism was determined after
extraction using an Absorbance at 260 nm
and 280 nm. The optical density (OD) or
appropriately called purity of DNA values
were calculated as the ratio of absorbance
at 260 nm to absorbance at 280 nm.Pure
DNA, had an A260/280 ratio of 1.7-1.9
(QlAamp Blood kit, 2007). Isolated DNA
samples having values within this range
were used. Following the determination of
the OD260/280 value of the samples, the
concentration of the total DNA was
adjusted to 100ng/ul and exactly 3 ul of the
DNA samples were used as a template for
polymerase chain reactions (PCR). The
quality and concentration of fewer
numbers of samples were assessed by
DNA  amplification, agarose gel
electrophoresis and visualization using
Alpha-imager. Initial trials were done
during which reaction conditions were

optimized and the reaction programme was
standardized.

Curing Process

Isolates were subjected to SDS curing
agent according to a modified method of
Yang et al. (2008) and susceptibility test
carried out on cured isolates. The results
were compared with the pre-curing
antibiogram.

Conjugation/transformation assays

The recipient cell used is (Escherichia coli
K-12 DH1) which is a gift from Prof.
Agbonlahor DE. The donor cell
(Aeromonas hydrophila) and the recipient
strain were both grown separately on
sterile tubes of 30ml LB medium fortified
with MgCl2/CaCl (Merck, Modderfontein)
at 30 °C for 24 h, cultures were then mixed
in equal volumes (1:1) in a sterile tube and
incubated for about 20 hrs or till mid-
exponential phase which allows a possible
transfer or sharing of plasmids. The mixed
culture from the tube was then plated on
Mueller Hinton agar plates which contain
cefuroxime (CXM-30ug), ceftazidime
(CAZ-30pg), gentamicin  (Gm-30 png),
tetracycline (Tet-30pug) and Augmentin
(AUG-30pg), and incubated for 24 h at 30
°C. The transconjugants were tested for the
presence of the transferred genes by PCR
analyses. Plasmid DNA of donor isolates
and recipient  transconjugants  were
extracted using the QiaAmp Plasmid Mini
Kit(QIAGEN, Germany). Experiments
were performed in triplicate to ensure
reproducibility. The MIC values of
gentamicin,  ceftazidime,  augmentin,
tetracycline and cefuroxime of both donor
and recipient cells were determined
according to CLSI (CLSI, 2015). The
frequency of transferred plasmid was
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determined as the ratio of transconjugants
(recipients that were able to receive
plasmid DNA from a donor) to donor cells.
(Osinskaet al., 2016)

Transformation assay

The recipient cell (Escherichia coli K-12
DH1) was prepared by adding 0.5 ml
aliquot of overnight broth culture onto 20
ml of freshly prepared nutrient broth in a
flask, incubated at 37 °Cin an incubator
attached to a rotating shaker (100rpm) until
cell density is 5x107 cells per ml. (an
absorbance of 0.55 at 550nm is produced
using a spectrophotometer). Culture is then
chilled in ice for 10minutes and centrifuge
at 3000xg for 15minutes at 4 °C. The cell
pellet is further washed in 10ml of ice-cold
0.1IM MgCl,, and 5ml of ice-cold 0.1M
CaCl,, with simultaneous ice incubation
and finally resuspended in 5ml ice cold
Calcium Chloride. An aliquot of 200pul of
the prepared cells (competent cells) was
then added to 40ul of plasmid DNA extract
according to Sambrook et al. (1989) and
Danifol consult. (2005).Selection of the
transformants was done using agar plate
containing antibiotics which are reported
following CLSI guidelines of the donor
cells. Positive and negative controls were
included to verify the experimental
reproducibility of recipient cells.

Antimicrobial susceptibility tests

Antibacterial susceptibility testing of
isolates, recipient positive/negative
controls and transformant bacteria were
conducted using the agar disk diffusion
method as described by CLSI (Clinical
Laboratory Standards Institute, 2015)
guidelines. The antimicrobial disks used as
supplied by both Oxoid, Abtek (England)
and Mast Diagnostics, Merseyside, the

United Kingdom via Davies Diagnostics
(Pty) Ltd, 141 Oak Avenue, Ferndale,
Randburg, 2194, Gauteng, South Africa
(www.daviesdiagnostics.co.za) were:
cotrimoxazole (Cot-25 pg), amoxycillin
(Amx-25 ug), spectinomycin  (Spec-
100ug), cefixime (Cef-5 pg), cloxacillin
(CXC-30ug), penicillin  (Pen-30 pg),
augmentin (Aug-30pg), ofloxacin (Ofx-
5ug), gentamicin (Gm-30ug), nalidixic
acid (Na-30upg), nitrofurantoin  (Nit-
200ug), tetracycline  (Tet-30  pg),
ampicillin -~ (Amp-30 pg), cefotaxime
(CTX-30 pug), ceftazidime (CAZ-30 pg),
chloramphenicol ~ (C-30pg), imipenem
(IMI1-30  pg), kanamycin (K-30 pg),
meropenem (Mem-10 pg), cefuroxime
(CXM-30 pug), streptomycin (Str-30 pg),
sulfamethoxazole/trimethoprim (TS-25
ug), ciprofloxacin (CIP-5 uQ),
erythromycin (Ery-10 ug). The
antibiogram of Isolates pre- and post-
transformation ~ were  recorded and
interpreted using CLSI guidelines (CLSI,
2015).

Multiple Antibiotic Resistance Index
(MARI)

The MAR index was determined using the
method of Odjadjare et al. (2012) with few
modification where NI'a = number of used
antibiotics that reveal resistance by isolate;
N?b = total number of antibiotics used
against individual isolates.

MARI = NI'a/N*b

Detection of genus and specie specific
genes using PCR

The wvarious presumptive isolates were
subjected to specie specific gene detection
for the specific identity of the isolates
using PCR. Primer pairs applied and
thermal conditions were as previously
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employed by various investigators as
indicated (Stratevet al., 2016; Nawaz et al.,
2010) were purchased from Ingaba
Biotechnical Industries (Pty) Ltd. (Hatfield
Pretoria, South Africa). Briefly, 16SrRNA
primer sets of F-5'GGG AGT GCC TTC
GGG AAT CAG A’3 and R-5'TCA CCG
CAA CAT TCT GAT TTG'3, with
amplicon size of 356bp, A.hydrophyla
specie specific primer sets of aerA F-5'
CAA GAA CAA GTT CAA GTG GCC
A '3 and R- 5’ACG AAG GTG TGG
TTC CAG T'3 with an expected amplicon
size of 309 bp, haemolysin gene primer
sets ahhlF-5’GCC GAG CGC CCA
GAA GGT GAG TT'3 and R- 5'GAG
CGG CTG GAT GCG GTT GT'3 with
expected amplicon size of 130 bp
(Stratevet al., 2016), the cytotoxic
enterotoxin gene primer sets act F-
5’GAGAAGGTG
ACCACCACCAAGAACA’3 and R-
5’AACTGACATCGGCCTTGAACTC’
3 with the size of 232 bp (Nawaz et al.,
2010) and lipase gene primer sets Lip F-
5’ATCTTCTCCGACTGGTTCGG’3
and R-5’CCGTGCCAGGACTGGGTC
TT’3 with a size of 382bp (Sen and
Rodgers, 2004). The PCR mix used was as
follows; A final volume of 25 ul PCR
reaction which consisted of 12 pl GoTaq
®G2 green master mix supplied in 2X
Green  GoTagq®G2  reaction  buffer
containing pH: 8.5, dNTPs {400 uM each
of dATP, dGTP, dCTP and dTTP}, 3 mM
MgCl, and GoTaq®G2 DNA polymerase at
the optimal concentration for efficient PCR
amplification as specified by Promega
Corporation USA (www.promega.com)
was used. Primer concentration of 0.5 uM
with forward primer 1ul, reverse primer
1ul, nuclease-free water 8ul, bacterial
DNA extract of 3ul, (Shah et al., 2009).

The cycling condition used on the thermal
cycler (PTC-200 Thermocycler, MJ
Research, Germany)was as follows; an
initial denaturation temperature of 94°C for
5 min, 40 cycles of 94°C for 45 sec., 59°C
for 45 sec., 72°C for 30 sec., and final
elongation at 72°C for 10 min while act
gene PCR condition was initial
denaturation temperature at 94°C for 5
min, with 40 cycles of 30 sec at 94°C
denaturation, annealing 30 sec at 55°C,
elongation of 30 sec at 72°C and a final
elongation of 7 min at 72°C. Amplicons of
various genes were separated on 1.5%
agarose gel electrophoresis
(electrophoresis  machine CLS-AG100,
Warwickshire, United Kingdom) for 50
mins at 100 Volt. The gels were stained
with 2 pl per 50ml of 0.5 mg/L ethidium
bromide and photographed in a gel
documentation system.
(AlphaimagerTM 3400, USA). A Thermo
Scientific O’GeneRuler 100 bp ladder
which was supplied by ingaba Biotech
South Africa was used to determine the
molecular size of amplicons (Hafez et al.,
2018; Wang et al., 2003).

Detection of antibiotic Resistant genes
using PCR

Antibiotic-resistant genes were detected
using the methods as described by Hugh G
Griffin and Annette M Griffin (2000). PCR
of the resistant genes was conducted using
thePeltier-200 Thermal Cycler. The
following primer sets were used: for
blatem (535bp) F: 5’-
AGGAAGAGTATGATT CAACA-3’, R:
5-CTCGTCGTTTGGT ATGGC-
3’;(Wroblewska et al., 2004);for
blashv(930bp)F: 5°-GGGTTATTCTTAT
TTGTCGC-3’, R: 5>-TTAGCGTTGCC
AGTGCTC-3’(Amita Jain and Rajesh
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Mondal, 2008); andblaampc (882bp) F: 5°-
GGTATGGCTGTGGGTGTTA-3’, R:
5’-TCCGAAACGGTTAGTTGAG-3

(Yang et al., 2008). A PCR mix of 25ul
and one Tag 2X master mix with standard
buffer which contains 1.8mM MgCly,
20mM  Tris-HCI,22mM NH4CIl, 22mM
KCI, 0.2mM dNTPs, 5% glycerol, 0.06%
IGEPAL CA-630, 0.05% Tween 20, and
25Units/ml of one Taq DNA polymerase.
(New England Biolabs; www.neb.com)
was obtained. A 10uM concentration of
each primer pair, nuclease-free water and
DNA extract as template was added to a
Tag 2X master mix and prepared in a final
volume of  25pl.Amplification  was
performed using Peltier thermal cycler
PTC-200 Thermocycler (MJ Research,
Germany) with cycling conditions as
follows. initial denaturation at 94°C for 3
min followed by 35 cycles each of
denaturation at 94°C for 30 sec, annealing
at 50 °C, 52 °C, 54 °C respectively at one
minute for each primer. Initial extension
proceeded at 72°C for 2 min and a final
extension at 72°C for 8 min. The amplified
products were electrophoresed on an
ethidium bromide (0.5 mg/ml) stained
1.5% agarose gel for 40 min at 100 volts of
edvotek system and gels were visualized in
a gel documentation system
(AlphaimagerTM 3400, USA). A Thermo
Scientific O’GeneRuler100 bp ladder
which was supplied by Ingaba Biotech
South Africa was used to measure the
molecular weights of amplified products.

RESULTS

Bacterial Isolation

A total of seven hundred and fifty
specimens  were collected between
February and September which spans in
equal proportion of skin swab of

recreational ~water bathers at the
recreational centres and harvest of black
Leech  (Hirudomedicinalis). Specimen
collected from the subject before bathing
showed no observable growth of study
organism rather other organisms such as
Staphylococcus aureus, Staphylococcus
epidermidis, Escherichia coli etc.The
results show that 98% (245) of such
specimen collected before bathing, does
not yield observable growth of the
organism in the study, 84% (210) of the
swab specimen collected after bathing
harbored Aeromonas specie, 100% (250)
Leeches specimens harbored Aeromonas
specie, while 13.6% (63) of the total
isolates were PCR confirmed as
Aeromonas hydrophila (Table 1). The
various isolated organisms reported the
following morphological and biochemical
results; Amylase positive, motile, Gram-
negative, cytochrome oxidase-positive, gas
production positive from glucose, glucose
fermentation positive, salicin fermentation
positive, HoS positive, arginine dihydrolase
positive, ornithine decarboxylase negative,
ONPG positive and L-arabinose utilization
positive.
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Table 1: Showing the distribution of Aeromonas amongst the collected specimen

Numb. Collected Numb positive Numb negative Numb Numb of
Before After Aeromonasspp Aeromonasspp Positive Confirmed
Specimen Code Bathing Bathing Before(%)After(%) Before (%) After (%) Biofilm  A. hydrophila

RecA (AmenA) 94 92 3(3.2) 80(87.0) 91(96.8) 12 (13) 15/215 13

RecB (LegitO) 80 86 2(2.5) 72 (83.7) 78(97.5) 14(16.3)  10/215 9

RecE (KeldoE) 76 72 Nil  58(80.6) 76(100) 14 (19.4) 8/215 5
Leeches 250 250 (100) Nil 51/250 36

Total 750 465 285 84 63
Virulence associated genes of the isolates lipase (Lip) gene (59/63; 93.7%),
The various members of the A.hydrophila, haemolysin (hhyl) gene (47/63; 74.6%) in
(63 isolated/confirmed members) were addition to diverse virulent phenotypes,
subjected to virulent determinative test and biofilm  formation,  motility, extra-
were observed to harbor the cytotoxic chromosomal DNA (plasmid) acquisition
enterotoxin (act) gene (57/63; 90.5%), and multiple antibiotic resistance.

B detected numbers

Fig 2: Numbers of occurring detected antibiotic resistant genes and virulent determinants

and their antibiogram and percentage

Antibiogram of isolates .. ) )
g sensitive is as shown in Table 2. The

Following the repeated reports on the antibacterial ~ susceptibility profile of
occurrence of antibiotic-resistant isolates reveals resistance to; penicillins
pathogens in the globe, there are limited (100%), gentamycin (77.6%), streptomycin
chances of antibiotic choice for therapeutic (74.0%)], cloxacillin (96.3%), cefixime
management. The isolates were subjected (67.1%), ampicillin (98.3%), cefuroxime

to a battery of antibiotics as listed earlier (52.9%), ceftazidime (70.8%), cefotaxime
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(45.0%) and tetracyclines (88.2%)].
However, susceptibility was observed
amongst  nitrofurantoin  (76.6%), and
fluoroquinolones [nalidixic acid (81.1%),
ciprofloxacin  (89.5%) and ofloxacin
(77.6%)] members. The  multidrug
resistance profile of the isolates in this
study revealed that 272 (58.5%) of the total
isolates were multidrug-resistant and their
MARIndex at 0.57 as shown in Table 3.

Curing Analysis

An observable change in the pre-treatment
and post-treatment antibiogram  was
recorded in the curing process which
indicates that plasmid was responsible for
some of the resistance observed amongst
the potential pathogen. The plasmid
extraction experiment shows that 65.1%
(41) harboured plasmid of size range 1kbp
—20kbp which has made the isolate that
harboured plasmid produces a differing
antibiogram  from  the  pre-curing

experiment (Table 4, fig 2). However,
22.2% (14/63) of the multidrug-resistant
isolates were chromosomally mediated, as
the curing report shows a mirror prototype

of resistant profile as observed before the
curing experiment.

Transformation and Conjugation

The results on mating the wild organism
(A.hydrophila) with the recipient strain
shows that 27(42.9%) of the isolates had
transferable  plasmids  with  resistant
markers as follows; Pen", Tet", Aug’,Cxc',
Gen', Strf, ChI" and amp'. The
transformation analysis further confirms
that these plasmids were harbouring
multiple resistant markers both from
isolates of skin and leeches. These
pathogens  possess  similar  resistant
markers, virulent genes, extra-
chromosomal DNA (plasmid) of similar
band size and resistant genes. This is an
indication that the organism originates
from a similar parent or may have in their
existence had contact and shared
extrachromosomal DNA components. It
was observed that 23.8% of the isolated
plasmids could not be transferred to the
standard recipient strain. This may be as a
result of/or inability of plasmid reception
by the standard strain and the rate of
plasmid loss during sample analysis.

1500bp
1000bp
500bp

100bp

Figure 3: Plasmid profile of multiple drug resistance Aeromonas species analyzed with 0.8%
agarose gel electrophoresis. L is 100bp-1.5kb ladder (molecular marker). Lanes 1, 2, 3, 5, 6,
and 7 are positive for plasmid, lanes 5, 6, 7 had multiple plasmid bands with size >1.5kbp
while Lanes 4 and 8 were negative for plasmid acquisition.
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Table 3: Antibiogram and Resistance Markers of Isolates after Curing

Bacterial Strain Number  Resistant Markers MAR Index Resistant genes
of Isolates detected
(%)
Aeromonas 251(54.0) CAZ',CTX"AUG'PEN',CXC', 0.57 blarem, blashy
hydrophila CEF",CXM', CRX"
N=63 272 (58.5) PEN',GEN', STR' ,KAN', CXC', 0.52 blaampcblarem
AMX'", AMP'", AUG', SPC'
322 (69.2) PEN', AUG',CXC",AMX'", AMP", 0.39 blaampcblarem, blashy
284 (61.1) CAZ", CTX",CEF",CXM', CRX' 0.39 blarem, blashy
254 (54.6) STR',KAN',GEN', SPC' 0.35 blaampc
30 (6.5) NAL'",CIP",OFL", 0.22 Nil
391(84.1)  MERO',CXC'PENAMP AMX',  0.30 blaampc,blarewm, blagy
AUG'
75 (16.1) ERY'COT", SXT', CHL', NIT, 0.30 Nil
TET',

Table 4: Transformation of R-Plasmid to Recipient Escherichia coli K-12

Isolates Numbers ~ Numbers Numbers Numbers Numbers Prevalence of
Isolated harbouring resistant sensitive Conjugated and R-Plasmid (%)
Plasmid (%) after curring after curring Transformed
(%) (%) to Esch. coli
K-12 (mob-
Plasmid) (%)
Aeromonas 63 41 (65.1) 17 (27.0) 44 (69.8) 27 (42.9%) 65.1
hydrphila
N=63

Table 2: Percentage resistant and Susceptibility of isolates

Antibiotics, code and concentrations of Sensitive/Resistance | Aeromonas specie
Oxoid, andAbtek Biologicals England (%)

356 (76.6)
33 (7.1)
76(16.3)

NIT: Nitrofurantoin 200ug

361 (77.6)
77 (16.6)
27 (5.8)

OFL: Ofloxacin ~ 5ug

416(89.5)
32 (6.9)
17 (3.7)

CPR: Ciprofloxacin 5ug

89 (19.1)
15 (3.2)
361 (77.6)

GEN: Gentamicin 30ug

74 (15.9)
47 (10.1)
344 (74.0)

STR: Streptomycin 30ug

O — WO — Wm0 —unlxog—umwxog—ow
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TET: Tetracycline 30ug

30 (6.5)
25 (5.4)
411 (88.2)

CHL.: Chloramphenicol 30ug

77 (16.6)
76 (16.3)
312 (67.1)

ERY: Erythromycinl0ug

84 (18.1)
64 (13.8)
317 (68.2)

AUG: Augumentin 30pg

43 (9.3)
35 (7.5)
387 (83.2)

PEN: Penicillin 30ug

0(0.0)
0(0.0)
465 (100.0)

AMP: Ampicillin  30ug

5(1.1)
3(0.7)
457 (98.3)

CXC: Cloxacillin 30ug

7(1.5)
10 (2.2)
448 (96.3)

CRX: Cefuroxime 30ug

178 (38.3)
41 (8.8)
246 (52.9)

CAZ: Ceftazidime 30ug

79 (17.0)
57 (12.3)
329 (70.8)

CXM: Cefixime 30ug

78 (16.8)
75 (16.1)
312 (67.1)

CTX: Cefotaxime 30ug

165 (35.5)
91 (19.6)
209 (45.0)

NAL: Nalidixic acid 30ug

377 (81.1)
64 (13.8)
24 (5.2)

AMX: Amoxacilin25ug

9 (1.9)
10 (2.2)
446 (95.9)

SXT: Septrin25ug

O — WO —umxo—um|gd—unod—umg—un|lgd—umlg—umg—um|gd—ung—umwlog—unuxg—umulxong—ow

24 (5.2)
18 (3.9)
423 (91.0)
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S 29 (6.2)
COT: Cotrimoxazol25ug I 33(7.1)
R 404 (86.9)
S 28 (6.0)
SPC: Spectinomycin 100ug I 47 (10.1)
R 390 (83.9)
S 46 (9.9)
MER: Meropenem 10ug I 39 (8.4)
R 380 (81.7)
S 33(7.1)
KAN: Kanamycin 30ug I 29 (6.2)
R 403 (86.7)

1000bp

500bp
356bp

100bp

Fig 4: Shows the positive A. hydrophila using the 16SrRA gene. L is a Molecular marker
while number 1 is a positive control, number 2 (negative control) 3,4,5,6,7,8,9 are positive

4 5 @ f SHINI0 1% &2 43 14 15816

¥
1000bp ' '

535bp ¥ '..'i -
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Fig 5: Shows the positive BlaTem gene. L is a Molecular marker as number 1 is a positive
control, while numbers 2,4,5,8,9,10,11,12,14,15,19 are positive while numbers 3,6,7,13,16,
17,18 are negative

100bp

500bp

232bp

100bp

Fig 6: Shows the positive cytotoxic enterotoxin (act) gene. L is a Molecular marker while
number 1 is a negative control, number 2 (positive control) 3,4,5,6,7,8,10,11,12,13 are
positive samples, while 9 isnegative
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1000bp

500bp
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100bp

Fig 7: Shows the positive lip gene.

L

718l 11 3218 14 As 1617 18

is a Molecular marker while numbers

6,9,10,11,13,14,17,18,21 are positive while numbers 2,3,4,5,7,8,12,15,16,19,20 are negative

1000bp
500bp
130bp

100bp

Fig 8: Shows the positive haemolysin (hhly) gene. L is a Molecular marker while Number 1 is
a negative control, number 2 (positive control) 3,4,5,6,7,8, 9 are positive

500bp

382bp

100bp

Fig 9: Shows the positive lipase (lip) gene. L is a Molecular marker while Number 1 is a
negative control, number 2 (positive control) 3,4,5,6,7,8, 9 are positive

DISCUSSION

Aeromonas species have been implicated
in diverse clinical cases affecting man,
animals and aquatic lives were its
implicated in travellers’diarrhoea,
nosocomial infection, and clinical cases
associated with hurricanes, tsunamis, and
earthquakes (Vila et al., 2003). These cases
have shown failure in treatment owning to
multiple antibiotic resistances (Igbinosa et
al., 2012; Vivas et al., 2004). This study

has revealed similar multiple antibiotic-
resistant determinants amongst organisms
isolated from annelids which probably may
not have been exposed to such antibiotics.
Amongst the 465 isolates of Aeromonas
species observed, 63 of them were A.
hydrophila (fig 4). One of the
determinative phenotypic characterizations
was amylases production which was
indicated by adding 3 ml of Gram’s
(Lugol’s) iodine solution to a starch
ampicillin culture media, a yellow to
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slightly brownish colonies were reported as
amylase positive colonies. This
observation corroborates a previous report
by Khamesipouret al.,(2014). Amongst the
isolated strains, 84 (18.07%) were positive
for biofilm formation of which 63 (97.6%)
were A. hydrophila. Biofilm formation
among the pathogen is one of the factors
that determine bacterial colonization and
attachment to surfaces in their mechanism
of infectivity in skin-related infections
(carbuncles,  furuncle or cellulitis),
nosocomial infections, community-
acquired infections etc (Vila et al., 2003).
It’s also a factor that enhances pathogens
infectivity amongst fish gonads as depicted
in the previous report of Guerra et al.
(2007) that biofilm formation is associated
with the pathogenicity of A. hydrophila
isolates. This finding is in agreement with
the recent observation of Igbinosa et al.
(2015; 2017) and Jiang et al. (2015) who
reported that biofilm is an important
pathogenic factor amongst Aeromonads.
Important from our study was the
observation of 31/36 (24.6%) strains of
A.hydrophila isolated from the H.
medicinalis (Leeches) reporting positive to
biofilm formation which is an indication of
pathogenic potentials and public health
relevance of the isolates. Other health-
related genotype observed in the
A.hydrophila  detected were diverse
virulent indices which are associated with
enterotoxicity, cytotoxicity and lipase.
Amongst the total A.hydrophila isolated, 3-
haemolysis was observed in 74.6%
(47/63). A similar report was previously
reported in Japan, Barcelona and Spain
from clinical, food and environmental
sources isolates. The studies of Miyagi et
al. (2016) revealed that 78.3% of
Aeromonas  species  isolated  from

environmental water used for domestic
purposes in Okinawa Prefecture, Japan,
produces P- haemolysis. This virulent
index was further confirmed by the PCR
gene-based technique as 74.6% (47/63)
were confirmed. Other virulent
determinants observed during the study
were Aeromonas cytotoxic enterotoxin
(act: 57/63) and lipase (Lip: 59/63) as
shown in figures 6,7,8,9.

Aeromonads has been reported as an
emerging pathogen of high clinical
relevance with the increasing acquisition of
resistance to numerous antibacterial agents.
Multiple Antibiotic Resistance (MAR) is a
significant public health concern that has
welcome global attention. This study
revealed that the A.hydrophila isolated
possess multiple antibiotic resistance as
depicted in Table 3.This result suggests the
possible reason for the delay in healing of
some patient with infected wound, which
were ICU hospitalised in the sampled study
area. Consistent observation during the
study was a high sensitivity of the
organism  to members  of  the
fluoroquinolones {Nalidixic acid
Ciprofloxacin andOfloxacin}. This result is
contrary to a previous report in the United
State by Sen and Rodgers, (2004) which
suggests that fluoroquinolones have lost
their effectiveness due to resistance (Sen
and Rodgers 2004; Jalal and Wretlind,
1998), but similar to the reports of Zong et
al. (2002) that the fluoroquinolone
antibiotic members are the most effective
against  isolated  strains.  Although
Aeromonads sensitivity to nitrofurantoin is
seldom reported in the literature, it has
been seen as an effective antibiotic for the
treatment of systemic infections and a
possible antibiotic for Aeromonas systemic
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infection. This study reveals a high
susceptibility of the pathogen to
nitrofurantoin  which is similar to the
reports documented by Jombo et al. (2008)
and Lupiola-Gomez et al. (2003). Another
important report of the study is the
resistant nature of the isolates to the third
generation cephalosporin and gentamicin,
which are markers of extended-spectrum [-
lactamase (ESpFL). This report is contrary
to the previous results from Zong, et al.
(2002) in the USA that Aeromonads are
susceptible to third-generation
cephalosporin  and members of the
aminoglycoside. There was also an
appreciable resistance to other members of
the cephalosporin. This report differs from
the observations of Igbinosa et al. (2017)
on the susceptible nature of the organisms
to cefuroxime, although other investigators
reports were similar. To affirm the
susceptibility or resistance to the third-
generation  cephalosporins, a culture-
dependent method and PCR gene detection
were conducted. Result reveals that isolates
with  positive  extended-spectrum -
lactamase markers  (blaampc, blatem,
andblashy) produce into the medium f-
lactamases using the detection method
described previously by Igere et al.
(2020b).The PCR gene detection of such
resistant ESFL markers further confirmed
the phenotypic resistant markers observed.
It was observed that73.02% (46/63) were
positive toblaampc, 63.5% (40/63) were
positive to blarem, while 46.03% (29/63) of
them were positive toblasw. All isolates
produced PCR amplified products at
535bp, 882bp and 930 bp as reported in the
gel documentation system, which affirms
the clinical relevance of the pathogens (fig
5).

Our study also reveals that A.hydrophila
isolated from both Hirudomedicinalis and
skin swab of users (bathers) of the
recreational centres harboured plasmids of
similar size (fig 1). A 65.1% (41/63) of the
total isolates show plasmid bands with size
ranging from  1000bp-20000bp. The
isolated plasmids were transferrable from
the wide type A.hydrophila onto recipient
Escherichia coli K-12 strain {33.3%,
(21/63)}, indicating that it carries the F-pili
or tendency to share extra-chromosomal
materials. The 22.2% (14/63) of isolated
plasmids which could not be transferred to
the standard recipient strains may have
resulted from the inability of plasmid
reception by recipient strain and the
possible rate of plasmid loss during sample
analysis. It may also be adjudged as the
presence of cryptic plasmid. This is similar
to the previous report by Yah et al.(2007).
Also, 27.0% (17/63) of the multidrug-
resistant isolates were chromosomally
mediated as the resistance was retained
after curing. A similar report was
documented in the study of Stratevaand
Odeyemi, (2016), who demonstrates the
spread of Tet', plasmids amongst A.
hydrophila and E. coli in men and
aquaculture in different geographical
regions.

Public health Concern

The isolation of Aeromonads (Aeromonas
hydrophila) from the gut of leeches
(Hirudomedicinalis) within Oghara
environs indicates that Leeches are
potential reservoirs or breading hub of both
the potential pathogen and multidrug-
resistant strains as the strains has not been
implicated in disease case. In addition, the
isolates characterized plasmids shows that
isolates may have risen from similar origin
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since it has similar size and related
resistant markers as those isolated from
Leeches (Hirudomedicinalis) gut from the
recreational centres as depicted in the
plasmid DNA analysis. Going by the
aforementioned, attention needs to be
drawn to this area to prevent resistance
spread as Hirudo medicinalis has shown a
vector tendency for the spread of
resistance. Other life’s in water bodies
such as fishes may also serve as a potential
reservoir for the organism and the resistant
nature of the organism can result in MAR
dissemination to the ecosystem. In the
environment, this may affect foodchain,
livestock, animal husbandry and human
subjects as  previously documented
(Stratevaand Odeyemi, 2016; Rosenberg-
Goldstein et al., 2014; Huddleston et al.,
2006). There may also be possible
potential  health  concern  amongst
occupational (fishermen) recreational site
visitors who come in contact with water
and living organisms (fish etc) and their
aerosols downstream regarding
Aeromonads exposure. This is similar to
the previous report of Skwor et al. and
other investigators that there is a possibility
of a contact-borne pathogen spread
amongst fish handlers as well as related
systemic diseases (Skworetal.,2014;
Cabello et al., 2013; Huddleston et al.,
2006; Goni-Urrizaet al., 2000; Lehane and
Rawlin, 2000; Austin and Austin, 1999). It
is important to note that succumbing to
A.hydrophila infections by patients
depends on host immune status and some
medical conditions hence occupational and
recreational exposure is the hot spot that
should attract clinicians’ interest. The
reports of this study are most akin to the
reports of Strateva and Odeyemi, (2016).

CONCLUSION

Although leeches used during the study
were accessed as apparently healthy, all of
them were carrier of the pathogen
(A.hydrophila),which possibly endanger
recreational centre visitors. The phenotypic
and biochemical characterization should
follow molecular 16SrRNA gene detection
and virulence/resistant gene typing. DNA
or amplicon sequencing and sequence
homology studies were not accessed in the
study as funds available could not take care
of such. However, the antibacterial
resistance profile of isolated A.hydrophila
and PCR detection of virulent/resistant
gene was accessed. The presence of
multiple antibiotic-resistant genes and
plasmid mediation by the isolates as well
as the association of the isolated organisms
with plasmid patterns of similar size
amongst specimen collected indicates
Hirudo medicinalis as a breeding hub or
reservoir for multiple antibiotic-resistant
organism and plasmids. There is a need for
a regular and continuous environmental
monitoring scheme as well as an increased
awareness program on the potential
transfer or passage of multiple antibiotic-
resistant markers amongst organisms
within the Oghara environment.
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