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Abstract

Coastal marine environments are one of the most productive ecosystems. Nevertheless, anthropogenic

activities have a significant influence on coastal marine biodiversity, resulting in functional changes

in the microbial communities. The presence of antibiotic-resistant bacteria in coastal marine water

is a global public health threat. The current study aimed to investigate the antibiotic resistance profile

of opportunistic pathogenic bacteria isolated from coastal marine water in Jazan (Saudi Arabia). Seven

coagulase-negative Staphylococci of five species were identified as Staphylococcus haemolyticus,

Staphylococcus hominis, Staphylococcus saprophyticus, Staphylococcus equorum, and Staphylococcus

epidermidis. Moreover, the Gram-negative isolates were identified as Providencia rettgeri, Providencia

vermicola, and Pseudomonas oleovorans. Alarming levels of resistance were determined for
the bacterial strains S. epidermidis MG13, S. haemolyticus MG14, and P. rettgeri MG7. The existence
of multi-drug resistant opportunistic pathogenic bacteria in the coastal marine water in Jazan could

pose a potential threat to human health.
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Introduction

In the marine environment, wide arrays of bacterial
communities are found,; some of them are pathogenic.
Marine pathogenic bacteria are thought to be the cause
of a number of infectious diseases in both human and
marine organisms [1]. Natural marine pathogens of the
genera Vibrio, Aeromonas, Shewanella, Halomonas, and
Pseudomonas are extremely important for human health

*e-mail: ashraf.essa@yahoo.com

[2, 3]. Many human activities, including agricultural
runoff, urban runoff, sewage effluent, and recreational
activities, are responsible for the presence of most
of the human pathogens in coastal marine ecosystems
[4, 5]. Several members belonging to Enterobacteriaceae,
such as Salmonella, Klebsiella, Proteus, Escherichia,
Serratia, Providencia, Shigella, and Enterobacter,
arrive in marine environments as a result of human
and animal fecal contamination [6]. Staphylococci are
a diverse genus of Gram-positive bacteria commonly
found in the human microbiota of the skin and mucosal
membranes [7]. Based on their ability to produce
the clotting enzyme coagulase, they are divided
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into coagulase-positive staphylococci (CoPS) such
as Staphylococcus aureus and coagulase-negative
staphylococci (CoNS), including S. epidermidis, S.
haemolyticus, S. lugdunensis, S. equorum, S. xylosus,
S. capitis, S. hominis, and S. warneri. Staphylococcus
aureus has been considered an important human
pathogen for many years, while coagulase-negative
staphylococci have been regarded as being non-
pathogenic. At the moment, CoNS is admitted as a
major nosocomial pathogen, with S. epidermidis and S.
haemolyticus being the foremost critical species [§].
The presence of potentially pathogenic Staphylococcus
species such as S. aureus, S. pseudintermedius and
various CoNS has been confirmed in surface waters [9].

The growth of pathogenic bacteria in marine water
is influenced by various aspects, including temperature,
pH value, dissolved oxygen, and salinity. Moreover,
higher concentrations of nutrients in association with
suspended matter have been recorded to boost the
persistence of pathogenic bacteria in coastal marine
water [10, 11]. The excessive use of antibiotics has led
to the reduction of susceptible pathogenic bacteria
and the increment of resistant populations against
multiple antibiotics. Several studies have reported the
presence of antibiotic-resistant bacteria in different
aquatic environments, including surface waters [12],
wastewater [13], and recreational coastal waters [14]. An
increased number of researchers have concentrated
on studying the antibiotic resistance in clinical
isolates, but more consideration should be given to
the investigation of the bacterial antibiotic resistance in
natural environments [15, 16]. In marine environments,
mainly the coastal waters, waste effluent discharged into

marine water is associated with a wide array of bacteria
carrying various antibiotic resistance genes that can be
transferred into other marine bacteria. The current study
aimed to evaluate the antibiotic resistance profile of
pathogenic bacteria isolated from coastal marine water
in Jazan.

Material and Methods

Marine Water Sample Collection
and Physicochemical Analyses

Red Sea coastal marine water samples were
gathered from different locations at Jazan, Kingdom
of Saudi Arabia. Fig. 1: Al-Marjan Beach (16°50°06”N
42°34°26”E), near the Sewage Treatment Plant in
Jazan (16°46°59”N 42°40°22”E), and in front of Jazan
University (16°57°53”N  42°32’13”E). Sampling was
conducted from September 2019 — July 2021. Water
samples were collected in sterile water bottles
for laboratory analyses and kept at 4°C until their
processing. Surface seawater was collected using clean
polypropylene bottles. Salinity and specific gravity were
tested using the Iwaki Refractometer (Iwaki, Japan).
Temperature, pH, and electrical conductivity (EC) were
measured using a SevenMulti pH/conductivity meter,
(Mettler Toledo, Greifensee, Switzerland).

All media used in this study were purchased
from HiMedia, India, and prepared according to the
manufacturer’s instructions. MacConkey agar, mannitol
salt agar, and blood sheep agar were prepared according
to the manual instructions. Pathogenic bacteria were

Fig. 1. Sites of bacterial isolation from Red Sea coastal water at Jazan (Saudi Arabia), where a) Al-Marjan Beach, b) near Jazan Sewage

Treatment Plant, and c) in front of Jazan University.
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Table 1. Physicochemical properties of seawater collected from
coastal marine water in Jazan, Saudi Arabia.

Properties Location | Location | Location
(A) (B) ©)
pH value 7.9 7.8 8.1
Electrical conductivity 71114 69.473 65.654
(mS/cm)
Specific gravity 1.022 1.029 1.026
Salinity (ppt) 36.3 34.9 35.6

isolated from coastal marine water in Jazan, Saudi
Arabia: isolates MG3, MGI2, and MGI16 from Al-
Marjan Beach; isolates MG13, MG14, MG17, and MG18
from seawater near Jazan Sewage Treatment Plant; and
isolates MG1, MG7, and MGI15 from seawater in front
of Jazan University. One hundred microliters of each
dilution were plated on Mannitol Salt, MacConkey, and
Blood Sheep Agar plates. After incubation for 24 hours
at 37°C, the colonies were examined. The developed
colonies were repeatedly streaked onto new plates to
obtain pure isolates. Then the purified isolates were
maintained at -50°C in 50% glycerol for further analysis.

Table 2. Physiological and biochemical characterization of the Gram-positive bacteria isolated from coastal marine water in Jazan, Saudi

Arabia.
Bacterial isolates
Physiological and biochemical tests
MG1 MG3 MG13 MG14 MG15 MG16 MG17
Gram stain +ve +ve +ve +ve +ve +ve +ve

Shape Cocci Cocci Cocci Cocci Cocci Cocci Cocci
Catalase + + + + + + +
Coagulase - - - - - - -
Crystal Violet - - - - - - -
Nitrate - + + + + + T
PNP-B-D-Glucuronide - + + - - - -
Indoxyl Phosphatase - - - - - - -
Voges-Proskauer - - - - - - -
Optochin + + + + + + +
Phosphatase - - - - - - -
Bile-Esculin - - - - - - -
Pyrrolidonyl-B-naphtylamide - - + + - + -
Arginine - - + + - + _
PNP-B-D-Galactopyranoside + + - + - + +
Urea + + - - + - +
Mannitol + + + + - - -
Lactose + - - + - - +
Trehalose + - - + + + +
Mannose - - - - - - -
Arabinose - - - - - - -
Bacitracin + + + + + + +
Inulin - - - - - - -
Pyruvate - - - - - - -
Raffinose - - - - - - -
Ribose + + - - - - -
Sorbitol - - - - - - -

(+): positive results, (-): negative results
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Fig. 2. The evolutionary history of the coagulase negative staphylococci based on the 16S rRNA gene sequences of the isolates MG1,
MG3, MG13, MG14, MG15, Mgl6, and MG17. Neighbor-joining cladogram constructed in MEGA 11.

The purified isolates were subjected to Gram staining
in order to classify the bacterial isolates according
to the staining characteristics conferred by their cell
walls. The bacterial isolates were subjected to different
biochemical assays, including the oxidase reaction,
catalase, and coagulase tests [17].

Biochemical Characterization and Antibiotic
Susceptibility Tests of the Bacterial Isolates

The MicroScan WalkAway 96 Plus automated system
(Siemens Healthcare Diagnostics, West Sacramento,
CA, USA) was utilized to investigate the biochemical
characterization of the isolates [18] according to
the manufacturer’s guidelines. A single colony of
overnight cultures was standardized promptly using

the prompt inoculation system. Results were recorded
and transferred to the LabPro software (Version 2.0).
The system uses fluorogenic substrates and a pH
indicator. The antibiotic sensitivity test of the bacterial
isolates was performed using the MicroScan WalkAway
96 Plus automated system. Antibiotic susceptibility
test results were interpreted, and bacterial isolates
were categorized as susceptible (S), intermediate (I),
and resistant (R).

Molecular Identification of Bacteria

The pathogenic bacteria isolated from coastal
marine water in Jazan were subjected to 16S rRNA gene
sequencing at the National Center for Disease Prevention
and Control (Jazan, Saudi Arabia), where the standard

Table 3. Molecular identification of the bacteria isolated from coastal marine water in Jazan, Saudi Arabia.

Bacterial isolates Identification GenBank Accession number
MG1 Staphylococcus saprophyticus 00Q699140.1
MG3 Staphylococcus equorum 00Q699130.1
MG13 Staphylococcus epidermidis 0Q699131.1
MG14 Staphylococcus haemolyticus 00Q699132.1
MGL15 Staphylococcus hominis 0Q699133.1
MG16 Staphylococcus haemolyticus 0Q699134.1
MG17 Staphylococcus epidermidis 00Q699136.1

MG7 Providencia rettgeri 0Q699152.1
MG12 Pseudomonas oleovorans 0Q699155.1
MGI18 Providencia vermicola 0Q699153.1
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bacterial procedure was used to extract the genomic
DNA [19]. The PCR reaction was performed using the
primers 16S F2 (5-TCCTACGGGAGGCAGCAGT-3’)
and 16S R2 (5~ GGACTACCAGGGTATCTAATC
CTGTT-3"). The PCR mixture was prepared according
to the method described by Essa et al. [20], and
the PCR was run for 35 cycles under the following
conditions: denaturation for 30 seconds at 94°C,
annealing for 30 seconds at 58°C, extension for one
minute at 72°C, and a final extension for five minutes.
The PCR products were examined by electrophoresis
on a 0.7% horizontal agarose gel at 15 V cm? for
60 minutes. After purification, the PCR products were
sequenced at Macrogen Co., Ltd., Seoul, South Korea.
The sequence analysis was accomplished using the
sequence alignment software BLAST (NCBI database;
http://www.ncbi.nlm.nih.gov). The evolutionary history
of the bacteria was inferred based on the 16S rRNA
gene sequences using the Neighbor-Joining method.
The evolutionary distances were computed using the
Maximum Composite Likelihood method and are in
units of the number of base substitutions per site. This
analysis involved seven nucleotide sequences. All
ambiguous positions were removed for each sequence
pair (pairwise deletion option). Evolutionary analyses
were conducted in MEGAT11 [21].

Results and Discussion

Isolation and Identification of the Marine
Pathogenic Bacteria

The data in Table 1 demonstrated the
physicochemical characteristics of the seawater from the
different locations at Jazan (Saudi Arabia). The averages
for salinity, pH value, specific gravity, and electrical
conductivity were 35.6 ppt, 7.9, 1.026, and 68.7 ms/cm,
respectively. The bacterial isolates obtained from coastal
marine water at different locations in Jazan, Saudi
Arabia, were subjected to various physiological and
biochemical analyses. The Gram-positive isolates MGl,
MG3, MG13, MG14, MG15, MG16, and MG17 all showed
positive results with the catalase test and negative
results with the coagulase test. The data listed in Table 2
demonstrated the biochemical characters of the Gram-
positive isolates. These bacteria isolated belonged to
coagulase-negative staphylococci. The bacterial isolates
were identified using the 16S rRNA gene sequencing
technique, and the obtained DNA sequences were aligned
with the corresponding sequences in GenBank using the
BLAST program, and the 16S rRNA gene sequences
of the isolates were deposited in GenBank (Table 3).
The isolates MG1, MG3, MG13, MG14, MG15, MG16, and
MGI17 were identified as Staphylococcus saprophyticus,
Staphylococcus equorum, Staphylococcus epidermidis,
Staphylococcus haemolyticus, Staphylococcus hominis,
Staphylococcus  haemolyticus, and Staphylococcus
epidermidis, respectively. A phylogenetic tree based on

the 16S rRNA gene sequences of the coagulase-negative
staphylococci has been constructed. It is clear that
these isolates are closely related to the Staphylococcus
genus (Fig. 2). Similar results were recorded by Soge
et al. [22], who isolated Staphylococcus aureus,
Staphylococcus capitis, Staphylococcus epidermidis,
Staphylococcus saprophyticus, Staphylococcus
sciuri, and Staphylococcus simulans from marine
water and the intertidal beach sand of public beaches

Table 4. Physiological and biochemical characterization
of'the Gram-negative bacteria isolated from coastal marine water
in Jazan, Saudi Arabia.

Bacterial isolates

MG12

Physiological and
biochemical tests MG7

MG18

Gram stain -ve -ve -ve

Shape

Oxidase - + -

Nitrate + + +

Voges-Proskauer - - -

Arginine - - -

Urea + - +

Arabinose - - -

Raffinose - - -

Sorbitol + - -

Glucose + - +

Sucrose - - -

Rhamnose

Inositol + - -

Adonitol + - +

Melibiose - - -

Hydrogen Sulfide - - -

Indole + - -

Lysine - - -

Ornithine - - -

Tryptophan Deaminase + - +

Esculin - - -

Citrate + - +

Malonate - + -

o-Nitrophenyl-D-
Galactopyranoside

Tartrate - - -

Acetamide - + -

Cetrimide - - -

(+): positive results, (-): negative results
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Fig. 3. The evolutionary history of the Gram-negative bacteria based on the 16S rRNA gene sequences of the isolates MG7, MG12, and

MG18. Neighbor-joining cladogram constructed in MEGA 11.

in Washington, USA. Coagulase-negative staphylococci
are typical opportunists that represent one of the
major nosocomial pathogens affecting human life
and health, including Staphylococcus epidermidis,
Staphylococcus lugdunensis, Staphylococcus
haemolyticus, Staphylococcus capitis, Staphylococcus
hominis, Staphylococcus simulans, and Staphylococcus
warneri [8]. The presence of Staphylococcus spp. in
marine water is mainly attributed to anthropogenic
activities. Some studies correlated the potential
contamination of the coastal marine water with
Staphylococcus spp. to the beachgoers [23, 24].

Regarding the Gram-negative isolates, MG7
and MGI8 demonstrated negative results with the
oxidase test, while MGI12 recorded a positive result.
The data listed in Table 4 demonstrated the biochemical
characters of the Gram-negative isolates. Based on
the molecular identification technique (Table 3),
the Gram-negative isolates MG7, MGI12, and MGIS8
were identified as Providencia rettgeri, Pseudomonas
oleovorans, and Providencia vermicola, respectively.
At the same time, a phylogenetic tree based on 16S
rRNA gene sequences of the Gram-negative strains
clarified that isolates MG7 and MG18 are closely related
to the Providencia genus, while isolate MG12 is closely
related to the Pseudomonas genus (Fig. 3). In accordance
with that, Samanic et al. [25] isolated colistin-tolerant
Providencia and Pseudomonas spp., in addition to
other human pathogenic bacteria from the costal marine
environment in the Croatian Public. In fact, Providencia
spp. has been reported as a normal flora of the human
intestinal tract and are the most common causes of
infections in hospitalized patients [26, 27]. However,
some Providencia species were isolated from wastewater
and contaminated soil [28, 29].

Antibiotic Resistance Profile
of the Bacterial Strains

Antimicrobial resistance represents a major public
health concern around the world. Less attention is paid
to commensal and environmental microorganisms,
which may carry antibiotic resistance genes. The
antibiotic resistance profile of the Gram-positive
strains (Table 5) showed a clear multidrug resistance
of the strains Staphylococcus epidermidis MGI13
and  Staphylococcus haemolyticus MGI4  against
wide arrays of antibiotics, including ampicillin
(MIC>8), cefoxitin (MIC>4), ciprofloxacin (MIC>2),
clarithromycin (MIC>4), erythromycin (MIC>4),
levofloxacin (MIC>4), moxifloxacin (MIC>1), oxacillin
(MIC>2), penicillin (MIC>8), and tetracycline (MIC>8).
Meanwhile,  Staphylococcus  haemolyticus ~ MGI
showed resistance against clarithromycin (MIC>4),
erythromycin (MIC>4), fosfomycin (MIC>32), and
penicillin  (MIC>8). Staphylococcus hominis MGI5
showed resistance against clarithromycin (MIC>4),
erythromycin (MIC>4), and penicillin (MIC>8). On the
contrary, Staphylococcus equorum MG3 demonstrated
sensitivity against the tested antibiotics. These results
are in harmony with those of Manoharan et al. [30],
who determined antibiotic resistance patterns in
clinical isolates of Staphylococcus haemolyticus against
cefoxitin, erythromycin, trimoxazole, clindamycin,
tetracycline, and linezolid. In 2021, Alahmadi and his
colleagues [31] reported the isolation of multi-drug
resistant Staphylococcus haemolyticus in nosocomial
infections in North Western Saudi Arabia. At the same
time, antimicrobial resistance rates were detected
in coagulase-negative staphylococci isolates from
environmental or clinical samples against a wide
range of antibiotics such as ampicillin, amoxicillin/
clavulanic acid, linezolid, tetracycline, oxacillin,
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Table 5. Antibiotic resistance profile and antibiotic minimum inhibitory concentration of the Gram-positive bacteria isolated from coastal

marine water in Jazan, Saudi Arabia.

Antibiotic resistance profile and minimum inhibitory concentration (mg/1)
Antibiotics S. saprophyticus | S. equorum | S. epidermidis | S. haemolyticus | S. hominis | S. haemolyticus | S. epidermids
MGl MG3 MGI13 MG14 MG15 MGI16 MG17

Amox\K Clav S S S S S S S

Ampicillin S S S R>8 S S R>8
Cefoxitin Screen S S S R >4 S S S
Cephalothin S S S S S S S
Chloramphenicol S S S S S S S
Ciprofloxacin S S R>2 R>2 S S S
Clarithromycin R>4 S R>4 R>4 R>4 R>4 S
Clindamycin I S S S S S S
Daptomycin S S S S S S S
Erythromycin R>4 S R>4 R >4 R>4 R>4 S
Fosfomycin R>32 S S S S S S
Fusidic Acid S S S I I S I
Gentamicin S S S S S S S
Levofloxacin S S R>4 R >4 S S S
Linezolid S S S S S S S
Moxifloxacin S S I R>1 S S S
Netilmicin S S S S S S S
Oxacillin S S R>2 R>2 S S S

Penicillin R>8 S R >8 R>8 R>8 S R>8
Rifampin S S S S S S S
Synercid S S S S S S S
Teicoplanin S S S S S S S

Tetracycline S S R>8 R>8 S S R>8
Trimeth\Sulfa S S S S S S S
Vancomycin S S S S S S S

S: susceptible, R: resistant, I: Intermediate, nr: not reported

and fusidic acid [32, 33]. Data in Table 6 showed the
resistance pattern of Gram-negative bacteria against
a wide range of antibiotics. Multi-drug resistance
patterns have been recorded by Providencia rettgeri MG7
against amoxicillin/clavulanate (MIC>16\8), ampicillin
(MIC>16), amp\sulbactam (MIC>16\8), aztreonam
(MIC>16), cefotaxime (MIC>16), ceftazidime (MIC>16),
and cefuroxime (MIC>16), while Pseudomonas
oleovorans MG12 and Providencia vermicola MGI8
were sensitive to all the tested antibiotics. These results
are in harmony with Li et al. [34], who demonstrated
the high-level resistance of clinical Providencia rettgeri
against a wide array of antibiotics. Similarly, Wang et
al. [35] clarified the presence of abundant antimicrobial
resistance genes and high resistance ratios against

multiple classes of drugs in various Providencia species,
including P. rettgeri, P. stuartii, P. alcalifaciens, P.
rustigianii, P. heimbachae, P. vermicola, P. huaxiensis,
P. sneebi, P. burhodogranaeriae, P. thailandensis,
and P. friedericiana. The current study revealed the
incidence of different opportunistic pathogenic bacteria
with multi-drug resistance in the marine coastal water
of Jazan. In fact, the occurrence of multi-drug resistant
pathogenic bacteria is growing to hazardous levels
in various geographical areas around the world [36].
Moreover, the presence of clinically relevant antibiotic-
resistant bacteria in the natural environment has
been reported [37, 38]. The environment can serve as
a reservoir of already-resistant pathogens or may
acquire antibiotic-resistant genes from other pathogenic
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Table 6. Antibiotic resistance profile and antibiotic minimum inhibitory concentration of the Gram-negative bacterial isolates obtained

from coastal marine water in Jazan, Saudi Arabia.

Antibiotic resistance profile and minimum inhibitory concentration (mg/1)

Antibiotics

Providencia rettgeri MG7 Pseudomonas oleovorans MG12 Providencia vermicola MG18

Amox\K Clav R>16\8 nr S
Ampicillin R>16 nr S
Amikacin S S S
Amp\Sulbactam R>16\8 nr nr
Azteronam R>16 S nr
Cefazolin nr nr S
Cefepime S S S
Cefotaxime R 16 S S
Cefoxitin S nr S
Ceftazidime R>16 S S
Cefuroxime R>16 nr S
Ciprofloxacin S S S
Ertapenem S nr S
Gentamicin S S S
Imipenem I S nr
Levofloxacin S S S
Meropenem S S S
Moxifloxacin S nr nr
Pip\Tazo S S S
Tigecycline I nr S
Tobramycin S S S
Trimeth\Sulfa S S S

S: susceptible, R: resistant, I: Intermediate, nr: not reported

or environmental bacteria. Horizontal gene transfer via
plasmids, transposons, and integrons may facilitate the
gene exchange between environmental and pathogenic
bacteria, which leads to an increase in the risk of the
co-selection of multiple resistances [39]. Wastewater
treatment plants represent hotspots for antibiotic
resistance emergence and dissemination where they
receive a continuous discharge of antibiotic-resistant
pathogens, antibiotic-resistant genes, and antibiotics
in addition to the commensal microbiota [40-43]. The
pathogenic bacteria may survive and pass through
the wastewater system, reaching the environmental
reservoirs [44, 45].

Conclusions

The results of the current study revealed the
presence of different opportunistic pathogenic bacteria

with multidrug resistance against a wide spectrum of
antibiotics in the marine coastal water of Jazan that may
pose a serious environmental and health hazard. To the
best of our knowledge, this is the first report to indicate
the isolation of multi-drug resistant Providencia rettgeri
from the marine environment in Saudi Arabia until now.
Although the infection of the bacteria depends on the
bacterial species, virulence and resistance mechanisms,
and ecological niche, the current study highlighted the
need for regular monitoring of marine-borne pathogens.
Moreover, the development of more effective disinfection
and treatment methods for wastewater treatment plant
effluents to reduce the release of antibiotics, antibiotic-
resistant bacteria, and antibiotic-resistant genes into the
natural environment is highly recommended. Further
studies are required to seasonally investigate the density
of the pathogenic bacteria and their virulence factors
and resistance genes in coastal marine water.



Author Copy ¢ Author Copy * Author Copy ¢ Author Copy ¢« Author Copy ¢« Author Copy * Author Copy * Author Copy * Author Copy

Characterization of Opportunistic Pathogenic...

Acknowledgments

The authors gratefully acknowledge the Deputyship

for Research and Innovation, Ministry of Education in
Saudi Arabia for funding this research work through
project number ISP23-62.

10.

11.

12.

Conflict of Interest

The authors declare no conflict of interest.

References

EGAN S., GARDINER M. Microbial dysbiosis:
rethinking disease in marine ecosystems. Front. Microbiol.
7, 991, 2016.

HIDALGO R.B., CLEENWERCK I., BALBOA S., DE
WACHTER M., THOMPSON F. L., SWINGS J., DE
VOS P, ROMALDE J.L. Diversity of Vibrios associated
with reared clams in Galicia (NW Spain). Syst. Appl.
Microbiol. 31 (3), 215, 2008.

CHAU R., KALAITZIS J.A., WOOD S. A., NEILAN
B.A. Diversity and biosynthetic potential of culturable
microbes associated with toxic marine animals. Mar.
Drugs. 11 (8), 2695, 2013.

BAGI A., SKOGERBO G. Tracking bacterial pollution
at a marine wastewater outfall site—A case study from
Norway. Sci. Total Environ. 829, 154257, 2022.

SU J., FAN J, MING H., GUO G, FU Y., ZHAO
X., ZHAO S., CHEN Q., GUAN D, JIN Y., SHI T.
The municipal sewage discharge may impact the
dissemination of antibiotic-resistant Escherichia coli in an
urban coastal beach. Water. 14 (10), 1639, 2022.

JANDA JM., ABBOTT S.L. The changing face of the
family Enterobacteriaceae (Order: Enterobacterales):
New  Members, Taxonomic Issues, Geographic
Expansion, and New Diseases and Disease Syndromes.
Clin. Microbiol. Rev. 34 (2), 1128, 2021.

PARLET C.P, BROWN M.M., HORSWILL A.R.
Commensal staphylococci influence  Staphylococcus
aureus skin colonization and disease. Trends Microbiol. 27
(6), 497, 2019.

BECKER K., HEILMANN C., PETERS G. Coagulase-
negative staphylococci. Clin. Microbiol. Rev. 27 (4), 870,
2014.

SILVA V., FERREIRA E., MANAGEIRO V., REIS
L., TEJEDOR-JUNCO M.T., SAMPAIO A., CAPELO
J.L., CANICA M., IGREJAS G., POETA P. Distribution
and clonal diversity of Staphylococcus aureus and other
Staphylococci in Surface Waters: detection of ST425-t742
and ST130-t843 mecC-Positive MRSA Strains. Antibiotics.
10, 1416, 2021.

GUO Y., WU C., SUN J. Pathogenic bacteria significantly
increased under oxygen depletion in coastal waters: A
continuous observation in the central Bohai Sea. Front.
Microbiol. 13, 1035904, 2022.

YU S.X,, PANG Y. L., WANG Y.C, LI JL.,, QIN S.
Distribution of bacterial communities along the spatial
and environmental gradients from Bohai Sea to northern
Yellow Sea. Peer J. 6, 4272, 2018.

STOLL C., SIDHU IJ.P.S., TIEHM A. TOZE S.
Prevalence of clinically relevant antibiotic resistance genes

20.

21.

22.

23.

24.

25.

26.

27.

28.

. BERGEY D.H. Bergey’s

. GANDA R.P,

in surface water samples collected from Germany and
Australia. Environ. Sci. Technol. 46, 9716, 2012.

. GWENZI W,, MUSIYIWA K., MANGORI L. Sources,

behavior and health risks of antimicrobial resistance genes
in wastewaters: A hotspot reservoir. J. Environ. Chem.
Eng. 8, 102220, 2020.

. BELDING C., BOOPATHY R. Presence of antibiotic-

resistant bacteria and antibiotic resistance genes in coastal
recreational waters of southeast Louisiana, USA. J. Water
Supply: Res. Technol. AQUA. 67, 800, 2018.

. LARSSON D.J., FLACH C.F. Antibiotic resistance in the

environment. Nat. Rev. Microbiol. 20 (5), 257, 2022.

. CHOW L.M,, GHALY T. M., GILLINGS M.R. A survey

of sub-inhibitory concentrations of antibiotics in the
environment. J. Environ. Sci. 99, 21, 2021.

Manual of Determinative
Bacteriology. Lippincott Williams and Wilkins, 1994.
SOEHITA S. Suitability tests for
bacterial identification and antibiotic sensitivity tests
using Microscan Walkaway on Vitek 2. Indian J. Forensic
Med. Toxicol. 15 (2), 3985, 2021.

. BELOW F.E. Molecular Cloning: A laboratory manual. 4

Edition. Cold Spring Harbor Laboratory. New York, USA,
2012.

ESSA A.M., ABBOUD M. KHATIB S.K. Metal
transformation as a bacterial strategy for heavy metals
detoxification. J. Basic Microbiol. 58 (1), 17, 2018.
TAMURA K., STECHER G., AND KUMAR S. MEGA
11: Molecular Evolutionary Genetics Analysis Version
11. Mol. Biol. Evol. 38 (7), 3022, 2021.

SOGE 0.0., MESCHKE J.S., NO D.B., ROBERTS M.C.
Characterization of methicillin-resistant Staphylococcus
aureus and methicillin-resistant  coagulase-negative
Staphylococcus spp. isolated from US West Coast public
marine beaches. J. Antimicrob. Chemother. 64 (6), 1148,
2009.

THAPALIYA D., HELLWIG E. J., KADARIYA J,
GRENIER D., JEFFERSON A. J, DALMAN M.,
KENNEDY K., DIPERNA M., ORIHILL A., TAHA
M., SMITH T.C. Prevalence and characterization
of  Staphylococcus aureus and methicillin-resistant
Staphylococcus aureus on public recreational beaches in
northeast Ohio. GeoHealth. 10, 320, 2017.

SANLITURK G., GURAN M. Monitoring of
microbiological dynamics in beach sand and seawater
samples from recreational and non-recreational beaches
over a two-year period. Int. J. Environ. Health Res. 9,
1973, 2022.

SAMANIC 1., KALINIC H. FREDOTOVIC Z.,
DZELALIJA M., BUNGUR A.M., MARAVIC A.
Bacteria tolerant to colistin in coastal marine environment:
Detection, microbiome  diversity and  antibiotic
resistance genes’ repertoire. Chemosphere, 281, 130945,
2021.

RAJNI E., JAIN A, GARG V. K., SHARMA R,
VOHRA R., JAIN S.S. Providencia causing urinary tract
infections: Are we reaching a dead end? Indian J Crit Care
Med. 26 (4), 446, 2022.

SHARMA S., BORA P, SINGLA N., GUPTA V,
CHANDER . Isolation of Morganella Morganii and
Providencia Species from clinical samples in a tertiary
care hospital in North India. Infect. Disord. Drug Targets.
21 (1), 84, 2021.

COOPER A.L., CARTER C., MCLEOD H., WRIGHT
M., SRITHARAN P, TAMBER S., WONG A,
CARRILLO C.D., BLAIS B.W. Detection of carbapenem-



Author Copy * Author Copy * Author Copy * Author Copy * Author Copy * Author Copy ¢ Author Copy * Author Copy * Author Copy

10

Mariam Al-Garni, et al.

29.

30.

31.

32.

33.

34.

35.

36.

resistance genes in bacteria isolated from wastewater in
Ontario. FACETS. 6 (1), 569, 2021.

LI D, LI R, DING Z., RUAN X., LUO J., CHEN
J., ZHENG J.,, TANG J. Discovery of a novel native
bacterium of Providencia sp. with high biosorption and
oxidation ability of manganese for bioleaching of heavy
metal contaminated soils. Chemosphere. 241, 125039,
2020.

MANOHARAN M., SISTLA S., RAY P. Prevalence
and molecular determinants of antimicrobial resistance
in clinical isolates of Staphylococcus haemolyticus from
India. Microb. Drug Resist. 27 (4), 501, 2021.
ALAHMADI T.F, ALAHMADEY Z.Z., ORGANIJI
S.R., ELBANNA K., AHMAD 1, ABULREESH
H.H. First report of multi-drug resistant Staphylococcus
haemolyticus in nosocomial infections in North Western
Saudi Arabia. J. Pure Appl. Microbiol. 15 (2), 725, 2021.
HEFZY E.M., RADWAN TE., HOZAYEN B.M.
MAHMOUD E.E., KHALIL M.A. Antiseptics and
mupirocin resistance in clinical, environmental, and
colonizing coagulase negative Staphylococcus isolates.
Antimicrob. Resist. Infect. Control. 12 (1), 110, 2023.
ZIELINSKI W., KORZENIEWSKA E., HARNISZ M.,
HUBENY J., BUTA M., ROLBIECKI D. The prevalence
of drug-resistant and virulent Staphylococcus spp. in a
municipal wastewater treatment plant and their spread in
the environment. Environ. Int. 143, 105914, 2020.
LIY,SHAOK. CAIR,LIUY., LIU X.,NIF., ZHENG
H., HU R., SUN T. Detection of NDM-1 and OXA-10
Co-producing Providencia rettgeri clinical isolate. Infect
Drug Resist. 31, 5319, 2023.

WANG P, LI C, YIN Z., JIANG X, LI X.,, MU X.,
WU N., CHEN F., ZHOU D. Genomic epidemiology
and heterogeneity of Providencia and their hla NDM-
lI-carrying plasmids. Emerg. Microbes Infect. 12 (2),
2275596, 2023.

CHEESMAN M., ILANKO A., BLONK B., COCK I
Pharmacognosy Reviews Developing New antimicrobial
therapies: are synergistic combinations of plant extracts/
compounds with conventional antibiotics the solution?
Pharmacogn. Rev. 11, 57, 2017.

37.

38.

39.

40.

41.

42.

43.

44,

45.

NNADOZIE C., ODUME O. Freshwater environments as
reservoirs of antibiotic resistant bacteria and their role in
the dissemination of antibiotic resistance genes. Environ.
Pollut. 254, 113067, 2019.

PAZDA M., KUMIRSKA J., STEPNOWSKI P,
MULKIEWICZ E. Antibiotic resistance genes identified
in wastewater treatment plant systems - a review. Sci. Total
Environ. 697, 134023, 2019.

LARSSON D.J., FLACH C.F. Antibiotic resistance in the
environment. Nat. Rev. Microbiol. 20, 257, 2022.
PARNANEN K., NARCISO-DA-ROCHA C., KNEIS
D., BERENDONK T., CACACE D., DO T., ELPERS
C., FATTA-KASSINOS D., HENRIQUES 1., JAEGER
T., KARKMAN A. Antibiotic resistance in European
wastewater treatment plants mirrors the pattern of clinical
antibiotic resistance prevalence. Sci. Adv. 5, 9124, 2019.
REICHERT G., HILGERT S., FUCHS S., AZEVEDO
J. Emerging contaminants and antibiotic resistance in
the different environmental matrices of Latin America.
Environ. Pollut. 250, 113140, 2019.

KRAUPNER N., HUTINEL M., SCHUMACHER
K., GRAY D., GENHEDEN M., FICK J., FLACH C,,
LARSSON D. Evidence for selection of multi-resistant E.
coli by hospital effluent. Environ. Int. 150, 106436, 2021.
MARUTESCU L.G,, POPA M., GHEORGHE-
BARBU I, BARBU I.C., RODRIGUEZ-MOLINA D.,
BERGLUND F. Wastewater treatment plants, an “escape
gate” for ESCAPE pathogens. Front. Microbiol. 14,
1193907, 2023.

ANDERSON K., WHITLOCK J., HARWOOD V.
Persistence and differential survival of faecal indicator
bacteria in subtropical waters and sediments. Appl.
Environ. Microbiol. 71, 3041, 2015.

SANDERSON H., ORTEGA-POLO R., ZAHEER
R., GOJI N.,, AMOAKO K., BROWN R., MAJURY
A., LISS S., MCALLISTER T. Comparative genomics
of multidrug-resistant Enterococcus spp. isolated from
wastewater treatment plants. BMC Microbiol. 20 (1), 1,
2020.



