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Abstract

Infections caused by Pseudomonas spp. constitute important morbidity and mortality in the clinical
practice. In most of the time, the case become worsened because of the associated antibiotic resistance.
This work was designed to isolate Pseudomonas spp. from urine samples collected from out-patients of
urinary tract infections (UTIs) and evaluate occurrence of multiple antibiotic resistance determinants.
Two hundred and twenty-five (225) mid-stream urine samples were collected by using standard clean-
catch method. Bacterial isolation was carried out using streaking technique method and subsequently
identified by morphological and biochemical methods. Most antibiotic resistance bacteria were
characterized by sequencing 16S rRNA genes and detected the selected resistance genes. The
Pseudomonas spp. isolated were Pseudomonas aeruginosa (61), Pseudomonas otitdis (33) and
Pseudomonas putida (22). The selected isolates for genomic sequencing were identified and genes
uploaded to NCBI. The isolates were Pseudomonas otitidis strain U0202, Pseudomonas putida strain
U0125 and Pseudomonas aeruginosa strain U056. The antibiotic phenotyping showed that twenty-five
(25) of isolates were resistance to the twenty-four (24) antibiotics. There was total resistance to
Cefuroxime, Cefixime, Cefotaxime, Amoxicillin-clavulanate, Ampicillin, cloxacillin, oxacillin,
erythromycin and vancomycin while resistance to imipenem, ertapenem chloramphenicol and amikacin
was low. P. aeruginosa strain U056 possessed blaTEM, blaSHV and blaCTX-M-9 as variants of ESBLs
along with blaOXA-48 and blaNDM-1 carbapenemase producing genes. IcaA gene for biofilm was
present in all the species of Pseudomonas but only Pseudomonas aeruginosa possessed AcrA gene for
efflux pump. The presence of Pseudomonas spp. in the urine of UTI patients showed that these bacteria
could be associated with infection of urinary tract. The Pseudomonas spp. were mult-drug resistance
and possess many antibiotic determinants which account for some of the reasons for the resistance.
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Introduction

Pseudomonas aeruginosa is among the organisms that responsible for nosocomial and chronic
infections with associated multi-antimicrobial resistance, high morbidity and mortality rate (Horcajada
et al., 2019). Indeed, multidrug -resistant P. aeruginosa infections are estimated to be involved in more
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than 300,000 death rates yearly. Multidrug-resistant Pseudomonas aeruginosa, Vancomycin-resistant
Enterococci (VRE) and Extended-spectrum beta-lactamase (ESBL)-producing Enterobacteriaceae have
been grouped as serious threat and so MDR-Pseudomonas aeruginosa were among the top of the WHO
priority list for the need for research and development of new antibiotics (Antimicrobial Resistance
Collaborators, 2022; Tacconelli et al., 2018; WHO, 2017). The increasing menace of MDR-
Pseudomonas species emanates from the uniqueness of this bacterium to develop resistance through
chromosomal mutagenesis and increase prevalence of mobile resistance determinants, particularly those
encoding carbapenemases and/or extended-spectrum B-lactamases (ESBLSs) on mobile genetic elements
(Tenover et al., 2022; Lopez-Causapé et al., 2018). Acinetobacter, Pseudomonas and various Gram
negative bacteria especially carbapenem-resistant Pseudomonas aeruginosa are the most threatening
classes of all multidrug resistant bacteria which pose treatment challenges in hospitals and/or among
patients whose care requires special devices such as ventilators and blood catheters (WHO, 2017).

Resistance to beta-lactams antibiotics has been occurring because of production of extended spectrum
beta-lactamases (ESBL), which includes TEM (Temoneira) type ESBL, SHV (Sulfhydryl-Variable),
CTX-M (Cefotaximase-Munich) and PER (Pseudomonas Extended Resistance) (Brunet et al., 2006).
A less common but increasing mode of carbapenem resistance among Pseudomonas isolates currently
is the ability to produce carbapenemases (Wang et al., 2021). The mechanism of carbapenem resistance
is important because it significantly alters the efficacy of commonly used antibiotics, such as cefepime,
piperacillin—tazobactam, ceftazidime as well as the newly introduced beta-lactam/beta-lactamase
inhibitor combinations such as ceftolozane—tazobactam, imipenem-relebactam, and ceftazidime-
avibactam (Zowawi et al., 2013). Pseudomonas aeruginosa has been reported to contain a wide variety
of carbapenemases encoded genes globally. These include essentially KPC (Klebsiella pneumoniae
Carbapenemase), GES (Guiana Extended-Spectrum), IMP (imipenemase), OXA (Oxacillinase) and
NDM (New Delhi Metallo-beta-lactamase) that first reported in india (Zowawi et al., 2013) and KPC,
NDM, VIM, and IMP in the United States (Poirel et al., 2010).

The ESBL group of the -lactamases stimulates a wide scope of resistance pressure against commonly
prescribed antibiotics such as penicillins, cephalosporins, and aztreonam The most disseminated
genotypes of ESBL are blaTEM, blaSHV and blaCTX-M (Bradford, 2001), which are mostly found on
plasmids, and these plasmids often carry genes that responsible for resistance to other antibiotics such
as aminoglycosides, fluoroquinolones and trimethoprim-sulfamethoxazole, thus limiting therapeutic
options for ESBL-associated infections (Lukac et al., 2015). There have been reports of different
variants of carbapenemases and some of the variants are: i. class A carbapenemases (i.e KPC), ii. class
B metallo-beta-lactamases (i.e NDM and VIM) and iii. class D carbapenemases (i.e the OXA-48-type)
(Halat and Moubareck, 2020). These enzymes have been reported across the globe as major contributors
to hospital-associated infections (Schultsz and Geerlings, 2012). The class A enzymes efficiently resist
carbapenems and inhibit the actions of clavulanic acid therefore perform poorly, whilst the class B
enzymes inhibit the activities of B-lactamase inhibitors and carbapenems but not aztreonam (Prestinaci
et al., 2015). On the other hand, class D carbapenemases, which are mostly isolated from A. baumannii,
P. aeruginosa and less commonly in the Enterobacterales family, partially inhibit clavulanates and
weakly hydrolyze carbapenems (Moquet et al., 2011). The reason for the continuous investigation of
the antibiotic resistance pressure and associated resistant genes in Pseudomonas species cannot be over-
emphasized. Also, the documentation of the resistant genes from this genus will further enhance the
knowledge on molecular epidemiology of the antibiotic resistance genes in these organisms. Therefore,
this study was designed to isolate and detect the occurrence of resistance ESBL and carbapenemase
genes in antibiotic resistant Psuedomonas spp.
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Materials and Methods

Isolation

Two hundred and twenty-five (225) mid-stream urine samples were collected by using standard clean-
catch method. The samples were inoculated on the Nutrient agar and MacConkey agar using streaking
technique with the aid of standard wire loop and incubated at 370 C for 18 — 24 hours. The plates were
observed for colony morphology and distinct colonies were sub-cultured by streaking on nutrient agar
to obtain pure culture.

Morphological, Biochemical and Molecular Identification

Gram Staining was carried out by making a smear of the bacterial culture on a clean, grease-free glass
slide by emulsifying a bacteria colony in a drop of distilled water and subsequently subjected to staining
procedures. The slides were observed at 100 X objective for the morphological identification. Catalase
production was observed using 3% hydrogen peroxide solution and observed for the presence of bubbles
or effervescence according to Fawole and Oso, (2007). Oxidase test was carried out to determine the
presence of cytochrome “C” oxidase. A sterile inoculating loop was used to pick a colony of the
bacterial isolates and it was smeared on an oxidase strip. The strip was examined for purple coloration
within 5-10 seconds. The appearance of purple colouration indicates a positive oxidase reaction while
the absence of purple colouration indicates a negative result (Fawole and Oso, 2007).

Triple Sugar Iron (TSI) agar was used Sugar Fermentation this medium contains 1% lactose, 1%
sucrose, 0.1% glucose and ferrous ammonium sulphate and sodium thiosulphate. It also contains a pH
indicator; phenol red to indicate acid production. TSI agar is used for the identification of enteric
organisms due to their ability to ferment lactose, glucose or sucrose and to liberate sulphides from
ammonium sulphate or sodium thiosulphate. The medium (15ml) was dispensed into test tubes and
sterilized in the autoclave at 121°C for 15minutes. The test tubes were then slanted with the aid of test
tube rack which resulted in a butt and slant and then allowed to solidify. An inoculating needle was
used to pick inoculum from 24 h bacterial isolates and stabbed from top to the bottom of the medium.
These were then incubated at 37°C for 24hours. A positive glucose fermentation test is indicated by the
production of acid at the butt region (ie. there is change from red to yellow). However, production at
the slant region showed that there is fermentation of lactose and sucrose. The presence of bubbles or
crack in the butt indicates gas production while black coloration showed that H,S is produced. Bacterial
motility and indole production were investigated using Sulphide Indole Motility (SIM) Agar according
to the method of Abiala et al., (2016).

Phenotypic Screening of the Bacterial Isolates for Multiple Antibiotic Resistance.

Antibiotics were selected to capture major groups of antibiotics especially Penicillins, cephalosporins
and carbapenems. The turbidity of the bacterial inoculum was prepared to match that of the 0.5
McFarland turbidity standard which is equivalent to 1.5 X 108 CFU/mL. Antimicrobial susceptibility
assay was carried out on the isolates using the Kirby-Bauer disk diffusion method according to the
Clinical Laboratory. Standard Institute (CLSI) guidelines (Cheesbrough, 2010). Multidrug resistant
Pseudomonas isolates were selected for molecular identification by sequencing 16S rRNA gene being
regarded as a conserved region of the bacterial genomic sequence. Selected primers for ESBLs,
Carbapenemase, Biofilm and Efflux pump were used to genotype the resistant genes in the selected
isolates. The universal primer with both forward and reverse sequences used for the identification of
the multiple antibiotic resistance bacteria is given below (Jiang et al., 2006):

Sources of the Primers.
All the primers (Oligonucleotides sequences) used for the identification of the multi-drug resistance
bacterial isolates as well as the detection of the resistant genes were obtained from Ingaba Biotech West
Africa Ltd. Co. Reg. No: RC1232028. Specific primer sequences were selected for the detection of
resistant genes (Table 1).
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Table 1: Primers sequences selected from database for the characterization of ESBLs and
Carbapenemase genes in the Multiple Antibiotic Resistance Bacteria (Poirel et al., 2010).

SN Name Forward Reverse Size (bp)
il 16S rRNA 5 AGAGTTTGATCMTGGCTCAG 3 5> AAGGAGGTGWTCCARCCGCA 3 464
2. TEM 5CATTTCCGTGTCGCCCTTATTC3  5’CGTTCATCCATAGTTGCCTGAC3 800
3. SHV 5AGCCGCTTGAGCAAATTAAAC3 5’ATCCCGCAGATAAATCACCAC3 713
4. CTX-M-9 5TCAAGCCTGCCGATCTGGT3 5’ TGATTCTCGCCGCTGAAG3 561
5. OXA-48 5GCGTGGTTAAGGATGAACACS 5’CATCAAGTTCAACCCAACCG3 438
6. NDM-1 5GGTGCATGCCCGGTGAAATCS 5’ ATGCTGGCCTTGGGGAACG3 660
7. GES1-9,11 5AGTCGGCTAGACCGGAAAG3 5’TTTGTCCGTGCTCAGGAT3 399
8. IcaA 5ACACTTGCTGGCGCAGTCAA3 5’TCTGGAACCAACATCCAACA3 188
9. AcrA 5CTCTCAGGCAGCTTAGCCCTAA3  5’TGCAGAGGTTCAGTTTTGACTGTT3 107
Results

The Bacterial Identity

The bacterial isolates were identified based on their morphological and biochemical properties as
Pseudomonas aeruginosa (61), Pseudomonas otitdis (33) and Pseudomonas putida (22) as shown in
table 2. The three species of Pseudomonas selected for molecular sequencing were Pseudomonas
aeruginosa strain U056, Pseudomonas otitidis strain U0202 and Pseudomonas putida strain U0215.
Also, isolate code OG 056 has 95.70% pairwise identity with Pseudomonas aeruginosa strain
NBFPBAH_RAS94 which has NCBI accession number KJ917216 and the e-value is 0. Therefore, the
sequence of the bacterial isolate is now uploaded to Gene Bank with identity Pseudomonas aeruginosa
strain U056. The new accession number is MW812296 (Table 3).

Isolate code U0202 has 100% pairwise identity with Pseudomonas otitidis strain CIFRI-AKSHG2
which has NCBI accession number MW295584 and the e-value is 0. Therefore, the sequence of the
bacterial isolate is now uploaded to Gene Bank with identity Pseudomonas otitidis strain U0202 having
new accession number: MW881575. Isolate code U0215 has 98.55% pairwise identity with
Pseudomonas putida strain XT2110 which has NCBI accession number MT424802 and the e value is
0. Therefore, the sequence of the bacterial isolate is now uploaded to Gene Bank with identity
Pseudomonas putida strain U0125 with new accession number is MW808996 (Table 3).

Antibiotic Resistance Profile of the Bacterial Isolates

The antibiotic resistance profiling of the Pseudomonas isolates was evaluated based on the resistance
index and it was found that twenty-five (25) of the Pseudomonas species were resistance to the twenty-
four (24) antibiotics. However, all the isolates of the Pseudomonas were resistance to Cefuroxime,
Cefixime, Cefotaxime, Amoxicillin-clavulanate, Ampicillin, cloxacillin, oxacillin, erythromycin and
vancomycin as shown in table 4. The percentage resistance of the isolates to antibiotics belonging to
class carbapenem were 21.6%, 29.5% and 89% to imipenem, ertapenem and meropenem respectively
(fig. 1). Resistance to chloramphenicol and amikacin was a little low while there were 78% and 79.3%
resistance to ofloxacin and gentamicin respectively. Resistance to ciprofloxacin and tetracycline were
95.5% and 95.2% respectively however total resistance (100%) was found to erythromycin and
vancomycin (fig. 2). Susceptibility assay of the Pseudomonas species to imipenem and oxacillin was
found to possess very small zone of inhibition to imipenem and no zone of inhibition to oxacillin (Plate
1).
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The three species of Pseudomonas among the isolates that were predominantly resistance to all the
twenty-four (24) antibiotics (R1 group) were selected for the molecular sequencing, The phylogenetic
analysis showed that Pseudomonas aeruginosa (U056), Pseudomonas putida (U0215) and
Pseudomonas otitidis (U0202) have inter-relationship with other Pseudomonas species because of the
common node (fig. 3).

Antibiotic Resistance Genes Associated with Pseudomonas spp.

The presence of resistant genes was found to occur in the Pseudomonas spp. P. aeruginosa strain U056
possessed blaTEM, blaSHV and blaCTX-M-9 as variants of ESBLS. The blaOXA-48 was present in all
the species of Pseudomonas while none of the bacteria had blaNDM-1 and blaGES 1-9, 11. The genes
AcrA (efflux pump gene) and IcaA (biofirm gene) were observed in P. aeruginosa strain U056 (Table
5).

Table 2: Morphological and Biochemical Characteristics of the Bacterial Isolates

Morphological and Psuedomonas Psuedomonas otitidis ~ Psuedomonas putida
Biochemical Properties aeruginosa

Percentage 61 33 22
Gram Reaction + + -
Morphology Rod Rod Rod
Catalase - + -
Oxidase + + -
Indole - -

Motility + + +
H.S - - -
Lactose - - -
Sucrose - - -
Glucose - - -

Gas Production - - -

Table 3: The Identification of the isolates under blasting with NCBI

Isolate Pairwise Identity Old New ldentity New Accession No
Code Identity Accession No.
U056  95.70%  Pseudomonas KJ917216 Pseudomonas MW812296
aeruginosa strain aeruginosa strain
NBFPBAH_RAS94 U056
U0202 100% Pseudomonas otitidis MW295584 Pseudomonas MW881575
strain CIFRI- otitidis strain U0202
AKSHG2
U0215 98.55%  Pseudomonas putida MT424802 Pseudomonas MW808996
strain XT2110 putida strain U0215
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Table 4: Antibiotic Phenotypic grouping of the bacterial isolates from urine samples

Resistance  Antibiotic Resistance Phenotype Number of
Group the Isolates
R1 CAZ, CRX, CXM, CTR, AUG, AMP, OFL, TET, GEN, CPR, NIT, ERY, 25
CXC, OXA, IMP, ERT, MEM, CHL, CTX, AMK, VAN.
R2 CAZ, CRX, CXM, CTR, AMP, AUG, MEM, OFL, TET, GEN, CPR, NIT, 34
ERY, CXC, OXA, ERT, CHL, CTX, AMK, VAN.
R3 CAZ, CRX, CXM, AUG, AMP, MEM, OFL, TET, GEN, CPR, NIT, ERY, 39
CXC, CHL, OXA, CTX, VAN.
R4 CAZ, CRX, CXM, AMP, MEM, OFL, GEN, CPR, NIT, ERY, CXC, OXA, 64
CTX, VAN.
R5 CAZ, CRX, CXM, AUG, AMP, OXA, OFL, TET, CXC, CTX, ERY, VAN. 108
R6 CRX, CXM, CTX, AUG, AMP, OXA, CXC, ERY, VAN. 116
X
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Fig. 1: Resistance Patterns of the Pseudomonas Isolates to Carbapenem Antibiotics
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Fig. 2: Antibiotics Resistance of Pseudomonas species to Non-beta lactam antibiotics.

_,_— LT599802.1 Pseudomonas otitidis partial 165 rRNA gene strain P-18
LT599742 1 Pseudomonas ofitidis partial 165 rRNA gene strain P5
—— LT599786.1 Pseudomonas otitidis partial 165 rRNA gene strain P-12
MV881575.1 Pseudomonas ofitidis strain U0202 16S ribosomal RNA gene partial sequence
LC685344.1 Pseudomonas otitidis YWY-9.1 gene for 165 rRNA partial sequence
AJ249825.2 Pseudomonas putida 165 rRNA gene strain GPo1
— LNG10443.1 Pseudomonas putida partial 16S rRNA gene isolate Pseudomonas Putida 19 1031
AB109013.1 Pseudomonas putida gene for 185 rRNA complete sequence strain:NA3
4‘— LCB02020.1 Pseudomonas putida abtsam 6 gene for 165 rRNA partial sequence
+— FJ972530.1 Pseudomonas aeruginosa NO2 16S ribosomal RNA gene partial sequence
FJ972538.1 Pseudomonas aeruginosa 57 16S ribosomal RNA gene partial sequence
FJ972531.1 Pseudomonas aeruginosa NO3 165 ribosomal RNA gene partial sequence
FJ972535.1 Pseudomonas aeruginosa C-1 165 ribosomal RNA gene partial sequence
FJ972532.1 Pseudomonas aeruginosa NO4 165 ribosomal RNA gene partial sequence
HEB10505.1 Pseudomonas otitidis partial 165 rRNA gene strain GDRO1

MVV808996.1 Pseudomonas putida strain U0215 165 ribosomal RNA gene partial sequence
MVV812296.1 Pseudomonas aeruginosa strain U056 165 ribosomal RNA gene partial sequence

0.050

Fig. 3: Phylogenetic Tree of the Pseudomonas species isolated from this study and other species whose genomes
were obtained from NCBI
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Table 5: Occurrence of the antibiotic resistant genes in the Pseudomonas species.

S/IN  Genes Properties Pseudomonas Pseudomonas Pseudomonas

aeruginosa strain otitidis strain putida strain
U056 U0202 u0215

1. BIaTEM + + +

2. BlaSHV ESBLs + - -

3. blaCTX-M-9 + - -

4. blaOXA-48 + + +

5. blaNDM-1 Carbapenemase - - -

6. blaGES 1-9, 11 - - -

7. AcrA Efflux pump + - -

8. IcaA Biofirm + + +

Discussion

The challenges of the antibiotic resistance in clinical practice especially among the Gram-negative
bacteria remains a serious threat. The condition antibiotic resistance has been leading to drug failure in
management of diseases. In this study, Pseudomonas spp. were isolated from urine sample of out-
patients attending clinic in urban locations with cases of urinary tract infections. Psuedomonas
aeruginosa, Psuedomonas otitidis and Psuedomonas putida were found in the urine sample collected
from urinary tract infected outpatients. The occurrence of Pseudomonas spp. in the sample of
outpatients with UTI as found in this work agrees with Rahul et al., (2009) and Newman et al., (2022)
who reported Pseudomonas spp. from urine. In this study, there was highest occurrence of P. aeruginosa
among the Pseudomonas spp. isolated from the urine samples which shows the impact of the specie in
urinary tract infection. This finding agrees with Djuikoue et al., (2023) and Zahraa and Saad, (2019)
who reported higher prevalence of P. aeruginosa in the urine samples collected.

Other species of Pseudomonas found in this study were P. otitidis, and P. putida. The occurrence of P.
otitidis in the urine as found in this work has scarcely been reported from previous works. However,
there have been reports of P. otitidis in the ear and skin of patients with otic infections (Caixinha et al.,
2021, Thaller et al., 2011 and Clark et al., 2006). Similarly, P. putida was isolated from urine in this
work from Nigeria which appeared to be first report P. putida from urine. There have been reports of
P. putida from urine in other parts of the world as Yang et al., (1996) and Bao et al., (2022) who
reported occurrence of P. putida in the urine of UTI patients from China. The occurrence of different
bacterial isolates in the urine necessitates the need to monitor the therapy during the treatment of the
patients with urinary tract infections. The phylogenetic analysis showed the relatedness of the
Pseudomonas spp. (Psuedomonas aeruginosa, Psuedomonas otitidis and Psuedomonas putida) to other
genus Pseudomonas whose genomic sequences were obtained from NCBI.

The Pseudomonas spp. were found to be resistance to more than four classes of the antibiotics used in
this study. All the species of Pseudomonas isolates were totally resistance to cefuroxime, cefixime and
cefotaxime as candidates of cephalosporins class of antibiotics. This report is consonance with Adesoji
et al., (2023) who reported the high resistance to cefuroxime, cefixime and cefotaxime. In agreement
with this work, Greenwood et al., (1976) had earlier reported P. aeruginosa resistance to cefuroxime.
Among antibiotics in the class of penicillins, amoxicillin-clavulanate, ampicillin, cloxacillin and
oxacillin were evaluated and total resistance was observed to the antibiotics belonging to class
penicillins. Also, the resistance to erythromycin and vancomycin was also very high which indicates
potential of drug failure during disease treatment. The finding of this work agreed with Javiya et al.,
(2008) and Owusu et al., (2023) that reported high resistance to the class of penicillins, erythromycin
and vancomycin. There were more resistance to meropenem among the carbapenem used in this work
which makes the isolates of the Pseudomonas extended resistance to § lactam antibiotics. The resistance
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to chloramphenicol and amikacin was low which showed a little dependable in the treatment of urinary
tract infection. There was high resistance to ofloxacin and ciprofloxacin in this study despite several
reports of Pseudomonas susceptibility to antibiotics in the class of quinolones however, Yang et al.,
(2015) reported high resistance to fluoroquinolones China while similar resistance was reported in
Ghana, Tanzania and Rwanda (Aldrich et al., 2019; Kumburu et al., 2017; Ntirenganya et al., 2015).
The occurrence of quinolone resistance determining region (QRDR) was also reported on the
Pseudomonas isolates (Yang et al., 2015). A substantial considerable proportion of the isolates in this
study were susceptible to amikacin and chloramphenicol which agreed with Owusu et al., (2023). These
findings could necessitate that some of these antibiotics cannot be totally relied upon in the treatment
of Pseudomonas-associated infections in Nigeria and some parts of Africa. In this study, P. aeruginosa
strain U056 was observed to possess various resistant genes that are variants of ESBLSs such as blaTEM,
blaSHV and blaCTX-M-9. Along with these genes, P. aeruginosa strain U056 in this study possessed
blaOXA-48 (oxacillinase), AcrA (efflux pump gene) and IcaA (biofirm gene). Pseudomonas putida
strain U0215 and Pseudomonas otitidis strain U0202 had blaTEM, blaOXA-48 and IcaA (biofirm gene)
among all the resistant genes employed in this work.

Conclusion

Pseudomonas spp. were isolated from urine collected from outpatients from hospitals in Southwest
Nigeria. The bacterial isolates were resistance to antibiotics which is a serious issue in clinical practice.
The Pseudomonas isolates in this study were resistance to antibiotics of different classes such as
Penicillins, Cephalosporins, Fluoroquinolones, Aminoglycosides. The isolates possessed resistance
genes where blaTEM and IcaA genes were observed to be common to all the Pseudomonas spp. while
Pseudomonas aeruginosa was found with blaTEM, blaSHV and blaCTX-M-9 as variants of ESBLSs.
Along with ESBLs genes, this strain also possessed blaNDM-1 and blaOXA-48. Based on these
findings, there is need for continuous surveillance for the rate of resistance and classes of antibiotic
involved.
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