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Abstract

Introduction and objective. Infections due to multidrug-resistant (MDR) Enterobacteriaceae are an ongoing global threat
in their management. The aim of the study was to investigate the antiimicrobial resistance (AMR) and virulence gene profiles
of MDR Gram-negative isolates in Sokoto, north-west Nigeria.
Materials and method. A total of 578 clinical samples were collected from patients. Suspected Gram-negative bacteria
were isolated from these clinical samples: vaginal swab, pus, stool, blood, wound swab and urine, using Gram-staining and
conventional biochemical reactions. These isolates were further identified with an identification kit (Microgen-GN-A), and
tested against a panel of 11 antibiotics. A single polymerase chain reaction (PCR) assay targeting 13 virulence gene related
to adhesion (fimH, papC, and sfaS), iron chelation (iutA, and fyuA), toxins (astA, stx1, stx2, and eaeA), biofilm (bssS), and serum
resistance (traT, iss, and kapsMTII) encoding genes were evaluated.
Results. A total of 276 Gram-negative isolates were identified using the Gram stain and biochemical reactions. These
organisms were further confirmed with identification kit. Of the 276 isolates, 36 organisms of interest (23 Escherichia coli,
4 Klebsiella pneumoniae and 9 Proteus mirabilis) were identified. Other Gram-negative isolates accounted for the remaining
86.9%. The majority of the isolates were resistant to cefixime (100%) and partially resistant to amikacin (19.4%).The virulence
genes bssS (58.3%), fimH (44.4%), and iutA (44.4%) were the most prevalent, whereas kapsMTII (5.6%) and stx2 (2.8%) were
least detected, while astA was not detected in any of the isolates.
Conclusion. The study elucidated the prevalence of antibiotic resistance and virulence genes in Gram-negative bacteria from
clinical isolates in Sokoto, north-western Nigeria. The majority of the isolates were MDR, thereby posing a public health risk.
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INTRODUCTION
The rapid and accurate identification of pathogens involved
in infection is the first step in the curtailment of infectious
disease [1, 2]. It is crucial to know the pathogens’ antimicrobial
resistance profiles so that the patients receive the correct
antibiotics for effective treatment. Antimicrobial resistance
(AMR) occurs when microorganisms are able to overcome
drugs that target them, resulting to ineffective treatment [3].
The growing problem due to infections caused by multi-drug
resistant (MDR) Gram-negative bacteria have been reported
worldwide, and the problem is compounded by limited new
antibiotic production in the pipeline [4]. MDR occurs when a
bacterium is resistant to more than one antibiotic [5], which
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is common in Gram-negative bacteria such as Escherichia
coli (E. coli) and Klebsiella pneumoniae (K. pneumoniae),
making them a global threat [6]. Infections caused by these
MDR Gram-negative bacteria can lead to prolonged hospital
stays and higher mortality rates [7]. A report by Jasovsky
et al. estimated that deaths from drug-resistant infections
are projected to increase from the current 700 thousand to
10 million annually, and cost estimates will be as high as US
$100 trillion worldwide by 2050 [8].
Variation in AMR patterns in individual countries is linked
to the standard use of antimicrobial drugs in the respective
countries [9]. Between 2000–2010, the global consumption
of antibiotics in human medicine rose by 40%; however, this
figure masks patterns of declining usage in some countries
and rapid growth in others [9]. Numerous relationships exist
between AMR and bacterial virulence, and the spread of
clones combining many antibiotic resistances and a high
virulence level is an increasing threat [10]. Virulence factors
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comprise of mechanisms that allow pathogenic bacteria to
cause infections [11]. These bacterial virulence factors are
mostly encoded by or are associated with mobile genetic
elements, such as plasmids, phages, transposons and insertion
elements, where a very large number of these determinants are
located within pathogenicity islands (PAIs) [11]. PAI carries
an array of virulence genes whose product contributes to the
pathogenicity of the bacterium. Chapman et al., stated that
the acquisition of virulence genes confers an evolutionary
pathway to the pathogenicity to microorganisms [12], and
understanding the virulence factors carried by a strain enables
determination of the pathogenic potential of the strain.
Studies on the prevalence of AMR and virulence genes
in Gram-negative bacteria has been reported in various
parts of Nigeria. In Sokoto, north-western Nigeria, however,
there is dearth of information and studies regarding AMR
and virulence genes. Therefore, this study focuses on AMR
patterns and the virulence genes in E. coli, K. pneumoniae and
P. mirabilis isolated from clinical samples at UDUTH Sokoto.
OBJECTIVE
The aim of this study was to examine the AMR pattern
and virulence genes profiles of selected Gram-negative
bacteria, specifically E. coli, K. pneumoniae, and Proteus
mirabilis (P. mirabilis), due to their emerging threat in Sokoto,
northwest Nigeria.
MATERIALS AND METHOD
Sample collection, bacterial isolation and identification.
The ethical committee of UDUTH Sokoto approved the
protocol for this study with reference number: UDUTH/
HREC/2019/ No.611.
A total of 578 clinical samples were collected from patients
between January – June 2019. Suspected Gram-negative
bacteria were isolated from the clinical samples: vaginal swab,
pus, stool, blood, wound swab and urine, in Department of
Microbiology at Usmanu Danfodiyo University Teaching
Hospital. The exclusion criteria ensured that only one
isolate is recovered from the same patient. Only samples
from patients over 18 years of age were used in the study.
An informed consent form was signed or thumb printed by
all participants before sample collection. Information was
coded to ensure the anonymity of the patients.
The isolates were cultured on Mueller Hinton Agar
(MHA) plates, screened by Gram staining and identified by
biochemical methods. The identities were further confirmed
using a microbial identification kit (Microgen GN-A ID Kit)
according to the manufacturer’s instructions. The isolates
were stored at -20 °C in Mueller Hinton Broth (MHB)
until needed for further analysis. All molecular analysis
was carried out at the Institute for Research in Molecular
Medicine (INFORMM) at the Universiti Sains Malaysia
(USM), Malaysia.
Antibiotic susceptibility determination. The agar disc
diffusion method was used to determine the susceptibility of
the organisms against 11 antibiotics used in the management
of most Gram-negative bacteria. Results were interpreted
according to the Clinical and Laboratory Standard Institute

(CLSI, 2016). The antibiotics tested were sourced from Oxoid,
UK, and included; ampicillin/sulbactam (SAM, 10/10 µg),
gentamicin (CN, 10 µg), ciprofloxacin (CIP, 5 µg), meropenem
(MEM, 10 µg), imipenem (IPM, 10 µg), amikacin (AK,
10 µg), cefixime (CFM, 5 µg), chloramphenicol (C, 30 µg),
nitrofurantoin (F, 300 µg), cefotaxime (CTX, 30 µg), and
ceftazidime (CAZ, 30 µg). Standard strains E. coli ATCC
25922 and K. pneumoiniae ATCC 700603 were used as
positive and negative control, respectively.
Extraction of bacterial genomic DNA. All isolates were
prepared by inoculating 1–2 colonies into 5 ml freshly
prepared Luria Bertani (LB) Broth, and incubated at 37 °C
in a shaker (200 rpm) for 24 hours. DNA was extracted using
the boiling method [13].
All DNA samples were subjected to agarose gel
electrophoresis to ascertain the presence of DNA. A 0.8%
agarose gel was prepared in 0.5 Tris-borate-EDTA (TBE)
buffer. All DNA samples were gel electrophoresed at 100
V, 400 mA for 25 minutes. The gels were then immersed in
ethidium bromide solution (0.5mg/ml) for 20 minutes and
de-stained in distilled water for 10 minutes. The sizes of the
amplicons were determined by comparison with a 100bp- was
captured (GeneFlash, Syngene).
Detection of virulence genes by PCR. A single PCR assay
targeting 13 virulent genes related to adhesion (fimH, papC,
and sfaS), iron chelation (iutA, and fyuA), toxins (astA,
stx1, stx2, and eaeA), biofilm (bssS), and serum resistance
(traT, iss, and kapsMTII) encoding genes that are associated
with Enterobacteriaceae, were evaluated in the study. The
oligonucleotide sequences are listed in Table 1.
Table 1. Oligonucleotide sequences for virulence genes
S/No

Genes

Nucleotide sequence 5’ – 3’

Size (bp)

1

fimH

TACTGCTGATGGGCTGGT
GCCGGAGAGGTAATACCC

632

2

papC

TGGATTGTCAGCCTCAAG
CACTGACGCCGAAAGACG

320

3

sfaS

GTGGATACGACGATTACT
CCGCCAGCATTCCCTGTA

242

4

iutA

ATCAGAGGGACCAGCACG
TTCAGAGTCAGTTTCATG

254

5

fyuA

ATACCACCGCTGAAACGC
CGCAGTAGGCACGATGTT

278

6

stx1

ATAAATCGCCATTCGTTG
AGAACGCCCACTGAGATC

180

7

stx2

GGCACTGTCTGAAACTGC
TCGCCAGTTATCTGACAT

255

8

eaeA

GACCCGGCACAAGCATAA
CCACCTGCAGCAACAAGA

384

9

traT

GGTGTGGTGCGATGAGCA
CACGGTTCAGCCATCCCT

288

10

Iss

GCAATGCTTATTACAGGA
AGCAATATACCCGGGCTT

256

11

kapsMTII

GCGCATTTGCTGATACTG
CATCCAGACGATAAGCAT

270

12

astA

GCCATCAACACAGTAT
ATGAGTGACGGCTTTGTAGT

106

13

bssS

GATTCAATTTTGGCGATT
TAATGAAGTCATTCAGAC

256

All references e adapted from El-Shaer et al. [14].
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Statistical analysis. All data were manually entered and
analyzed in MS Excel 2010.
RESULTS
Bacterial isolation and identification. A total of 276 Gramnegative bacteria were isolated from the 578 clinical samples.
Of these, 36 comprised of E. coli (23), K. pneumoniae (4), and
P. mirabilis (9), were identified using biochemical tests and an
identification kit. 240 isolates were identified as other Gramnegative Enterobacteriaceae and were excluded from the study.
Table 2 shows the distribution of the Gram-negative bacteria.
Table 2. Distribution of Gram-negative isolates from clinical samples
Organism

Figure 1. Antibiotic resistance profile of 36 Gram-negative isolates from clinical
samples.
MEM – Meropenem; CTX – Cefotaxime; CFM – Cefixime; F – Nitrofurantoin; CIP
– Ciprofloxacin; CN – Gentamicin; SAM – Sulbactam/Ampicillin; AK – Amikacin;
CMN – Chloramphenicol; CAZ – Ceftazidime; IMP – Imipenem.

V/swab

Pus

Stool

Blood

W/swab

Urine

Total

E. coli

5

1

5

0

2

10

23

P. mirabilis

2

1

1

0

2

3

9

K. pneumoniae

0

0

0

0

1

3

4

Table 3. Virulence genes detected with corresponding resistance pattern
and their clinical source for E. coli

K. oxytoca

4

2

2

2

7

19

36

Isolates

Source

E. gergoviae

2

2

2

2

2

27

37

E.aerogenes

3

2

5

0

3

15

28

E. coli 1

Stool

fimH, eaeA, iutA, bssS

MEM, CTX, CFM, CIP, SAM, AK,
C, CAZ

S. arizonae

2

1

4

1

0

29

37

E. coli 2

Urine

3

3

3

1

5

9

24

fimH, papC, eaeA, iutA,
fyuA, traT, bssS

CTX, CFM, F, CIP, CN, SAM, CAZ

C. freundii
C. diversus

1

0

2

0

1

3

7

E. coli 3

Urine

papC, iutA, kapsMTII, bssS

H. alvei

2

1

1

0

1

2

7

MEM, CTX, CFM, F, CIP, CN, SAM,
AK, C, CAZ, IPM

C. sakazakii

0

2

5

0

3

6

16

E. coli 4

Urine

fimH, sfaS, bssS

CTX, CFM, F, CIP, CN, SAM, C,
CAZ, IPM

A. lwoffii

3

2

1

0

1

9

16

E. coli 5

Stool

bssS

CTX, CFM, F, CN, SAM, C, CAZ

S. marcescens

1

1

2

1

1

4

10

E. coli 6

Urine

fimH, stx1, eaeA, iss, bssS

S. liquefaciens

0

0

1

1

1

5

8

MEM, CTX, CFM, CIP, CN, SAM, C,
CAZ, IPM

P. vulgaris

2

0

3

0

2

7

14

E. coli 7

Stool

stx1, sfaS, traT, iss, bssS

CFM, F, CN, SAM, C, CAZ

TOTAL

30

18

37

8

32

151

276

E. coli 8

Urine

fimH, bssS

CTX, CFM, F, CIP, CN, SAM, C,
CAZ, IPM

E. coli 9

Urine

fimH

MEM, CTX, CFM, CIP, SAM, AK,
C, IPM

E. coli 10

Stool

fimH, stx1, sfaS, fyuA, traT,
bssS

MEM, CTX, CFM, F, CIP, SAM, C

E. coli 11

Urine

fimH, eaeA

CTX, CFM, CIP, SAM, CAZ, IPM

E. coli 12

Urine

eaeA, iutA, fyuA, bssS

MEM, CTX, CFM, CIP, CN, C, CAZ

E. coli 13

Stool

fimH, iutA

CTX, CFM, F, CIP, CN, SAM, C,
CAZ, IPM

E. coli 14

Urine

fimH, papC

CTX, CFM, F, CIP, CN, CAZ

E. coli 15

Urine

papC

MEM, CTX, CFM, F, CIP, CN, C,
CAZ, IPM

E. coli 16

Urine

fimH, sfaS, iutA, fyuA, bssS

CTX, CFM, CN, SAM, C, CAZ, IPM

E. coli 17

Stool

fimH, papC, eaeA, iutA, fyuA, CTX, CFM, CIP, CN, SAM, CAZ,
traT, bssS
IPM

E. coli 18

Urine

fimH, iss, bssS

CTX, CFM, CIP, SAM, C, CAZ

E. coli 19

HVS

papC, stx1, sfaS, eaeA, iutA,
iss, bssS

MEM, CTX, CFM, F, CIP, CN, SAM

E. coli 20

Urine

Nil

CTX, CFM, F, C

E. coli 21

Stool

stx2, papC, stx1, sfaS, eaeA,
iutA, traT, kapsMTII, bssS

CTX, CFM, F, CIP, CN, SAM, C, CAZ

E. coli 22

Stool

papC, sfaS, iutA, bssS

MEM, CTX, CFM, CIP, SAM, AK,
C, IPM

E. coli 23

Urine

fimH, papC, eaeA, traT,
iss, bssS

MEM, CTX, CFM, CIP, SAM, C,
CAZ, CN

K. oxytoca – Klebsiella oxytoca; E. gergoviae – Enterobacter gergoviae; E. aerogenes –
Enterobacter aerogenes; S. arizonae – Salmonella arizonae; C. freundii – Citrobacter freundii;
C. diversus – Citrobacter diversus; H. alvei – Hafnia alvei; C. sakazakii – Cronobacter sakazakii;
A. lwoffii – Acinetobacter lwoffii; S. marcescens – Serratia marcescens; S. liquefaciens – Serratia
liquefaciens; P. vulgaris – Proteus vulgaris V/swab – Vaginal swab; W/swab – Wound swab.

Antibiotic susceptibility determination. Antibiotic
resistance profile of the 36 Gram-negative isolates is shown
in Figure 1. Low resistance was recorded to amikacin (19.4%)
whereas gentamicin has a resistance rate of 77.0%. Resistance
to the carbapenems was less than 50% (44.4% to meropenem
and 47.2% to imipenem). For the beta-lactam/beta-lactam
inhibitor (ampicillin/sulbactam), resistant was as high as
83.3%. The cephalosporins depicted a resistant rate greater
than 75.0% (77.8% in ceftazidime, 97.2% in cefotaxime to
100.0% in cefixime).
Detection of virulence genes by PCR. The AMR and virulence
gene profiles for E. coli, P. mirabilis and K. pneumoniae are
summarized in Tables 3, 4 and 5, respectively. Firstly, astA, for
which codes for EAST1 toxin was not detected in any of the
isolates; however, kapsMTII and stx2 had the lowest presence
among the isolates with an incidence of 2 and 1, respectively.
The most prevalent detected virulence gene was bssS, which
is found in E. coli, K. pneumoniae, and P. mirabilis. This is
followed by fimH and iutA, observed mostly in E. coli and
P. mirabilis. Four isolates were found to be avirulent, while in
7 isolates, only a single virulence genes was detected.

Virulence factors (genes)

Antibiotics resisted
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Table 4. Virulence genes detected with corresponding resistance pattern
and their clinical source for P. mirabilis
Isolates

Source

Virulence factors
(genes)

Antibiotics resisted

P. mirabilis 1

Aspirate

eaeA

CTX, CFM, CIP, CN, SAM, C, CAZ

P. mirabilis 2

Urine

papC, iutA, fyuA,
traT, bssS

CTX, CFM, F, CIP, CN, C, IPM

P. mirabilis 3

Urine

fimH, eaeA, iutA,
fyuA, bssS

CTX. CFM, F, CN, SAM, C

P. mirabilis 4

Stool

fimH, papC, iutA

MEM, CTX, CFM, F, CIP, CN, SAM,
AK, C, CAZ, IPM

P. mirabilis 5

Urine

Iss

MEM, CTX, CFM, F, CIP, CN, C,
CAZ, IPM

P. mirabilis 6

W/swab

iutA

MEM, CTX, CFM, SAM, CAZ, IPM

P. mirabilis 7

Urine

Nil

MEM, CTX, CFM, F, CIP, CN, SAM,
AK, C, CAZ, IPM

P. mirabilis 8

Urine

iutA

MEM, CTX, CFM, F, CIP, CN, SAM,
CAZ, IPM

P. mirabilis 9

Urine

iutA, fyuA, iss, bssS

CTX, CFM, CN, SAM, C, CAZ

Table 5. Virulence genes detected with corresponding resistance pattern
and their clinical source for K. pneumoniae
Isolates

Source

Virulence factors
(genes)

Antibiotics resisted

K. pneum 1 W/swab Nil

CTX, CFM, F, CIP, CN, SAM, C, CAZ

K. pneum 2

Stool

Nil

CTX, CFM, CIP, CN, SAM, C, CAZ

K. pneum 3

Stool

sfaS, eaeA, fyuA, traT

CTX, CFM, CIP, SAM, AK, C

K. pneum 4

Urine

papC, sfaS, fyuA, traT,
bssS

MEM, CTX, CFM, CIP, CN, SAM,
C, CAZ

DISCUSSION
Over the past few decades, E. coli and K. pneumoniae have
emerged as major causes of several infections ranging from
community to hospital-acquired infections as a result of being
difficult to treat. This study was carried out to determine the
AMR and virulence factors in E. coli, K. pneumoniae and
P. mirabilis isolated from clinical samples at UDUTH Sokoto,
north-west Nigeria.
The preponderance of E. coli, as seen from previous studies,
caused their inclusion in this study, and because E. coli is the
predominant facultative anaerobe and commensal microbiota
in the mammalian gastrointestinal tract [15, 16] that play a
key role in hospital and community acquired infections [17].
Additionally, E. coli strains posses a store of virulence factors
that contribute to their ability to overcome different defence
mechanisms causing disease [18]. There are few reported
studies on virulence factors related to K. pneumoniae and
P. mirabilis. This will therefore serve as a pioneer study in
Sokoto, north-western Nigeria.
A biochemical test/identification kit revealed 36 bacterial
species (E. coli, K. pneumoniae, and P. mirabilis). There
are situations in which the number of species identified by
biochemical test may differ with that of an identification kit.
The reason for the discrepancy in the number of identified
organisms may be attributed to factors such as media
specification, specific microorganisms, and cultivation
conditions, which are common with biochemical methods
frequently characterized by false positive results. This occurs

most especially when dealing with a plethora of similar
microorganisms. The interpretation of similar organisms
might be difficult with the biochemical method, and this
may lead to incorrect identification of these organisms. In
the clinical settings and public health surveillance, it has
been found out that one of the major challenges is the rapid
and accurate identification of infectious agents [1]. In the
current study, aside from the traditional biochemical method
for bacterial identification, a microbial identification kit was
used. The rationale for the use of these methods was to ensure
that organisms were identified to the species level, although
the semi-automatic based method (use of identification
kit) is more discriminatory and sensitive, compared to the
traditional biochemical method. The use of biochemical
tests as a means of identification of microorganisms is
routine in resource-limited settings. The setting in which the
current study was conducted largely depended on traditional
biochemical tests as a means of identification. The major
limitations of traditional biochemical tests are its labour
intensiveness, as well as material consumption. As pointed
out by Srinivasan et al., (2015) following culture, there
should be further biochemical and antimicrobial resistance
testing [1], which adds to the delayed nature of the whole
process. As such, the issue of empirical or inappropriate
treatment of infection will be a common practice in such
settings. Despite its time consuming and frequent failure
in producing accurate results, it also has the disadvantage
of allowing the clinician to use inappropriate therapeutic
options. Nevertheless, molecular testing as reported [19, 20,
21] usually allows quite a large number of microorganisms
from clinical isolates for their identification which are highly
specific and sensitive to give a rapid identification, without
the need to culture these microorganisms.
Despite the discovery and widespread use of an antimicrobial
agent which hindered the spread of pathogens, worse still,
there is a global increase in AMR [22]. The threat of AMR
is growing at an alarming rate and the situation is perhaps
aggravated in developing countries due to the gross abuse
of antimicrobials [23, 24]. A bacterium can present different
resistance phenotypes; such as MDR, if the bacterium present
is resistant to at least 1 agent in 3 or more antimicrobial
categories, while pandrug resistant (PDR) means ‘resistant
to all antimicrobial agents’ [5]. It has been further noted
that for a bacterial isolate or species to be characterized
as PDR, it must be tested and found to be resistant to all
approved and useful agents. In the current study, 3 isolates
(E. coli 3, P. mirabilis 4 and P. mirabilis 7) were resistant to
all antibiotics tested, although 11 different antibiotics were
tested from 5 different classes on these isolates. This may
not be sufficient reason to conclude that these isolates are
PDR, because definitions of PDR are: ‘resistant to almost
all commercially available antimicrobials’, ‘resistant to all
antimicrobials routinely tested’ and ‘resistant to all antibiotic
classes available for empirical treatment’ makes the definition
of PDR subject to inconsistent use, and liable to the potential
misinterpretation of data [5]. The ability of the majority
of these organisms to resist the effect of antimicrobials,
might complicate the treatment of common infections. It is
a challenge to treat infections in low- and middle-income
countries because there has been an increase in resistance
to first-line treatments due to the extended use, misuse, and
abuse of antibiotics [25, 26], as the limited availability of
antibiotics in stock in these areas has been indicated as a big
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challenge in treating infections. However, in the study area of
the authors of this study, there is unrestricted availability of
antibiotics, thus likely contributing to the abuse and misuse
of antibiotics.
This study revealed a high resistant rate among the isolates
for cefixime (100%), cefotaxime (97.2%) and ceftazidime
(77.7%, all of which are cephalosporins not routinely or
commonly used in the study area. By implication, these
isolates are likely extended-spectrum beta-lactamase (ESBL)
producers. And when the co-resistance of ceftazidime and
cefotaxime in the isolates were compared, 75% of them
isolates were resistant to both antibiotics. This may be
connected to the earlier assumption of the authors that the
isolates are likely to be producers of ESBL. The carbapenems
(meropenem and imipenem) used in this study have shown
that some isolates were resistant to their action. This is
because 25% of the isolates were resistant to both imipenem
and meropenem, an indication that these isolates are
likely carbapenemase producers [27]. The AMR test results
showed that none of the isolates were resistant to less than 4
antimicrobials tested so far, although a high sensitivity was
recorded to amikacin (80.6%). Studies by Giwa et al., (2018),
and Boroumand et al., (2019) recorded similar results of
isolates showing high sensitivity to amikacin [28, 29]. Even
among the aminoglycosides currently available for use in
humans, the most resistant to the action of aminoglycoside
modifying enzymes is amikacin [30].
A study conducted by Beceiro et al. showed that bacteria
virulence and antimicrobial resistance develop at different
time scales [22], these bacteria mechanisms enable them
to overcome the defense systems of the host [22]. This
study evaluated some selected genes that encoded these
genes (bacteria virulence and antimicrobial resistance) and
proffer possible antibiotics that could be used to treat MDR
associated with their characteristics in clinical settings. The
study also revealed the biofilm encoding gene (bssS) as the
most prevalent harboured gene, which was detected among
E. coli, K. pneumoniae and P. mirabilis, with the highest
prevalence (47.2%) in E. coli. This was revealed in similar
studies [14, 31].
The ability to colonize and produce biofilm by bacteria
is facilitated by adhesive structures which, in addition, was
able to restrict antibiotic penetration into the cells [32]. The
production of biofilm in bacteria can serve as a means of
protection from exposure to antimicrobials, when compared
with non-biofilm producing bacteria [33], as well a factor
that plays a key role in the development of hospital-acquired
infections and urinary tract infections (UTIs) [29].
There was a significant association between surface
adhesion genes with resistance to non-beta-lactam antibiotics,
as reported by [18], thereby suggesting the inhibitory role of
adhesions in the infiltration of drugs in these organisms.
The gene for adhesion (fimH) and iron chelation (iutA) were
detected only in E.coli (38.9% and 27.8%) and P. mirabilis
(5.6% and 16.7%), respectively. Adhesion virulence genes
confer the organisms the ability to colonize different niches.
It has been reported that type 1 and type 3 fimbria play a
major role in the attachment of Enterobacteriaceae to the host
epithelial and endothelial cells [32, 34], as this is important
to the organism in colonizing different niches and can also
result in the increased pathogenicity of the organism [14].
Although, different bacterial adhesins are adapted to colonize
a specific niche [35], a combination of fimH and traT genes

in clinical isolates is said to increase their pathogenicity and
capacity to cause illness in their host [32]. This will serve
as a means or a strategy for survival in all conditions the
organisms may find themselves. Rahdar et al. (2015), and
Duzgun et al. (2019), also reported similar results in their
studies [36, 37]. Of the other genes for adhesion, papC was
found to be relatively higher than sfaS.
Iron is an essential element in almost all living organisms
and is utilized to catalyze a wide variety of vital enzymatic
reactions [38]. Of the genes conferring iron chelation ability,
iutA and fyuA had a prevalence rate of 44.4% and 27.8%,
respectively. The affinities of bacterial siderophores to iron
are generally higher than those of the host molecules, thereby
allowing the pathogens to compete with the host in the
acquisition of iron [38]. Sáez-López et al. (2016) reported
similar results in studies conducted in Rabat, Morocco, and
Manhica, southern Mozambique, where iutA and fyuA are
the most prevalent virulence genes in vaginal E. coli [25]. A
similar result was reported in [39] which reported a high
percentage of iutA and fyuA genes in both ESBL and AmpC
producing isolates.
Among the genes conferring serum resistance, traT (25%)
was the most predominant. The normal serum in mammals
has bactericidal activity against a wide range of Gramnegative bacteria [14]. It is also noted that the pathogenicity
of bacteria possessing the serum resistance gene is partly
a function of their ability to evade the bacterial effect of
serum [40].
In the current study, the toxins genes were the least detected,
with stx1(13.9%) more predominant than stx2 (2.8%), astA
was completely absent in all isolates, while eaeA (33.3%) was
the most predominant among the toxins genes. However, the
study revealed 2 isolates which resisted all the antimicrobials
tested, but only presented with 3 of the virulence genes, while
2 of the organisms with the highest number of virulence
genes resisted 8 different antibiotics. An interesting finding in
the current study was an isolate (P. mirabilis 7) which resisted
all antibiotics yet was avirulent (no virulence genes detected
by PCR) with other isolates which exhibited a high degree of
resistance to 6–9 antimicrobials also found to be avirulent.
Taken together, there appears to be no clear relationship
between antibiotic resistance and the virulence gene profiles
of the isolates in this study. For example, P. mirabilis 7 was
resistant to all antibiotics tested against it, but no virulence
gene was detected. Also seen in K. pneumoniae 1 and
K. pneumoniae 2, no virulence gene was detected, although
they are resistant to 8 and 7 antibiotics, respectively. In
the case of E. coli 15 and E. coli 13, they were resistant to 9
antibiotics, but only1 and 2 virulence genes were detected,
respectively.
CONCLUSIONS AND RECOMMENDATIONS
The study showed that all the isolates evaluated were MDR.
Some isolates displayed high resistance to antimicrobials
yet does not possess any of the virulence genes. Further
studies at the molecular level are necessary to investigate
the association between virulence factors and antimicrobial
resistance, as well as gene expression and the assessment of
virulence.
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