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ABSTRACT

Objectives: We investigated the genomic epidemiology of extended-spectrum p-lactamase-producing Enterobacter
cloacae (ESBL-Ec) isolates from patients and hospital environment to better understand their distribution to help
devising effective strategies for infection prevention and control.

Methods: We screened ESBL-Ec at Bugando Medical Center (BMC) in Mwanza, Tanzania. Rectal swabs from
orthopedic patients on admission and swabs from the neighboring inanimate environment were collected.
Following microbial culture, DNA was extracted from pure ESBL-Ec, and whole-genome sequencing was done.
Sequence typing (ST), plasmid replicons, drug resistance, and virulence genes were deciphered using the Rapid
Microbial Analysis Pipeline (rMAP).

Results: We obtained 209 ESBL isolates, of which 15 (7.2 %) were ESBL-Ec [8 (53.3 %) from patients and 7 (46.7
%) from the environment]. Seven isolates were novel and eight were diverse, each with a unique ST. All isolates
harbored two to five p-lactamase genes, with the predominance of blacrx.a-15 (15/15), blapxa-1 (14/15), blaggy
(14/15) and blaacr (12/15). The most common non p-lactam drug resistance genes were aac(3)-Ila (14/15), aac
(6)-Ib-cr (14/15), fosA (14/15), and qnrB1 (12/15), aph(3")-Ib (10/15) and aph(6)-Id (10/15). Eleven different
types of plasmid replicons were identified in 14/15 of the isolates, harboring one to five plasmids, with the most
common plasmids being IncFII (11/15) and IncFIB (10/15). All isolates harbored the outer membrane protein
(ompA), and curli protein (csg) was in 14/15 isolates.

Conclusion: Admitted orthopedic patients and the hospital environment act as a reservoir of ESBL-Ec with diverse
STs and endowed with drug resistance and arsenals of virulence genes, calling for their routine screening on
admission for mitigation of potential subsequent infections.

1. Introduction

baumannii, Pseudomonas aeruginosa, and Enterobacter species) group of
pathogens which is part of the healthy gut microbiota of humans and

Enterobacter cloacae is a member of the ESKAPE (Enterococcus fae- animals and is widely distributed in the environment [1,2]. E. cloacae is
cium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter considered to be an important opportunistic human pathogen that has

* Corresponding author.
E-mail address: benkidenya@gmail.com (B.R. Kidenya).
! These authors contributed equally.

https://doi.org/10.1016/j.nmni.2024.101486

Received 13 September 2023; Received in revised form 10 September 2024; Accepted 20 September 2024

Available online 21 September 2024

2052-2975/© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nec-nd/4.0/).


mailto:benkidenya@gmail.com
www.sciencedirect.com/science/journal/20522975
https://www.journals.elsevier.com/new-microbes-and-new-infections
https://doi.org/10.1016/j.nmni.2024.101486
https://doi.org/10.1016/j.nmni.2024.101486
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

B.R. Kidenya et al.

emerged as a notorious cause of multidrug-resistant (MDR) nosocomial
infections [3]. The emergence and spread of extended-spectrum f-lac-
tamase-producing (ESBL-Ec) with extra non-p-lactam antimicrobial
resistance exhausts the treatment options for patients infected with MDR
E. cloacae [4]. More threatening, is the emergence of a super-resistance
bacteria  carbapenem-resistant E.  cloacae  that  produces
carbapenem-hydrolyzing f-lactamase rendering it ineffective to almost
all p-lactams families [5,6]. MDR E. cloacae can colonize contact surfaces
in hospitals and under suboptimal infection control measures in hospi-
tals, the E. cloacae colonizing the hospital surfaces can cause subsequent
nosocomial infections in vulnerable patient populations [5].

In communities, specifically in low- and middle-income countries,
the rampant use of broad-spectrum antimicrobials, such as that observed
during the COVID-19 pandemic era [7,8] may facilitate the selection and
colonization of MDR E. cloacae in the human gut [4]. This results in
forming a reservoir that can serve as an endogenous and exogenous
source of invasive community-onset as well as nosocomial bloodstream
infections, specifically in individuals with debilitating health conditions
or hospitalized patients, such as reduced immunity, malignancy, dia-
betes, and severe illness requiring prolonged hospitalization and anti-
microbial therapy like patients with open fractures [4,9]. The escalating
burden of road traffic accidents in Sub-Saharan African countries (and
Tanzania in particular), and its associated long-term disability and
mortality further reiterates an urgent need to institute stringent infec-
tion prevention and control measures among orthopedic patients [10,
11]. Compared to other ESKAPE members, E. cloacae is less studied,
particularly on the virulence factors and plasmid replicon profiling.

Furthermore, the information on the distribution of p-lactamase
genes and variants among E. cloacae is limited despite it being the
common opportunistic pathogen and a frequent cause of MDR nosoco-
mial infections. With the development of advanced genome sequencing
and bioinformatics analysis thereof, it has become more practical to
delineate the p-lactamase genes and their variants, identify the profiles
of plasmid replicons, and the presence of drug resistance genes and
virulence genes that play key roles in E. cloacae infectivity, adherence,
invasion, toxin production, evasion of host immunity and persistence.

Understanding the distribution of sequence types (STs), plasmid
replicons profiles, arsenals of drug resistance genes, and virulence genes
among ESBL-Ec isolates from orthopedic patients and hospital envi-
ronment is crucial for surveillance and informing strategies for control
and prevention of this nosocomial MDR pathogen. Therefore, to better
understand their distribution to help devising effective strategies for
infection prevention and control, we used whole-genome sequencing
(WGS) to unravel the fp-lactamase genes and variants thereof, STs,
plasmid replicon profiles, non-g-lactam drug resistance genes, and
virulence genes of ESBL-Ec isolated from orthopedic patients and the
hospital environment of Bugando Medical Center, a tertiary referral
hospital in Mwanza, Tanzania.

2. Methods
2.1. Study design and settings

We conducted a cross-sectional study to undertake WGS to determine
the ST, p-lactamase genes and variants thereof, non-g-lactam antimi-
crobial resistance genes, and virulence genes from the ESBL-Ec isolated
from the orthopedic patients as well as from their inanimate hospital
environment. This study was conducted at the Orthopedic wards of
BMG, a tertiary referral hospital in Mwanza, Tanzania.

We screened a study population of 283 patients and 29 inanimate
environments (walking clutches, wheelchairs, bathroom sinks, door
knobs, floor below patients’ beds, and bed rails) and obtained 88 envi-
ronmental samples. We obtained 209 ESBL isolates, of which 15 (7.2 %)
were E. cloacae [8 (53.3 %) from patients and 7 (46.7 %) were from
hospital inanimate environment] as previously discussed in detail in our
recent publication [12]. The selection of ESBL-Ec for WGS was based on
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the fact that 3rd generation cephalosporin-resistant Enterobacterales are
WHO priority 1 (Critical) pathogens requiring research and develop-
ment for new antibiotics; and unlike other Gram-negative bacteria,
limited studies exist for E. cloacae [13,14]. All 15 ESBL-Ec isolates were
then taken for DNA extraction and WGS, and their sequences were
analyzed in this study.

2.2. Data collection, DNA extraction, and whole-genome sequencing

We analyzed the whole-genome sequence data obtained from all
ESBL-Ec isolates from the mother study titled “Understanding Trans-
mission Dynamics and Acquisition of Antimicrobial Resistance at
Referral Hospitals and Community Settings in East Africa using Con-
ventional Microbiology and Whole-genome Sequencing” (Grant number
GCA/AMR/rnd2/058). The confirmed 15 ESBL-Ec isolates were shipped
to Earlham Institute, Norwich, located in the United Kingdom for WGS
using the Low Input, Transposase Enabled (LITE) Illumina protocol on
the Illumina NovaSeq 6000 platform with short paired-end 150 bp reads.

2.3. Bioinformatics analysis

The analysis of WGS data was done using our previously published
Linux command line-based bioinformatics pipeline called “rMAP”, the
Rapid Microbial Analysis pipeline [15]. Briefly, the whole-genome raw
sequences together with the E. cloacae reference sequence in fasta
format (E. cloacae strain AF-401 chromosome, complete genome, As-
sembly: GCF_001896005., NZ_CP018254.1) were plugged into the rMAP
pipeline. All raw sequences were checked for quality in the rMAP
pipeline using the embedded FastQC version 0.11.9 [16] to generate
individual sample reports using MultiQC version 1.9 [17] for aggre-
gating all the multiple reports into one report. Trimmomatic version
0.39 [18] was used to trim off adapters and remove low-quality reads.

The trimmed reads were loaded into the Shovill version 1.0.9 [19],
the Ilumina short-read assembler for bacterial genomes for de-novo
genome assembly. K-mer sizes 31, 55, 79, 103, and 127 were used to
determine the optimum genome assembly. Pilon [20] was used for
checking assembly errors, correcting ambiguous gaps, insertions, de-
letions and finally polishing the genomes. Then, the prodigal [21] was
used to predict open reading frames from the assembled contigs, and for
fast and efficient functional annotation of E. cloacae assembled genomes,
we used Prokka version 1.14.6 [22].

Antimicrobial resistance profiling was done using AMRfinder version
3.8.4 [23] based on the ResFinder database [24] at default settings.
Plasmid replicon profiles and virulence factors were determined from
the assembled genomes using PlasmidFinder [25] and the Virulence
Factor Database (VFDB) [26], respectively, using the ABRicate version
1.0.1 [27]. Multi-locus sequence typing (MLST) to determine the ST was
performed using MLST version 2.19.0 [28] from the E. cloacae assem-
bled contigs. Phylogenetic inference by maximum likelihood was per-
formed using MAFFT version 7.471 [29], IQtree version 2.0.3 [30],
vef2phylip version 1.5 [31], and BMGE version 1.12 [32]. The rMAP
pipeline collated all the individual variant call files (VCF) into a single
VCF containing all the samples and their single nucleotide poly-
morphisms before being transposed by vcf2phylip into a
multi-alignment fasta file. MAFFT software package was used to perform
multiple sequence alignment; removal of ambiguously aligned reads as
well as extraction of informative sites was performed to infer phylogeny
using BMGE. IQtree was then used to test various substitution models
and construct trees from the alignments using the maximum-likelihood
method in 1000 bootstraps. The resulting trees were visualized in the
form of rectangular phylograms and then annotated by iTOL [33]
version 6.
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3. Results

3.1. Sequence types (ST) and antimicrobial resistance determinants genes
of ESBL-producing Enterobacter cloacae

Of the 15 ESBL-Ec isolates, seven (46.7 %) were novel isolates and
the rest were so diverse that each isolate had its own ST. These STs were
different between clinical and environmental samples. The seven ESBL-
Ec isolates from environment were isolated from bathroom sinks (5),
wheel chair (1) and ward floor (1). Of the 15 ESBL-Ec isolates from
patients and hospital inanimate environment, there were six different
p-lactamase genes observed with 14 genetic variants. All isolates
harbored three to five p-lactamase gene variants, with blacyx.p (CTX-M-
15and 3) (15/15)[100 %], blapxa-1 (14/15) [93.3 %] and blaact (ACT-5,
6,7,9and 16) (12/15) [80.0 %], blargy (TEM-1A and 1B) (14/15)[93.3
%] being the most common p-lactamase genes. The most common non
B-lactam drug resistance genes were aac(3)-Ila (14/15)[93.3 %], aac
(6)-Ib-cr (14/15)[93.3 %], fosA (14/15)[93.3 %], qnrB1 (12/15)[80.0
%], aph(3")-Ib (10/15)[66.7 %], aph(6)-Id (10/15)[66.7 %], tet(A) (8/
15)[53.3 %], sull (8/15)[53.3 %], sul2 (8/15)[53.3 %] and dfrA14 (8/
15)[53.3 %]. Tables 1 and 2.

Table 1

New Microbes and New Infections 62 (2024) 101486
3.2. Plasmid replicons profile of ESBL-producing Enterobacter cloacae

There were 11 different types of plasmid replicons identified in 93.3
% (14/15) of the genomes of the ESBL-Ec isolates and only one isolate
did not harbor any plasmid replicon. The ESBL-Ec harbored one up to
five plasmids with the most common plasmids being IncFII 11/15 (73.3
%) and IncFIB 10/15 (66.7 %). Table 1.

3.3. Virulence determinants genes of ESBL-producing Enterobacter
cloacae

All ESBL-Ec harbored the outer membrane protein (ompA), and curli
protein (csg) was observed in 14/15 (93.3 %) isolates. Other virulence
genes observed encode for heat-stable enterotoxin-1 (astA) 6/15 (40.0
%), long polar fimbrial protein adhesin (IpfABCE operon) 5/15 (33.3 %),
and at least one siderophore production systems (enterobactin [entAB]
and/or salmochelin iroBCDEN]) 5/15(33.3 %). Tables 2 and 4.

Source of isolation, ST, p-lactamase genes, other drug resistance
genes, plasmid replicon profiles, and virulence genes for each isolate and
the overall distribution thereof are summarized in Tables 1-4.

Distribution of 15 ESBL-producing Enterobacter cloacae isolates by Source, ST, f-lactamase genes, Other Drug resistance genes and Plasmid replicon profiles.

SN ID Source ST p-Lactamase genes Other Drug resistance genes Plasmid profile

1 ID001 Patient 125 blaacr.g; blacrxar1s; blaoxa.  aac(3)-Ila; aac(6)-Ib-cr; dfrA14; fosA; qnrB1; tet(A) IncFIB(pECLA); IncFII
1 (pECLA)

2 1D002 Patient 826 blacrx 15, blayr 15 blaoxa.  aac(3)-Ila; aac(6)-Ib-cr; aph(3")-Ib; aph(6)-1d; fosA; sul2; tet(A) Col4401I,
iy
blargy.18 IncFIB

3 IDO13II Patient - blacyr 3; blacrx s blaoxa.  aac(3)-Ila;aac(6')-1b-cr; ant(3")-Ia; aph(3")-1b; aph(6)-1d; catAl; fosA; sul2  IncHIZ;

1; blarea1 IncHI2A

4 1ID038 Patient 190 blaacr.7, blacrx.m.15; blaoxa.  aac(3)-Ila; aac(6)-Ib-cr; aph(3')-Ib;aph(6)-1d; catAl; dfrAl; dfrA14; fosA;  IncFII(pECLA);

1; blarga1s qnrB1; sull; sul2; tet(A) IncHI2;
IncHI2A;
IncR

5 ID086II Patient 144 blascr.16; blacrxar.1s; aac(3)-1la; aac(6)-Ib-cr; ant(3")-Ia; aph(3")-Ib; aph(6)-1d; catAl; dfrA14; IncFIB(pECLA);IncFIT
blapxa.1; blargm.1 fosA; qnrB1; sul2; tet(A) (pECLA)

6 1D149 Patient - blaacr.s; aac(3)-lla;aac(6')-Ib-cr; dfrA15; fosA; qnrB1; sull IncFIB(pB171);
blacrx.m-15; IncFII(Yp)
blapxa.1; blarem.1a

7 ID152 Patient - blascr.s; aac(3)-lla;aac(6')-Ib-cr; dfrA15; fosA; qnrB1; sull IncFIB(pB171);
blacrx-m.15; IncFII(Yp)
blaoxa.1; blarem.1a

8 D259 Patient 414 blaacrs; aadA2;aph(3")-Ib;aph(6)-1d; dfrA12; fosA; qnrS1; sull -
blacrx-m.3; blarem-1s

9 ORTHOO013EI Bathroom - blaacrs; aac(3)-Ila; aac(6)-Ib-cr; dfrA15; fosA; qnrB1; sull IncFIB(pB171);

sink blacrx-m.15; IncFII(Yp)
blapxa.1; blarem-1a

10 ORTHOO013EIL Bathroom - blaacr-16; aac(3)-1la; aac(6)-Ib-cr; aph(3")-1b; aph(6)-1d; catA2; dfrA14; dfrA15; IncFIB(pB171);

sink blaacr.s; qnrB1; sull IncFIB(pECLA);
blacrx.r1s; IncFII(pECLA);
blapxa.1; blagen.1a IncFII(Yp)

11 ORTHOO14EIl  Wheel-chair 102 blascr.s; aac(3)-lla;aac(6))-Ib-cr;ant(3")-1a; aph(3")-Ib;aph(6)-Id;catA1; dfrA14; Col4401
blacrx-m.15; fosA; qnrB1; sul2; tet(A)
blapxa.1; blarem-18

12 ORTHOO025E Bathroom - blacrx..1s; blaoxa.s; blargy.  aac(3)-Ila; aac(3)-1ld;aac(6)-Ib-cr; ant(3")-Ia; aph(3")-Ib;aph(6)-1d; Col440I; IncFIB(K);

sink 1B catAl; dfrA14; fosA; mph(A); qnrB1; qnrEl; sul2; tet(A)
IncFII(Yp);
IncHI2; IncHI2A

13 ORTHOO039E Ward Floor 1015  blaacr.; aac(3)-Ila; aac(6)-Ib-cr; ant(3")-Ia; aph(3")-Ib; aph(6)-1d; catAl; dfrA14; IncFII(pECLA);
blacrx.ar1s; fosA; qnrB1; sul2; tet(A) IncHI2; IncHI2A
blapxa.1; blarem.1s

14 ORTHOO042EI Bathroom - blascre; aac(3)-Ila; aac(6)-Ib-cr; dfrA15; fosA; qnrB1; sull IncFIB(pB171); IncFII

Sink blacrx.m 153 (Yp)
blapxa-1; blarem.1a

15 ORTHOO047E Bathroom 515 blacrx-am.15; aac(3)-Ila; aac(6)-Ib-cr; ant(3")-Ia; aph(3")-Ib; aph(6)-1d; catAl; dfrAl; IncHIZ;

Sink blayyr.s; dfrA14; fosA; mph(A); qnrB1; sull; sul2; tet(A) IncHI2A;
blapxa.1; blargm18 IncR
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Table 2
Distribution of 15 ESBL-producing Enterobacter cloacae isolates by Source, ST,
and virulence genes.
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Table 4
Distribution of virulence genes among 15 ESBL producing Enterobacter cloacae
isolates.

SN ID Source ST Virulence genes
1 1D001 Patient 125 csgG; ompA
2 1D002 Patient 826 csgG; ompA
3 ID013II Patient - csgG; ompA
4 ID038 Patient 190 ¢sgG; entB; iroB; iroC; iroD; iroE;
iroN; ompA
5 ID086IL Patient 144 ompA
6 ID149 Patient - astA; csgG; IpfA; IpfB; IpfC; IpfE;
ompA
7 ID152 Patient - astA; csgG; IpfA; IpfB; IpfC; IpfE;
ompA
8 D259 Patient 414 ¢sgG; entB; ompA
9 ORTHOO013EI Bathroom - astA; csgG; IpfA; IpfB; IpfC; IpfE;
sink ompA
10  ORTHOO13EIl  Bathroom - astA; csgG; IpfA; IpfB; IpfC; IpfE;
sink ompA
11 ORTHOO14EIl  Wheel-chair 102 csgG; entA; ompA
12 ORTHOO025E Bathroom - csgG; entA; ompA
sink

13 ORTHOO39E Ward Floor 1015 ¢sgG; iroB; iroC; iroD; iroE; iroN;

ompA

14  ORTHOO42EI Bathroom - astA; csgG; IpfA; IpfB; IpfC; IpfE;
Sink ompA

15 ORTHOO047E Bathroom 515 astA; csgG; ompA
Sink

Table 3
Distribution of Drug resistance genes among 15 ESBL-producing Enterobacter
cloacae isolates.

Gene Antibiotic Resistance Number Percent
(n) (%)
aac(3)-Ila Gentamicin, tobramycin 14 93.3
aac(6)- Ciprofloxacin, gentamicin 14 93.3
Ib-cr
fosA Fosfomycin 14 93.3
qnrB1 Ciprofloxacin 12 80.0
aph(3')-Ib  Streptomycin 10 66.7
aph(6)-1d Streptomycin 10 66.7
tet(A) Doxycycline, tetracycline 8 53.3
sull Sulfamethoxazole 8 53.3
sul2 Sulfamethoxazole 8 53.3
dfrA14 Trimethoprim 8 53.3
catAl Chloramphenicol 7 46.7
ant(3')-la Streptomycin 6 40.0
dfrA15 Trimethoprim 5 33.3
mph(A) Erythromycin, azithromycin, Spiramycin, 2 13.3
telithromycin
dfrAl Trimethoprim 2 13.3
catA2 Chloramphenicol 1 6.7
aac(3)-11d Gentamicin, tobramycin 1 6.7
dfrA12 Trimethoprim 1 6.7
qnrE1 Ciprofloxacin 1 6.7
qnrS1 Ciprofloxacin 1 6.7
aadA2 Streptomycin 1 6.7

3.4. Phylogenetic relatedness of ESBL-producing Enterobacter cloacae

In phylogenic relatedness analysis, one isolate, IDO86II with ST 144
from a patient accumulated more mutations than other ESBL-producing
Enterobacter cloacae depicted in the phylogenetic tree. Furthermore,
isolates from patients and those from the environment clustered in two
different clusters (ID0O02 from the patient and ORTHOO047E from the
environment; ID0259 from the patient and ORTHOO39E from the
environment) (Fig. 1).

4. Discussion

Understanding the genetic diversity (ST), p-lactamase genes and

Virulence protein (Operon) Virulence gene  Number Percent
() (%)
Outer membrane protein A ompA 15 100.0
Curli protein csgG 14 93.3
Heat-stable enterotoxin 1 astA 6 40.0
Long polar fimbrial protein lpaABCE 5 33.3
(adhesin) operon
Enterobactin biosynthetic system
(entA, entB operon; ironBCDEN entA 2 13.3
operon)
entB 2 13.3
iroBCDEN 2 13.3

variants thereof, plasmid replicons profiles, drug resistance and arsenals
of virulence genes of ESBL-Ec isolates from admitted patients and hos-
pital environment is of great significance to prevention and control of
this nosocomial MDR pathogens in a local setting. It also sheds light on
the current global progress in the development of innovative strategies
to combat this MDR and virulent nosocomial pathogen. In this study, we
reveal ESBL-Ec with high frequency of several drug resistance genes
beyond f-lactam drugs, virulence genes, and high content of plasmids,
from patients as well as from the hospital environment, a situation that
may predispose these patients with fractures to the acquisition of severe
nosocomial infections and therefore sets an alarm for strengthening
surveillance and nosocomial infection prevention measures on the need
to expand the scope of priority pathogens by introducing a routine
screening of E. cloacae.

We found a high diversity of genotypes as each isolate had its own ST
indicating no evidence of clonal spread. However, 46.7 % of isolates
were novel. Our finding that all isolates harbored three to five f-lacta-
mase genes, with blaCTX-M-15, blaOXA-1, blaTEM and blaACT being the
most common is similar to a recent study in Nepal [4]. The predomi-
nance of blaCTX-M-15 gene variant is reiterated in the global review and
meta-analysis [34]. The detection of multiple p-lactamase genes in
extended-spectrum f-lactamase (ESBL)-producing Enterobacter cloacae
from orthopedic patients and the environment of a tertiary referral
hospital has significant clinical and public health implications. The
presence of these multiple p-lactamase genes underscores the pathogen’s
capacity to degrade a broad range of f-lactam antibiotics, including
penicillins, cephalosporins, and carbapenems. This severely limits
treatment options for infections, complicating patient management and
leading to higher morbidity and mortality rates, particularly among
vulnerable populations such as orthopedic patients undergoing invasive
procedures.

Additionally, the findings suggest that the hospital environment,
alongside the patients, can act as a reservoir for these resistant organ-
isms. This raises the risk of nosocomial transmission of the bacteria,
which could increase infection rates among hospitalized patients,
especially those with compromised immune systems or undergoing
surgery.

The presence of resistant ESBL-producing Enterobacter cloacae strains
in the hospital environment further complicates infection prevention
and control efforts. Addressing this challenge requires stricter hygiene
protocols, regular surveillance, and robust antimicrobial stewardship to
prevent outbreaks and control the spread of resistant bacteria. More-
over, the findings highlight the urgent need for hospitals to revise their
antibiotic treatment guidelines, ensuring therapies remain effective
against resistant strains. This may prompt a shift towards using alter-
native or combination therapies, which could be more costly and
potentially more toxic.

On a larger scale, the identification of multiple p-lactamase genes
points to the escalating challenge of antimicrobial resistance (AMR) in
healthcare settings. It emphasizes the importance of continuous
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Fig. 1. Phylogenetic relatedness of ESBL-producing Enterobacter cloacae from patients and hospital environment of Bugando Medical Center, a tertiary hospital in
Mwanza, Tanzania. IDO86II with ST 144 from a patient accumulated more mutations than other ESBL-producing Enterobacter cloacae. Isolates from patients and those
from the environment clustered in two different clusters (ID002 from the patient and ORTHOO47E from the environment; ID0259 from the patient and ORTHO039E

from the environment).

surveillance, rapid diagnostics, and the development of new antimi-
crobial therapies to combat these highly resistant organisms. There is a
critical need for ongoing monitoring of drug resistance patterns in
healthcare environments, along with the implementation of robust
infection control measures, to protect patient health and prevent the
spread of resistant pathogens.

Our study found that the most common non-p-lactam antimicrobial
resistance genes were aac(3)-Ila (gentamicin, tobramycin), aac(6')-Ib-cr
(aminoglycosides and fluoroquinolones) and gnrB1 (ciprofloxacin), fosA
(fosfomycin), aph(3")-Ib (streptomycin), aph(6)-Id (streptomycin), tet(A)
(doxycycline, tetracycline), sull and sul2 (sulfamethoxazole), and
dfrA14 and dfrA15 (trimethoprim), catAl (chloramphenicol) and ant
(3")-Ia (streptomycin). This high frequency of resistance genes to ami-
noglycosides, quinolones, and sulfamethoxazole in ESBL-Ec isolated
from orthopedic patients, and neighboring inanimate environment is
alarming as this situation predisposes these patients with open fractures
to the acquisition of severe nosocomial infections, a situation that sets an
alarm for strengthening AMR surveillance and IPC.

Furthermore, the resistance of ESBL-Ec isolates to quinolones, ami-
noglycosides, and sulfamethoxazole, which are the front-line and
second-line antibiotics currently used for treating common bacterial
infections in Tanzania, emphasizes the need to continuously revise the
local guidelines used for optimal empirical therapy for bacterial in-
fections and devise proper control strategies and further research to
combat antibiotic resistance. The presence of gene aac (6')-Ib-cr) which
encodes aminoglycoside acetyltransferase that increases minimum inhib-
itory concentration (MIC) against aminoglycosides and fluo-
roquinolones reveals a high prevalence of resistance to these two
antimicrobials [35]. Furthermore, this high prevalence could be
explained by the fact that these antibiotics are used as front-line drugs to
treat infections such as UTI, bacteremia, and wound sepsis, which are
the leading cause of hospital visits. This level of antimicrobial resistance
of ESBL-Ec to these front-line antibiotics is of great concern as it limits
the therapeutic options to treat these infections, and therefore highlights
the growing threat of the emergence of pan-drug resistance in ESBL-Ec
[5,6]. The finding of ESBL-Ec possessing several p-lactamase genes
with multiple non g-lactam drug resistance could be due to the fact that
E. cloacae reside in the gastrointestinal tract with other bacteria
providing the suitable niche for horizontal gene transfer via conjugation.

In our study, only one ESBL-Ec did not harbor any plasmid, and the
rest of the isolates 93.3 % harbored one up to five plasmids with the most
common plasmids incompatibility groups being IncFII and IncFIB [4].

Our finding is similar to a previous study in Nepal and slightly different
from the global distribution of plasmid replicons of ESBL-producing
E. cloacae, in which the most common plasmid replicons were IncHIZ,
IncHI2A, IncFII, IncCol, IncFIB, and IncR. Furthermore, we observed the
highest number of plasmids per isolate than that reported from a study
done in Nigeria [36], which observed 3 plasmids per isolate compared to
5 plasmid replicons in our study. Of note, antibiotic-resistant genes
encoding multiple resistance to antibiotic classes such as fluo-
roquinolones, aminoglycosides, and p-lactams borne on plasmids are
capable of bacteria-to-bacteria transmission via horizontal gene transfer
through conjugation among bacterial communities[37-39]. This poses a
danger in the effort to control the spread of antibiotic resistance.

Our findings highlight that all ESBL-Ec isolates harbor the ompA gene
encoding for outer membrane protein A. The other most common
virulence genes observed encode for curli protein (csg), heat-stable
enterotoxin 1 (astA), long fimbrial protein (IpaABCDE operon), and
siderophores (entAB encoding for enterobactin and for salmochelin)
biosynthesis. The outer membrane protein (OmpA) is a major protein
located on the outer surface of E. cloacae and the pathogen employs it to
induce host damage. This study also shows that almost all isolates
studied (93.3 %) have a gene encoding for curli protein (csg) and long
polar fimbria (IpfABCDE operon) for adhesions. Adhesion allows
E. cloacae to attach to the host surface, which is the first step in the
colonization of their preferred host niche.

Iron is an essential trace element nutrient for humans and for nearly
all pathogens to human [40], it is used for metabolic processes such as
respiration, DNA synthesis and repair. Therefore, for a pathogen to ac-
quire this essential iron nutrient, it must possess a mechanism to actively
sequester iron from the host iron chelators protein in order to success-
fully colonize human. E. cloacae and other pathogens have evolved a
mechanism to produce siderophores, which are small non-ribosomal
peptide that sequester iron from the host chelators with incredible
high iron binding affinity to outcompete human iron chelators [40]. The
repertoire of siderophores expressed by a pathogen commensurate with
the degree of virulence, pathogenicity and fitness for survival [41].
Furthermore, two out of five isolates harbored astA gene encoding for
heat-stable enterotoxin 1, which is said to induce diarrhea in humans,
especially children and young farm animals such as piglets and calves
[42].

This study is limited by the low sample size of isolates investigated to
limit the association between the -lactamase genes and variants thereof
with plasmid replicons. However, it sheds light on the content and
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distribution of f-lactamase genes, STs, plasmid replicon profiles, drug
resistance, and virulence genes from ESBL-Ec isolates from admitted
patients and from hospital environment. Furthermore, this study pro-
vides critical information that is key to devising effective control and
prevention strategies.

In conclusion, admitted orthopedic patients and the hospital envi-
ronment harbor ESBL-producing E. cloacae with different STs and
endowed with drug-resistance genes and arsenals of virulence genes,
highlighting the necessity to routinely screen orthopedic patients.
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