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Abstract

Untreatedwastewater emanating from healthcare facilities are risk factors for the spread of antimicrobial resistance (AMR)
at the human—environment interface. In this study, we investigated the determinants of resistance in three multidrug resistant
strains of Proteus mirabilis isolated from untreated wastewater collected from three government owned hospitals in Ibadan,
Nigeria. Despite showing low-level resistance to ciprofloxacin, whole genome sequencing revealed the transferable mechanism
of quinolone resistance (TMQR) gene gnrD3 carried on Col3M plasmids in all the isolates. Core genome phylogenetic analysis
showed the isolates are closely related differing from each other by <23 single nucleotide polymorphisms (SNP). Further,
they shared the closest evolutionary relationship with isolates from China. Similarly, the Col3M plasmids is most closely
related to p3M-2A found in P. vulgaris 3 M isolated from the intestine of shrimps in China. This to the best of our knowledge
is the first report of Col3M plasmids carrying gnrD3 in environmental bacterial isolates. Our results indicate a possible silent
spread of this important plasmid associated with the dissemination of gnrD3 in Nigeria, and further highlights the important
role played by untreated wastewater from healthcare facilities in the spread of AMR in low- and middle-income countries.

Keywords Fluoroquinolone resistance - gnrD3 - Col3M plasmid - Hospital wastewater - Proteus mirabilis - Family
Morganellaceae

Introduction lack of sanitation and hygiene facilities which makes the

environment a receptacle for wastes from domestic, indus-

The widespread contamination of the natural environment
with clinically relevant antimicrobial resistance (AMR) has
added a new dimension to the global challenge posed by
AMR to human health. This challenge is more acute in low-
and middle-income countries (LMIC) due to the pervasive
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trial, and agricultural sources. Thus, the United Nations
Environment Programme (UNEP) recently placed environ-
mental AMR at the top of six emerging issues of environ-
mental concern currently facing mankind (UNEP 2017).
Wastewater discharge from healthcare facilities is an impor-
tant risk factor for environmental contamination with AMR
in sub-Sharan Africa (Adelowo et al. 2008; 2018a). Residue
of antimicrobials used in the management of infections in
these facilities eventually find their way into natural ecosys-
tems through the wastewater generated from these facilities.
The risk of wastewater-associated AMR reaching the human
population through wastewater is exacerbated by the acute
lack of sanitation and hygiene facilities in many healthcare
facilities in this region, which translates into a continuous
release of untreated wastewater into the environment from
these and other sources.

Fluoroquinolones, which were introduced into clini-
cal practice in African countries in the early 2000s, have
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since become one of the most widely used antimicrobial
drugs because of their broad-spectrum activity against
enteric pathogens that commonly cause infections in this
region (Orogade and Akuse 2004). Their widespread use
has led to the emergence of fluoroquinolones resistance
among bacteria in the African sub-region, most com-
monly associated with resistance to other antimicrobial
agents (Lamikanra et al. 2011). Mutations in the quinolone
resistance-determining regions on bacterial chromosomes
were the first known mechanisms of resistance to fluoro-
quinolones. However, the first transferable mechanism of
quinolone resistance (TMQR), gnrAl, was reported in a
clinical strain of Klebsiella pneumoniae in 1998 and was
followed quickly by reports of other TMQRs that confer
resistance via efflux (gepA and ogxAB), antibiotic modifi-
cation (aac(6')-lb-cr), and target protection (gnrA, gnrB,
gnrC, gnrD, gnrE, gnrS, and gnrVC) (Ruiz 2019).

gnrD, a member of the pentapeptide repeat protein family,
was first described in 2009 on small (4.3 kb) non-conjuga-
tive plasmids (p2007057) found in clinical strains of Sal-
monella enterica serovars Bovismorbificans and Kentucky
isolated in China (Cavaco et al. 2009). Subsequently, gnrD
was reported on smaller sized plasmids (2.7 kb) in several
members of the family Morganellaceae with pDIJ09-518a
as the archetype (Guillard et al. 2014). To date, only three
alleles of gnrD have been described (Ruiz 2019), frequently
associated with members of the Morganellaceae and sug-
gesting this family as a possible ancestor of the gene (Guil-
lard et al. 2014). In this family, gnrD is frequently associated
with two non-conjugative plasmids ranging in size from 2.7
to 4.2 kb, which are mobilizable by mobile insertion cas-
sette elements (Guillard et al. 2014). Plasmids similar to
pDI1J09-518a are disseminated worldwide among members
of this family from human (Guillard et al. 2012; Chen et al.
2018; Bitar et al. 2020; Tchuinte et al. 2020) and animal
sources (Jones-Dias et al. 2016; Rahman et al. 2020; Zhang
et al. 2020). In addition to members of the family Morganel-
laceae, the plasmid has also been reported in Escherichia
coli (Zhang et al. 2013), Citrobacter freundii from livestock
(AbuOun et al. 2021), non-enteric Salmonella from swine
(Elnekave et al. 2019), and Vibrio parahaemolyticus isolated
from wild birds in China (Zheng et al. 2020).

Despite their widespread dissemination in human and ani-
mal, reports of gnrD-encoding plasmids from environmental
sources have been limited to a few studies (Kraychete et al.
2019) with none of those studies originating from Nigeria.
Moreover, sequence-based approaches, which enables a
tracking of genes mediating resistance to antimicrobials and
their mobile genetic support, is rarely deployed in studies
investigating AMR in sub-Saharan Africa (Chattaway et al.
2016; Ikhimiukor et al. 2022) especially in bacteria isolated
from environmental sources. In this study, we used whole
genome sequencing approach to investigate determinants of

low-level fluoroquinolone resistance in three species of Pro-
teus mirabilis isolated from untreated wastewater collected
from three government-owned hospitals in Ibadan, South
West Nigeria.

Materials and methods

Bacterial species and antimicrobial susceptibility
testing

Untreated wastewater was collected in 50-mL sample bottles
from three government-owned hospitals located in different
areas of Ibadan, the capital city of Oyo State, southwestern
Nigeria in May, June, and December 2019, and January 2020
as described (APHA 1998). The three hospitals were located
in Yemetu in the Ibadan North Local Government area, Jeri-
cho in Ibadan North West, and Ring Road in Ibadan South
West Local Government Areas of Oyo State. Samples were
processed within 6 h of collection by plating on Eosin Meth-
ylene Blue (EMB) agar, McConkey Agar, Cetrimide agar,
and Salmonella-Shigella Agar for the isolation of Gram-
negative bacteria species. Purified colonies from the plates
were stored frozen in 15% glycerol for further analysis. Pre-
liminary identification of bacteria isolates was carried out
through biochemical characterization tests as previously
described (Bergey and Holt 2000, Cullimore 2019).

The susceptibility of the isolates to nine antibiotics was
tested by disc diffusion as described by the Clinical and
Laboratory Standards Institute (CLSI 2018). The antibiotics
used were imipenem (IMP, 10 ug), cefotaxime (CTX, 30 pg),
ceftazidime (CAZ, 30 pg), oxacilin (OX, 1 pg), cefoxitin
(FOX, 30 pg), azithromycin (AZM, 15 pg), streptomycin (S,
10 pg), sulphamethoxazole (SXT, 25 ug), and ciprofloxacin
(CIP, 5 pg). Discs containing the test antibiotics were lay-
ered on Mueller—Hinton agar plates inoculated with stand-
ardized saline suspensions (0.5 MacFarland standard) of the
test bacteria. Plates were incubated overnight at 37 °C and
zones of growth inhibition around each disc were measured
and interpreted by zone diameter interpretive standard of the
CLSI (CLSI 2018).

DNA extraction and whole genome sequencing

Total genomic DNA was extracted from the bacterial iso-
lates using the DNeasy Blood and Tissue Kit (Qiagen) and
the DNA quality checked using a Qubit Fluorometer (Ther-
moFisher Scientific). Sequencing libraries were prepared
using the NEBNext® Ultra™ DNA Library Preparation Kit
for Illumina® (New England Biolabs, Frankfurt, Germany)
according to the manufacturer’s specifications. The librar-
ies were sequenced on an Illumina MiSeq machine using v3
chemistry and pair-end approaches as described previously
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(Adelowo et al. 2018b). Raw sequences were subjected to
adapter clipping and quality trimming using Trimmomatic
(Bolger et al. 2014), reads were assembled with SPAdes
v3.6.2 (Bankevich et al. 2012) and assembly quality of the
genomes assessed with Quast v5.0.2 (Gurevich et al. 2013)
while CheckM v1.0.4 (Parks et al. 2015) was used to check
for contamination. Bacterial identity was verified using Spe-
ciesFinder (https://cge.food.dtu.dk/services/SpeciesFinder/)
which predicts bacteria identity to species level using the
16S ribosomal DNA sequence. Antibiotic resistance genes
(ARG) were searched for using ResFinder 4.1 (Camacho
et al. 2009; Bartolaia et al. 2020; Zankari et al. 2020) and the
Comprehensive Antimicrobial Resistance Database (CARD)
setting the parameter at perfect and strict hits only (Alcock
et al. 2020). Plasmids and other mobile genetic elements were
searched using PlasmidFinder (Carattoli et al. 2014; Cama-
cho et al. 2009) and MobileElementFinder (MGE) (Johans-
son et al. 2021). The genomes were annotated using RAST-
Kit v1.073 (Arkin et al. 2018) for further analysis.

Genetic relatedness of isolates

In addition to the three P. mirabilis isolates from our study,
we searched for publicly available P. mirabilis genomes
carrying gnrD from the National Centre for Biotechnology
Information (NCBI) isolate Browser database, and included
the database hits in our analysis to compare their genetic
relatedness. Average nucleotide identity (ANI) of orthol-
ogous gene pairs within the isolates were defined using
FastANI, and an ANI percentage > 95% was used to confirm
the identities of the genomes to species level. The genomes
were annotated using Prokka v.1.14.6 (Seemann 2014).
Annotated genomes were used as input to carry out a pange-
nome analysis using Roary v3.13.0 (Page et al. 2015). Single
nucleotide polymorphisms (SNP) were extracted from the
resulting alignment of core genes (genes shared in>95% of
genomes) using SNP-sites (Page et al. 2016). The SNP align-
ment were used as input to infer a Maximum-Likelihood
phylogeny using RAXML v8.2.12 using the GTR GAMMA
model (Stamatakis 2014). The phylogenetic tree was visual-
ized and annotated using figtree v.1.4.4 (http://tree.bio.ed.ac.
uk/software/figtree/) and Interactive Tree of Life IToL (Letu-
nic and Bork 2019). We used snp-dists v0.8.2 to determine
pairwise SNP distance of core genome alignment (https://
github.com/tseemann/snp-dists). The SNPs from the core
genome alignment was used as input in building a minimum
spanning tree using Grapetree (Zhou et al. 2018).

In silico plasmid analysis
The sequences of forty gnrD-bearing plasmids and plasmid

p3M-2A were downloaded from GenBank (https://blast.
ncbi.nlm.nih.gov) and aligned using MUSCLE (Madeira

@ Springer

et al. 2022). The aligned sequences were used to plot a phy-
logenetic tree to show the evolutionary relationship of the
plasmids (pNgM_1_qnrD3, pNgM_5_qnrD3 and pNgM_6_
qnrD3) detected in the three Nigerian isolates with similar
plasmids in other parts of the world.

Data availability

The whole genome sequences of the three iso-
lates are deposited in the GenBank under BioPro-
ject Number PRINA877695, BioSample Numbers
SAMN30722190-SAMN30722192 and accession numbers
JAODPC000000000- JAODPE000000000.

Results and discussion

Despite the current widespread distribution of TMQR genes
which mediates reduced resistance to fluoroquinolones in
clinical and environmental bacteria in different regions of
the world, the prevalence of the gnrD variant has been low
with reports to date limited to only three allelic variants
(Ruiz 2019). While previous studies have reported TMQR
genes (including gnrD) in bacteria from clinical and non-
clinical sources in Nigeria (Ogbolu et al. 2011, 2016; Sum-
rall et al. 2014; Nsofor et al. 2021; Adekanmbi et al. 2022),
none of these have reported the gnrD3 allelic variant either
in clinical or environmental bacteria strains. Similarly, there
is no detailed characterization of the plasmid backbone car-
rying this TMQR variant in Nigeria and their relationship to
similar plasmid backbones from other regions of the world.
Here we describe in details for the first time the presence
of gnrD3 carried on Col3M plasmids in three P. mirabilis
isolated from hospital wastewater in southwestern Nigeria.

Bacterial isolates and their susceptibility
to antibiotics

Three bacterial identified as P. mirabilis through biochemi-
cal characterization tests (Bergey and Holt 2000; Cullimore
2019) and analysis of the 16S rRNA gene ((https://cge.food.
dtu.dk/services/SpeciesFinder/) were isolated from wastewa-
ter collected from three government-owned hospitals. The
bacterial isolates were designated as strains M-1, M-5, and
M-6. Strain M-1 was isolated in June 2019 from the waste-
water collected at the State Government hospital located in
Yemetu, while strains M-5 and M-6 were isolated in Janu-
ary 2020 and December 2019, respectively, from the State
Government hospitals located in Jericho (M-5) and Ring
Road (M-6), respectively. The three isolates were multidrug
resistant showing resistance to five (M_1) and four (M_5 and
M_6) different classes of antimicrobial drugs, respectively,
including a common intermediate level resistance to CIP
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(Table 1). The three isolates shared phenotypic resistance
to CAZ, CTX, FOX, OXA, and SXT. In addition, isolates
M_1 and M_6 shared resistance to AZM, M_1 and M_5
shared resistance to streptomycin and isolate M_1 showed
phenotypic resistance to IMP, the only carbapenem included
in the antimicrobial susceptibility testing. Consistent with
this observation, P. mirabilis, which usually show intrinsic
resistance to many antibiotics including colistin, nitrofurans,
tetracycline, and tigecycline and reduced or outright sus-
ceptibility to several others including imipenem and fluoro-
quinolones (Girlich et al. 2020) is currently emerging as an
important reservoir of clinically relevant ARGs.

Whole genomes and phylogeny of genetic similarity
of P. mirabilis

The isolates were whole genome sequenced to investigate
their genetic relatedness and genotypic mechanisms of
resistance to antimicrobials. The sizes of the three sequenced
genomes from our study were 3.78 Mbp, 3.79 Mbp, and
3.78 Mbp for strains M_1, M_5, and M_6, respectively. The
three genome assemblies have <51 contigs and a G+ C con-
tent of 38.5% (Table 1). Based on ANI comparison using
FastANI, the identities of the three Nigerian isolates was
further confirmed as P. mirabilis (ANI identity of >95%)
(Fig. 1a). Alongside the three Nigeria isolates, thirty-seven
publicly available high-quality genomes (originating from
China (n=32), USA (n=1), Hong Kong (n=1), and Ger-
many (n=1), and two isolates whose country of origin were
unknown) having < 200 contigs, N50 > 40,000, and contami-
nation < 5%, were included in pangenome construction (Sup-
plementary Table 1).

Pangenome statistics identified 2430 core genes (genes
present in > 99% of the genomes), 336 soft core genes (genes
present in 95 to <99% of the genomes), 1542 shell genes
(genes present in 15 to <95% of the genomes) and 8197
cloud genes (genes present in < 15% of the genomes) in the
genome collection. Pairwise SNPs distances of core gene
alignment showed that the three P. mirabilis isolates from
our study differed by <23 SNPs. The SNP distance between
MS5 and M6=1, M1 and M6=16, M1 and M5 =23, thus
showing that these strains are genetically highly similar
(Fig. 1b, Supplementary Table 2). This suggests a possible
silent dissemination of very closely related strains within
the hospital source of the wastewater from where the bac-
teria species were isolated. Core genome phylogeny anal-
ysis revealed two large and distinct clades, one of which
contained the three isolates from this study and another
genome from China, sharing closest evolutionary relation-
ship (Fig. 2). Core genome pairwise SNP distances between
the genomes of the three isolates in the present study and the
genome from China in this clade was 7629 (Supplementary
Table 2).

Table 1 Genome characteristics and phenotypic pattern of Resistance of the three Proteus mirabilis isolates

Phenotypic pattern of Resistance*

L75 (bp) GC content (%)

N75 (bp)

L50 (bp)

N50 (bp)

Total length (bp) Largest

No. of contigs

Isolation date

Strains

contig length

(bp)

38.5

12
12

11

157831
157831

6
6
5

215445
208014

665298

3787575
3790082
3789174

Jun 2019 45

Jan 2020

M_1

CAZ, FOX, OXA, SXT, CTX, AZM, S, IMP, CIP

CAZ, FOX, OXA, SXT, CTX, S, CIP

M_5

38.5

665403

51

M_6

157831 38.5

244464

665403

47

Dec 2019

CAZ, FOX, OXA, SXT, CTX, AZM, CIP

Resistance to CIP is intermediate for all isolates

s
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Fig. 1 a FastANI plot confirming the identity of the three Nigeria isolates (olive green) and their closest relatives from China (red), and b Grape-
Tree showing close evolutionary relationship of the three P. mirabilis isolates from Nigeria (olive green)
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Fig.2 Core genome phylogeny analysis showing close evolutionary relationship between the three P. mirabilis isolates (olive green) and isolates
from China (red), hosts of the bacterial strains, as well as their resistomes and associated plasmids

The gnrD3-habouring P. mirabilis strains have
exactly identical resistomes

To understand more about the genetic basis of the observed
multidrug resistance among the isolates, we screened the
genomes for ARGs through the ResFinder database. How-
ever, we observed there was no concordance between the
phenotypic resistance and antibiotic resistance genotype
of the three isolates. Despite showing phenotypic resist-
ance to four and five classes of antibiotics, respectively,
acquired ARG for beta-lactams, foliate inhibitors (SXT),
macrolides (AZM) and aminoglycosides (S) were surpris-
ingly not detected in the genomes of the three P. mirabilis
isolates. ResFinder analysis however showed that the three
isolates carried catA4 and gnrD3 conferring resistance
to chloramphenicol and fluoroquinolones, respectively.
Chloramphenicol was however not included in the anti-
biotics used for the antimicrobial susceptibility testing.
The gnrD3 shared 100% identity with gnrD3 of E. coli
EC68 (NG057448.1) isolated from bird feces in the United
States while the catA4 shared 100% identity with catA of
P. mirabilis strain S74-3-2 (CP073245.1) isolated from a
tiger in China.

In addition to the aforementioned ARG, CARD analysis
revealed strict hits corresponding to multidrug resistance
efflux genes and genes that confer resistance by target alter-
ation. Detected genes include three multi-antibiotic efflux
pumps of the resistance nodulation-cell division (RND) fam-
ily CRP, rsmA and adeF, two major facilitator superfamily
(MFS) antibiotic efflux pumps kpnH and kpnF, and gacJ,
an efflux pump of the small multidrug resistance (SMR)
family. Between them, these efflux pumps confer resist-
ance to penams, macrolides, fluoroquinolones, phenicols,

diaminopyrimidine, tetracycline aminoglycosides, cepha-
losporins, peptide antibiotic, rifamycins, and carbapenems
as well as disinfecting agents and antiseptics. Also detected
in the genomes through CARD analysis are mutations in
gyrB (S463A) and PBP3 (D350N) conferring resistance to
fluoroquinolones and beta-lactams. It is quite possible that
the presence of these genes and mutations in the genomes
contributed to the multidrug resistance phenotype of the P.
mirabilis isolates. This will however require further experi-
mental proof beyond the scope of the present study.

Unlike the three Nigeria isolates, a large proportion of
the 37 isolates included in the phylogenetic analysis how-
ever carried multiple acquired ARG in their genomes. This
suggests that the evolution of the Nigerian isolates towards
multidrug resistance through acquisition of ARG is still in
the early stages.

qnrD3 was carried on Col3M plasmids

While no plasmids were detected in the genomes of the three
isolates by PlasmidFinder, MGE analysis showed the pres-
ence of Col3M plasmids sharing 93% identity with Col3M
plasmid p3M-2A (JX514065.1) found in P. vulgaris 3M
isolated from shrimp in China (Zhang et al. 2020). p3M-
2A (2656 bp) was found together with a different sized
(5903 bp) but identical plasmid p3M-2B in P. vulgaris 3M.
No additional plasmid similar to p3M-2B was detected in
the three P. mirabilis isolates of the present study. Interest-
ingly, no resistance gene was found on p3M-2A by Zhang
et al (2020), but further analysis confirmed that p3M-2A has
a positive regulatory effect on the gnrD carried by the sis-
ter plasmid p3M-2B leading to an increase in ciprofloxacin
MIC in isolate 3M (Zhang et al. 2020). It thus appears that
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Fig. 3 Evolutionary relationship
of the Col3M plasmids from the
present study (pNgM_1_qnrD3,
pNgM_5_qnrD3 and pNgM_6)
and other gnrD-bearing Col3M
plasmids

MT349902.1 0.0287
MT349900.1 0.03485
HF913787.1 0.07724
JX514065.1 0.1379
pNgM_1_qgnrD3 0
pNgM_5 qnrD3 0
pNgM_6_qgnrD3 0
MK191843.1 -0.00042
CP045539.1 0.01153
JX514066.1 0.07038
HF913789.1 -0.05808
HF913788.1 -0.03046
HF679278.1 -0.01286
MF062089.1 0.01046
MF062090.1 -0.00047
NZ_KU160530.1 0.00364
KF364957.1 0
NC_023321.10
MF062091.1 0.00258
MT349901.1 0.01138
MF062092.1 0
MT349893.1 -0.00126
MT349894.1 0
MT349889.1 0.00038
MF062093.1 -0.00012

gl

|_I_I

|

M1

MT349899.1 0.00011

MT349896.1 0.00063

MT349890.1 0

MT349891.1 0

MF062094.1 0.00036
MT349892.1 0

MT349895.1 0
MT349897.1 0

MT349898.1 0

KF364953.1 0

NC_023317.10
NZ_MH085193.1 0.00075
KF364955.1 0
NC_023319.10
NZ_MHO085194.1 0.00037
NC_023318.10

KF364956.1 0
NC_023320.1 0
KF364954.1 0

"

the plasmids in the present isolates may have evolved from
p3M-2A but diversified through the recruitment of gnrD3
onto the plasmid backbone. Indeed, the current plasmids
are only slightly bigger in size (by ~43 bp) than p3M-2A
despite the incorporation of gnrD3 onto the p3M-2A back-
bone suggesting that a portion of the backbone was deleted
to accommodate the gnrD3 in the present variant of the
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plasmid. Alignment of the three plasmid contigs with the
sequence of p3M-2A indeed revealed deletions in p3M-2A
and the plasmids detected in the Nigerian isolates.

Manual inspection of RASTKit annotated contigs cor-
responding to the Col3M plasmids in the genome of the
Nigerian isolates showed that gnrD3 was split into two
fragments with the insertion of two open reading frames
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(orf) in between the two halves. The first fragment of 519 bp
was directly followed by an orf which on tblastn analysis
did not share any significant similarity with any sequence
in the GenBank database. This orf was directly followed
by another orf which shared 82.4% identity (77% query
coverage) with a portion coding for hypothetical protein
on plasmid pHBNNC5-qnrD3 of P. mirabilis HBNNCS5
(MT349900.1), one of two isolates carrying the gnrD3-
bearing Col3M plasmids in the GenBank. The second orf
was followed by another fragment (261 bp) in which the
first 138 bp were a direct repeat of the last 138 bp of the first
fragment. Similar to our observation on the first orf directly
following the first fragment of gnrD3 on the present plasmid,
orfl of p3M-2A also did not show significant similarity with
any sequence in the database but was shown to play a role in
regulating the expression of gnrD3 on p3M-2B (Zhang et al.
2020). It however remains unknown whether this orfis per-
forming similar regulatory function in the present plasmids.
These observations indicate that much is still unknown about
this plasmid lineage.

In fact, as at the time of this study, only two Col3M plas-
mids carrying gnrD3 are deposited in the GenBank database
found in P. mirabilis strain HBNNC5 (MT349900.1) from
dairy cow and P. mirabilis strain SCRJC7 (MT349902.1)
from broiler chicken, both isolated in China, suggesting
a recent acquisition of the gnrD3 onto the Col3M back-
bone. This to the best of our knowledge is the first report
of gnrD3-bearing Col3M plasmids in environmental iso-
lates of P. mirabilis and environmental isolates of the family
Morganellaceae. Consistent with the characteristics of the
two gnrD-bearing Col3M plasmids previously deposited in
the GenBank (MT349900.1, MT349902.1), gnrD3 was the
only ARG present on the Col3M plasmids found among the
Nigerian isolates.

Comparison of the plasmids with others in the NCBI
database showed that the three Nigerian plasmids shared
the closest evolutionary relationship with Col3M plasmids
found in S. enterica subsp. enterica serovar Heidelberg strain
69 (MK191843.1) isolated from swine in USA (Elnekave
et al. 2019) and P. mirabilis strain CRE14IB (CP045539.1)
isolated from a urine catheter in Italy (Bitar et al. 2020)
(Fig. 3, Supplementary Table 3). However, while the allelic
variant of the gnrD carried on the plasmids found in the
isolates of Elnekave et al. (2019) was not specified, the
plasmids found in the isolate of Bitar et al (2020) carried
gnrDI. The plasmids in the Nigeria isolates are distantly
related to p3M-2A and the gnrD3-bearing plasmids found
in the two previously mentioned isolates (MT349900.1,
MT349902.1) from China. However, in contrast to the single
cluster formed by the three isolates in core genome phylo-
genetic analysis, the plasmids formed two closely related
clusters. One cluster was formed by pNgM_1_qnrD3 and
pNgM_5_qnrD3 while pNgM_6_qnrD3 formed a single

cluster branching out from the M_1/M_5 cluster suggesting
that the three plasmids in the Nigerian isolates are probably
two closely related lineages.

Conclusion

We report the isolation of three strains of P. mirabilis carry-
ing gnrD3 on Col3M plasmids from untreated wastewater
collected from three government hospitals located in differ-
ent areas of Ibadan, the third largest populated city in Nige-
ria. This is the first report of this important plasmid carrying
gnrD3 in environmental isolates of the family Morganel-
laceae. The high degree of similarity between the isolates
and the plasmids they carry may be an indication of a silent
spread of the isolates/plasmids within the hospital origin of
the wastewater from where the strains were isolated and pos-
sibly within the surrounding communities. Taking the pre-
sent results into account, further genomic surveillance may
be warranted to understand the ecology of this plasmids and
their role in fluoroquinolone resistance within this setting.
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