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Abstract

Objective: Hospital indoor microenvironments host multidrug-resistant (MDR)
opportunistic bacteria that contribute significantly to healthcare-associated
infections (HAIs). This study evaluated the phenotypic multidrug resistance pro-
files, extrachromosomal plasmid carriage, 16S rRNA gene sequence resources,
and phylogenetic topologies of two MDR, opportunistic pathogens— Myroides sp.
strain Awka-1 (PZ744397) and Bacillus sp. strain Awka-1 (PZ744398)—isolated
from hospital environments in Awka, Anambra State, Nigeria.

Results: Target MDR isolates were recovered from hospital air (Myroides sp.
strain Awka-1 PZ744397) and healthcare staff attire (Bacillus sp. strain Awka-
1 PZ744398). Antimicrobial susceptibility testing revealed high-level multidrug
resistance, with Multidrug Resistance Index (MRI) values of 0.5 (Myroides sp.
strain Awka-1) and 0.4 (Bacillus sp. strain Awka-1). Plasmid profiling demon-
strated extrachromosomal plasmid carriage in both strains. Evolutionary trees
constructed via Maximum Likelihood method placed Myroides sp. strain Awka-
1 PZ744397 in a high-confidence clade alongside Myroides odoratimimus subsp.
xuanwuensis strain M2S3B6 and Myroides odoratimimus strain WRBC, whilst
Bacillus sp. strain Awka-1 PZ744398 clustered firmly within the Bacillus cereus
species complex (alongside Bacillus cereus strain NOORBSRJ12 and Bacillus



cereus ATCC 14579). These GenBank sequence deposits provide baseline molec-
ular markers for tracking environmental reservoirs of MDR pathogens in regional
healthcare settings.
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1 Introduction

The persistence of multidrug-resistant (MDR) opportunistic bacteria on inanimate
surfaces and in ambient hospital air poses severe public health risks, particularly in
developing healthcare systems [1, 2]. Hospital air currents and contaminated person-
nel clothing frequently act as vectors for non-fermenting Gram-negative bacteria and
Gram-positive bacilli-forming spores [3, 4], which have the intrinsic potential of causing
severe opportunistic infections in patients with immunedeficiency [5, 6].

Establishing definitive molecular identification and surveillance mechanisms for
environmental bacteria is essential for infection control [7]. Although conventional
phenotypic characterisation provides foundational data, 16S rRNA gene sequencing
remains the gold standard for unambiguous identification and phylogenetic tracking
of clinical and environmental isolates [8, 9].

To establish molecular baseline data for sub-Saharan Africa, this study aimed
to perform 16S rRNA gene characterisation, phylogenetic mapping, plasmid extrac-
tion, and antimicrobial resistance profiling of two MDR strains—Myroides sp.
strain Awka-1 (GenBank: PZ744397) and Bacillus sp. strain Awka-1 (GenBank:
PZ744398)—recovered from healthcare facilities in Awka, Anambra State, Nigeria.

2 Methods

2.1 Isolation, Antibiogram and Plasmid Extraction

Isolates were obtained from hospital air and personnel clothing using standard microbi-
ological culture techniques [3, 4]. Kirby-Bauer disc diffusion method on Mueller-Hinton
agar was employed in the antibiotic susceptibility testing and this was done according
to standard criteria [23]. The Multidrug Resistance Index (MRI) was calculated using
the equation (a/b), where a refers to the number of antibiotics resisted and b refers to
the total number of antibiotics tested [24]. Plasmid DNA was extracted from overnight
bacterial cultures using the ZymoPURE™ Plasmid Miniprep Kit and visualised on 2%
agarose gel that was already stained with ethidium bromide [11].

2.2 16S rRNA Amplification, Sequencing and Phylogenetics

Using the Zymo Quick-DNA BioFluid/Cell Kit, genomic DNA was extracted. The
amplification of the 16S rRNA gene was carried out using universal bacterial primers
[25]:



o 27F: 5'-AGAGTTTGATCMTGGCTCAG-3’
e 1492R: 5'-TACGGYTACCTTGTTACGACTT-3

PCR amplification was executed in 25 ul. volumes containing 12.5 ul. OneTaq 2x
Master Mix, 1uL of each primer (10 uM), 2 uL. DNA template, and 8.5 uL. nuclease-
free water. Cycle sequencing was conducted using the BrilliantDye™ Terminator Kit
v3.1 on an ABI 3510 Genetic Analyser. Sequences were queried against GenBank using
BLASTn [26]. Alignments were generated with MUSCLE and phylogenetic trees were
created using MEGA software via Maximum Likelihood models with 1,000 bootstrap
iterations [27].

3 Results
3.1 Antimicrobial Susceptibility and Plasmid Profiles

Antimicrobial susceptibility testing demonstrated multidrug resistance in multiple
clinically vital antibiotic classes [10]. Myroides sp. strain Awka-1 PZ744397, isolated
from airborne settle plates in a specialist hospital ward, resisted penicillins (AMP),
cephalosporins (CEP), aminoglycosides (GEN,STR), and quinolones (NAL), yielding
a Multidrug Resistance Index (MRI) of 0.5. Bacillus sp. strain Awka-1 PZ744398, iso-
lated from healthcare personnel attire, exhibited resistance to fluoroquinolones (NOR),
penicillins/aminopenicillins (AMX, AXC) and phenicols (CHL), with an MRI of 0.4
(Table 1). Agarose gel electrophoresis of plasmid DNA preparations showed intense
DNA signals retained close to the loading wells in both isolates, with diffuse migration
into the gel. The negative control showed no distinct bands. However, discrete plas-
mid bands were not clearly resolved under the electrophoretic conditions used (Figure
B2). The presence of plasmid shows that horizontal gene transfer of resistance factors
is a potential risk within the hospital environment [11, 12].



Table 1 Summary of Isolate Profiles, Accession Numbers, and Data Sources

Label Resource Name GenBank Accession Biological Source MDR Profile / Resistant Classes

Data File 1 Myroides sp. strain Awka-1 16S rRNA PZ744397 Indoor Hospital Air AMPR, CEPR, GENE, STRE, NALR

Data File 2 Bacillus sp. strain Awka-1 16S TRNA  PZ744398 Staff Attire / Clothing NORF, AMXR®, CHLR, AXCR

Figure 1 Myroides Evolutionary Tree Figure 1 (embedded) Bioinferred Alignment Phylogenetic placement relative to Flavobacteriaceae
Figure 2 Bacillus Evolutionary Tree Figure 2 (embedded)  Bioinferred Alignment Phylogenetic placement within Bacillaceae

Note: Resistance index profiles indicate multidrug-resistant characteristics across distinct bacterial isolates.
LAMP = Ampicillin, CEP = Cephalosporins, GEN = Gentamicin, STR = Streptomycin, NAL = Nalidixic acid.
2NOR = Norfloxacin, AMX = Amoxicillin, CHL = Chloramphenicol, AXC = Amoxicillin-clavulanic acid.



3.2 16S rRNA Sequencing and Molecular Phylogenetics

Sequencing of the amplified 16S rRNA gene established precise identification and
evolutionary relationships for both isolates.

1. Myroides sp. strain Awka-1 (PZ744397): As illustrated in Figure 1, phy-
logenetic reconstruction placed the isolate within the Myroides odoratimimus lineage.
It formed a distinct sub-clade alongside Myroides odoratimimus subsp. xuanwuen-
sis strain M2S3B6 and Myroides odoratimimus strain WRBC (bootstrap support =
73%/48%). Outgroup rooting with Flavobacterium aquatile strain DSM 1132 and
Flavobacterium columnare NBRC 100251 confirmed clear genus boundaries.
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Fig. 1 Molecular phylogenetic tree of Myroides sp. strain Awka-1 (GenBank: PZ744397). This was
created using the method of Maximum Likelihood, based on 16S rRNA gene sequences which shows
the position of Myroides sp. strain Awka-1 (GenBank: PZ744397) relative to reference Flavobacteri-
aceae strains. Bootstrap values (1,000 replicates) are presented at branch nodes.

2. Bacillus sp. strain Awka-1 (PZ744398): Phylogenetic topology (Figure 2)
situated the strain squarely within the Bacillus cereus sensu lato complex. The isolate
shared a tight monophyletic node (bootstrap value = 83%) with Bacillus cereus strain
NOORBSRJ12 and reference strain Bacillus cereus ATCC 14579, with Paenibacillus
polymyzxa TAM 13419 establishing outgroup separation.



83 Bacillus thuringiensis strain ATCC 10792
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Fig. 2 Molecular phylogenetic tree of Bacillus sp. strain Awka-1 (GenBank: PZ744398). This was
built using the Maximum likelihood method and on 16S rRNA gene sequences showing the evolution-
ary position of Bacillus sp. strain Awka-1 (GenBank: PZ744398) within the Bacillus cereus species
complex, rooted with Paenibacillus polymyza IAM 13419. Bootstrap values are indicated at branch
nodes.

4 Discussion

Myroides species are opportunistic pathogens known for their extensive intrinsic resis-
tance to Beta-lactams, aminoglycosides and fluoroquinolones [13, 14]. The recovery
of Myroides sp. strain Awka-1 (PZ744397) from hospital bioaerosols underscores an
underappreciated airborne transmission route within clinical wards [2, 15]. Molecu-
lar identification via 16S rRNA gene sequencing is crucial for precise detection and
monitoring of such non-fermenting Gram-negative opportunists in healthcare settings
[8, 16].

Similarly, Bacillus species, particularly members of the Bacillus cereus complex,
are well-documented opportunistic agents capable of surviving on healthcare personnel
clothing and environmental fomites due to endospore production [4, 17]. Detecting the
carriage of an extrachromosomal plasmid in Bacillus sp. strain Awka-1 (PZ744398)
along with resistance to fluoroquinolones and penicillins is indicative that the garments
of healthcare workers are mobile reservoirs for resistance determinants [11, 18].

The deposition of these validated sequences of 16S rRNA gene in NCBI GenBank,
under the accession numbers PZ744397 and PZ744398 provides accurate, accessi-
ble genetic reference data to assist in future epidemiological tracking and genomic
surveillance in Nigerian healthcare systems [19, 20].

5 Limitations

Resistome Annotation: Resistance was phenotypically characterised along with plas-
mid extractions. High-throughput Whole-Genome Sequencing (WGS) is recommended
for future work to identify specific resistance genes (e.g., blaMUS, blaTUS, or gyrA
point mutations) [14, 21].



Sampling Scope: Sampling was restricted to three healthcare facilities within

Awka, Anambra State; a broader multicenter surveillance in Nigeria will provide
comprehensive regional prevalence data [22].
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Appendix A Ethical approval and strain collection
permission

[ REGINA CAELI SPECIALIST HOSPITAL AWKA 1

email-reginacaaelihospit K@Yahoo.com
P.0.Box 52 AWKA Tel: 08108414851

Cler Rf.....
er 7AC"
L.

NOTIFICATION OF FULL APPROVAL AFTER COMMITTEE REVIEW

TOPIC OF RESEARCH..L.SOLATION __ AND CHARACTERIZATION of
MULTIDRUG. . - RESISTANT... BACTERIAL .. PATHOGEN S _ PREVALENT
VN THOSPITAL . ENVIRONMENT. . WITHIN. . AWK A METROPOLLS,
NAME OF PRINCIPAL INVESTIGATOR...(70DH .. MICTo R, CHu KH Y
ADDRESS OF PRINCIPAL INVESTIGATOR. DEPARTMENT,  of APPLIED [MicRoBioLoy
AND. BREWING.,  NNAMDI AZIKWE . UNIVERSITY  AUKA
DATE OF RECEIPT OF VALID APPLICATION. |4 TH.._£ER, 2222

This is to inform you that the research described in your Proposal and its Consent forms and
Methodology have been reviewed and given full approval by the HEALTH RESEARCH
ETHICS COMMITTEE of Regina Caeli Specialist Hospital, Awka.

DATE OF APPROVAL 21 FEB, 2o22
DATE OF EXPIRATION OF APPROVAL.._.2.0..FEB, 2023

You are to note that this Committee can conduct a compliance visit to your research site(s)
without notifying you. You also have to abide strictly by the Study Methodology presented to
this Committee. Any change if necessary will require approval by the HEALTH RESEARCH
ETHICS COMMITTEE. This approval lapses at the end of the approval period.

Congratulations and God bless.

For: HEALTH RESEARCH ETHICS
COMMITTEE, RCSH, Awka

Fig. A1 Ethical approval and strain collection permission. Documentation of ethical approval and
institutional permission for bacterial culture collection.



Appendix B  Plasmid profiling gel electrophoresis
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Fig. B2 Plasmid profiling gel electrophoresis. Agarose gel electrophoresis photo displaying the plas-
mid profiles of two bacterial strains. M=Myroides sp. strain Awka-1 (PZ744397); B=Bacillus sp.
strain Awka-1 (PZ744398); C = Negative Control



Appendix C Antibiotic susceptibility test results

Myroides sp. strain Awka-1 PZ744397 Bacillus sp. strain Awka-1 PZ744398

Fig. C3 Antibiotic susceptibility test results. Photographs showing the antibiotic
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Table D1 Antibiotic Abbreviations, Categories, and Concentrations

Appendix D Antibiotic Reference Data

Abbreviation Names Category Concentration (ug)
OFX Ofloxacin Quinolone 10
PEF Pefloxacin Quinolone 10
AU Augmentin Penicillin + S-lactamase 30
CPX Ciprofloxacin Quinolone 10
CN Gentamicin Aminoglycosides 10
S Streptomycin Aminoglycosides 30
CEP Ceporex Cephalosporin 10
NA Nalidixic acid Quinolone 30
SXT Septrin Sulfonamides 30
PN Ampicillin Penicillin 30
NB Norfloxacin Quinolone 10
AMX Amoxicillin Penicillin 20
RD Rifampicin Rifampin 20
E Erythromycin Macrolide 30
CH Chloramphenicol Chloramphenicol 30
APX Ampiclox Penicillin 20
LEV Levofloxacin Quinolone 20
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